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PREFACE. 


It  is  the  business  of  operative  industry  to  produce,  transform,  and  dis- 
tribute all  such  material  objects  as  are  suited  to  satisfy  the  wants  of  man- 
kind. The  primary  production  of  these  objects  is  assigned  to  the  husband- 
man, the  fisherman,  and  the  miner  ;  their  transformation  to  the  manufactiLcr 
and  artisan ;  and  their  distribution  to  the  engineer,  shipwright,  and  sailor.* 
The  unworked  or  raw  materials  are  derived, — 1.  from  the  organic  processes 
of  vegetables  and  animals,  conducted  either  without  or  with  the  fostering 
care  of  man  ;  2.  from  the  boundless  stores  of  mineral  and  metallic  wealth, 
arranged  upon  or  within  the  surface  of  the  earth  by  the  benignant  Parent 
of  our  being,  in  the  fittest  condition  to  exercise  our  physical  and  intellectual 
powers  in  turning  them  to  the  uses  of  life. 

The  task  which  I  have  undertaken  in  the  present  work,  is  to  describe 
and  explain  the  transformd,tions  of  these  primary  materials,  by  mechanical 
and  chemical  agencies,  mto  general  objects  of  exchangeable  value ;  leav- 
ing, on  the  one  hand,  to  the  mechanical  engineer,  that  of  investigating  the 
motive  powers  of  transformation  and  transport ;  and,  on  the  other  hand,  to 
the  handicraftsman,  that  of  tracing  their  modifications  into  objects  of  special 
or  local  demand.  Contemplated  in  this  view,  an  art  or  manufacture  may 
be  defined  to  be  that  species  of  industry  which  effects  a  certain  change  in 
a  substance,  to  suit  it  for  the  general  market,  by  combining  its  parts  in  a 
new  order  and  form,  through  mechanical  or  chemical  means.  Iron  will 
verve  tlie  purpose  of  illustrating  the  nature  of  the  distinctions  here  laid 
down,  between  mechanical  engineering  ;  arts  and  manufactures  ;  and  handi- 
craft trades.  The  engineer  perforates  the  ground  with  a  shaft,  or  a  drift, 
to  the  level  of  the  ore,  erects  the  pumps  for  drainage,  the  ventilating,  and 
hoisting  apparatus,  along  with  the  requij-iite  steam  or  water  power  ;  he  con- 
structs the  roads,  the  bridges,  canals,  railways,  harbors,  docks,  cranes,  &c., 
subservient  to  the  transport  of  the  ore  and  metal ;  he  mounts  the  steam  or 
water-power,  and  bellows  for  working  the  blast-furnaces,  the  forges,  and 
the  cupolas  ;  his  principal  end  and  aim  on  all  occasions  being  to  overcome 
he  forces  of  inertia,  gravity,  and  cohesion.     The  ores  extracted  and  sorted 

•For  correct  and  copious  information  upon  agricultural  production,  I  have  great 
pleasure  in  referring  my  readers  to  Mr.  Loudon's  elaborate  Encyclopedias  of  Jgric.ullure, 
Gardening,  and  Plants  ;  and  for  mercantile  production  and  distribution,  to  Mr.  M'Cul- 
loch's  excellent  Dictionary  of  Commerce  and  Commercial  Navigation. 
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by  the  miner,  and  transported  by  the  engineer  to  the  smelting  station,  are 
there  skilfully  blended  by  the  iron-master  (manufacturer),  who  treats  them 
in  a  furnace  appropriately  constructed,  along  with  their  due  proportions  ol 
flux  and  fuel,  whereby  he  reduces  them  to  cast  iron  of  certain  quality, 
which  he  runs  off  at  the  right  periods  into  rough  pigs  or  regular  moulds  ; 
he  then  transforms  this  crude  metal,  by  mechanical  and  chemical  agencies, 
into  bar  and  plate  iron  of  various  sizes  and  shapes,  fit  for  the  general  market ; 
he  finally  converts  the  best  of  the  bars  into  steel,  by  the  cementation  fur- 
nace, the  forge,  and  the  tilt-hammer  ;  or  the  best  of  the  plates  into  tin-plate. 
When  farther  worked  by  definite  and  nearly  uniform  processes  into  objects 
of  very  general  demand  in  all  civilized  countries,  these  iron  and  steel  bars 
still  belong  to  the  domain  of  manufactures ;  as,  for  example,  when  made 
into  anchors,  chain-cables,  files,  nails,  needles,  wire,  &;c. ;  but  when  the 
iron  is  fashioned,  into  ever  varying  and  capricious  forms,  they  belong  either 
to  the  general  business  of  the  founder  and  cutler,  or  to  the  particular  call- 
ing of  some  handicraft,  as  the  locksmith,  gratesmith,  coachsmith,  gunsmith, 
tinman,  &c. 

Such  are  the  principles  which  have  served  to  guide  me  in  selecting  arti- 
cles for  the  present  volume.  By  them,  as  a  clew,  I  have  endeavored  to 
hold  a  steady  course  through  the  vast  and  otherwise  perplexing  labyrinth 
of  arts,  manufactures,  and  mines  ;  avoiding  alike  engineering  and  mechan- 
ical arts,  which  cause  no  change  in  the  texture  or  constitution  of  matter, — 
and  handicraft  operations,  which  are  multiform,  capricious,  and  hardly  sus- 
ceptible of  scientific  investigation.  In  fact,  had  such  topics  been  introduced 
into  the  volume,  it  would  have  presented  a  miscellaneous  farrago  of  incon- 
gruous articles,  too  numerous  to  allow  of  their  being  expounded  in  a  man- 
ner either  interesting  or  instructive  to  the  manufacturer  and  the  metallurgist. 
I  readily  acknowledge,  however,  that  I  have  not  been  able  to  adhere  always 
so  rigorously  as  I  could  have  wished  to  the  above  rule  of  selection  ;  having 
been  constrained  by  intelligent  and  influential  friends  to  introduce  a  few 
articles  which  I  would  gladly  have  left  to  the  mechanical  engineer.  Of 
these  Printing  is  one,  which,  having  had  no  provision  made  for  it  in  my 
original  plan,  was  too  hastily  compiled  to  admit  of  my  describing,  with 
suitable  figures,  the  flat-printing  automatic  machine  of  Mr.  Spottiswoode, 
wherewith  the  pages  of  this  volume  were  worked  oflT ;  a  mechanism  which 
I  regard  as  the  most  elegant,  precise,  and  productive,  hitherto  employed  to 
execute  the  best  style  of  letter  press. 

I  have  imbodied  in  this  work  the  results  of  my  long  experience  as  a 
Professor  of  Practical  Science.  Since  the  year  1805,  when  I  entered  at 
an  early  age  upon  the  arduous  task  of  conducting  the  schools  of  chemistry 
and  manufactures  in  the  Andersonian  Institution,  up  to  the  present  day, 
I  have  been  assiduously  engaged  in  the  study  and  improvement  of  most  of 
the  chemical  and  many  of  the  mechanical  arts.  Consulted  professionally 
by  proprietors  of  factories,  workshops,  and  mines  of  various  descriptions, 
both  in  this  country  and  abroad,  concerning  derangements  in  their  opera- 
tions, or  defects  in  their  products,  I  have  enjoyed  peculiar  opportunities  of 
becoming  familiar  with  their  minutest  details,  and  have  frequently  had  the 
good  fortune  to  rectify  what  was  amiss,  or  to  supply  what  was  wanting. 
Of  the  stores  of  information  thus  acquired,  I  have  availed  myself  on  the 
present  occasion ;  careful,  meanwhile,  to  neglect  no  means  of  knowledge 
which  my  extensive  intercourse  with  foreign  nations  affords. 

I  therefore  humbly  hope  that  this  work  will  prove  a  valuable  contribution 
to  the  literature  of  science,  serving  — 

In  the  first  place,  to  instruct  the  Manufacturer,  Metallurgist,  and  Trades- 
man, in  the  principles  of  their  respective  processes,  so  as  to  render  them  in 
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reality  the  masters  of  their  business,  and  to  emancipate  them  from  a  state 
of  bondage  to  such  as  are  too  commonly  the  slaves  of  blind  prejudice  and 
vicious  routine. 

Secondly,  to  afford  to  Merchants,  Brokers,  Drysalters,  Druggists,  and 
Officers  of  the  Revenue,  characteristic  descriptions  of  the  commodities  which 
pass  through  their  hands. 

Thirdly,  by  exhibiting  some  of  the  finest  developments  of  chemistry  and 
physics,  to  lay  open  an  excellent  practical  school  to  students  of  these  kindred 
sciences. 

Fourthly,  to  teach  Capitalists,  vi^ho  may  be  desirous  of  placing  their  funds 
in  some  productive  bank  of  industry,  to  select  judiciously  among  plausible 
claimants. 

Fifthly,  to  enable  Gentlemen  of  the  Law  to  become  well  acquainted  with 
the  nature  of  those  patent  schemes  which  are  so  apt  to  give  rise  to  litigation. 

Sixthly,  to  present  to  our  Legislators  such  a  clear  exposition  of  our  staple 
manufactures,  as  may  dissuade  them  from  enacting  laws  which  obstruct 
industry,  or  cherish  one  branch  of  it  to  the  injury  of  many  others  :  and. 

Lastly,  to  give  the  General  Reader,  intent  chiefly  on  intellectual  cultivation, 
a  view  of  many  of  the  noblest  achievements  of  science,  in  effecting  those 
grand  transformations  of  matter  to  which  Great  Britain  owes  her  paramount 
wealth,  rank,  and  power  among  the  kingdoms. 

The  latest  statistics  of  every  important  object  of  manufacture  is  given  from 
the  best,  and,  usually,  from  official  authority,  at  the  end  of  each  article.* 

The  following  summary  of  our  manufactures  is  extracted  from  Mr. 
Macqueen's  General  Statistics  of  the  British  Empire,  published  in  1836.  It 
shows  the  amount  of  capital  embarked  in  the  various  departments  of  manu- 
facturing industry,  and  of  the  returns  of  that  capital : — 


Cotton  manufactures 

Woollen       ditto 

Silk  ditto 

Linen  ditto 

Leather       ditto 

Iron  ditto,  to  making  pig  iron 

Iron,  hardware,  cutlery,  &c. 

Copper  and  brass  ditto 

China,  glass,  &c.        -        .         . 

Paper,  furniture,  books,  &c. 

Spirits  (British),  ales,  soap,  &c. 

Sundries  additional     -         -         - 


Totals 


Capital. 


£ 

40,973,872 

36,000,000 

8,000,000 

12,000,000 

13,000,000 

10,000,000 

25,000,000 

3,600,000 

8,600,000 

10,000,000 

37,600,000 


201,773,872 


Produce. 


£ 
52,513,586 
44,250,000 
10,000,000 
15,421,186 
16,000,000 

7,098,000 
31,072,600 

4,673,186 
10,892,794 
14,000,000 
47,163,847 

9,000,000 


262,085,199 


In  consequence  of  an  arrangement  with  Mr.  William  Newton,  patent 
agent,  and  proprietor  of  the  London  Journal  of  Arts,  Sciences,  and  Manufac- 
tures, I  have  been  permitted  to  enrich  this  Dictionary  with  many  interesting 
descriptions  and  illustrative  figures  of  modern  patent  inventions  and  improve- 
ments, which  I  could  not  otherwise  have  presented  to  my  readers.  Mr. 
Newton  has  lately  enhanced  the  value  of  his  Journal  by  annexing  to  it  a 
catalogue  raisonnee,  entitled  "  An  Analytical  Index  to  the  Subjects  contained 
in  the  23  Yolumes,"  which  constitute  the  first  and  second  series.     The 


*  The  statistics  of  agriculture,  trade,  and  manufactures  is  ably  and  fully  discussed  in 
Mr.  M'CulIoch's  Dictionary  already  referred  to. 


5  PREFACE. 

subsequent  22  volumes,  of  his  Conjoined  Series,  are  of  still  superior  interest ; 
and  the  whole  form  a  vast  storehouse  of  Mechanical  and  Chemical  Invention. 

Although  I  am  conscious  of  having  used  much  diligence  for  many  years 
in  collecting  information  for  this  work,  from  every  quarter  within  my  reach, 
the  utmost  pains  in  preparing  it  for  publication,  and  incessant  vigilance  during 
its  passage  through  the  press,  yet  I  am  fully  aware  that  it  must  contain  sev- 
eral errors  and  defects.  These  I  have  studied  to  rectify,  in  the  text  of  this 
edition,  and  more  completely  in  a  compendious  Supplement. 

Since  this  book  is  not  a  Methodical  Treatise,  but  a  Dictionary,  one  exten- 
sive subject  may  be  necessarily  dispersed  through  many  articles.  Thus,  for 
example,  information  upon  the  manufacture  of  Colors  will  be  found  under 
azure  ;  black  pigment ;  bone-black  ;  bronze  ;  brown  dye  ;  calico-printing  ; 
carmine  ;  carthamus  ;  chromium ;  cochineal ;  crayons  ;  dyeing  ;  enamels  ; 
gold  ;  gilding  ;  gamboge  ;  gray  dye  ;  green  dye  ;  green  paints  ;  indigo  ; 
kermes ;  lac  dye ;  lakes;  madder;  massicot;  mercury;  periodide  of ;  Na- 
ples yellow  ;  orange  dye  ;  orpiment ;  paints  ;  grinding  of ;  ochres  ;  paper- 
hangings  ;  pastes ;  pearl  white  ;  Persian  berries  ;  pottery  pigments  ;  Prus- 
sian blue;  purple  of  Cassius;  red  lead;  rouge;  Scheele's  green;  Schwein- 
furth  green  ;  stained  glass  ;  terra  di  Sienna  ;  ultramarine  ;  umber  ;  verditer  ; 
vermilion  ;  vitrifiable  colors,  weld,  white  lead  ;  woad  ;  yellow,  king's. 

A  casual  consulter  of  the  Dictionary,  who  did  not  advert  to  this  distribu- 
tion, might  surmise  it  to  be  most  deficient,  where  it  is  in  reality  most  copious 

The  elaborate  and  costly  Encyclopedias,  and  Dictionaries  of  Arts,  which 
have  appeared  from  time  to  time  in  this  country,  and  abroad,  have,  for  the 
most  part,  treated  of  the  mechanical  manufactures  more  fully  and  correctly 
than  of  the  chemical.  The  operations  of  the  former  are,  in  fact,  tolerably 
obvious  and  accessible  to  the  inspection  of  the  curious  ;  nor  are  they  diffi- 
cult to  transfer  into  a  book,  with  the  aid  of  a  draughtsman,  even  by  a  per- 
son but  moderately  versed  in  their  principles.  But  those  of  the  latter  are 
not  unfrequently  involved  in  complicated  manipulations,  and  depend,  for 
their  success,  upon  a  delicate  play  of  affinities,  not  to  be  understood  with- 
out an  operative  familiarity  with  the  processes  themselves.  Having  enjoyed 
the  best  opportunities  of  studying  the  chemical  arts  upon  the  greatest  scale  in 
this  kingdom  and  on  the  Continent,  I  may  venture,  without  the  imputation 
of  arrogance,  to  claim  for  my  work,  in  this  respect,  more  precision  and  co- 
piousness than  its  predecessors  possess.  I  have  gone  as  far  in  describing 
several  curious  processes,  hitherto  veiled  in  mystery,  as  I  felt  warranted, 
without  breach  of  confidence,  to  go  ;  regarding  it  as  a  sacred  duty  never  to 
publish  any  secret  whatever,  without  the  consent  of  its  proprietor.  During 
my  numerous  tours  through  the  factory  districts  of  Great  Britain,  France, 
&c.,  many  suggestions,  however,  have  been  presented  to  my  mind,  which  I 
am  quite  at  liberty  to  communicate  in  private,  or  carry  into  execution,  in 
other  districts  too  remote  to  excite  injurious  competition  against  the  original 
inventors.  I  am  also  possessed  of  many  plans  of  constructing  manufacto- 
ries, of  which  the  limits  of  this  volume  did  not  permit  me  to  avail  myself, 
but  which  I  am  ready  to  furnish,  upon  moderate  terms,  to  proper  applicants. 
I  conclude  by  pointing  attention  to  the  very  insecure  tenure  by  which  pat- 
ents for  chemical  or  chemico-mechanical  inventions  are  held  ;  of  which 
there  is  hardly  one  on  record  which  may  not  be  readily  evaded  by  a  person 
skilled  in  the  resources  of  practical  chemistry,  or  which  could  stand  the 
ordeal  of  a  court  of  law,  directed  by  an  experienced  chemist.  The  specifi- 
cations of  such  patents  stand  in  need  of  a  thorough  reform  ;  being  for  the 
most  part  not  only  discreditable  and  delusive  to  the  patentees,  but  calculated 
to  involve  them  in  one  of  the  greatest  of  evils — a  chancery  suit. 

London:  13  Charlotte  Street,  Bedford  Square, 
August,  1S43. 
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AbB-WOOL.     Among  clothiers,  this  term  signifies  the  woof  or  weft. 

ACETATE.  {Acetate,  Fr. ;  Essigsaure,  Germ.)  Any  saline  compound  of  which 
the  acetic  is  the  acid  constituent ;  as  acetate  of  soda,  of  iron,  of  copper,  &c. 

ACETATE  OF  ALUMINA,  see  Red  Liquor  and  Mordant;  of  Copper,  see 
Copper  ;  of  Iron,  see  Iron  ;  of  Lead,  see  Lead  ;  of  Lime,  see  Pyroligneous  Acid. 

ACETIC  ACID  (Acide  Acelique,  Fr. ;  Essigsaure,  Germ.)  is  the  name  of  the  sour 
principle  which  exists  in  vinegar.  It  occurs,  ready  formed,  in  several  products  of 
the  vegetable  kingdom,  and  is  generated  during  the  spontaneous  fermentation  of  many 
vegetable  and  animal  juices.  The  sambucus  nigra,  or  black  elder,  the  phcenix  dacli- 
lifera,  and  the  rhus  typhinus  are  plants  which  afford  a  notable  quantity  of  vinegar.  It 
is  found,  likewise,  in  the  sweat,  urine,  milk,  and  stomach  of  animals.  All  infusions  of 
animal  or  vegetable  matters  in  water,  when  exposed  for  some  time  to  the  air,  at  a  mo- 
derate temperature,  ferment  into  vinegar;  and  most  vegetables,  when  subjected  to 
decomposition  by  fire,  give  off  condensable  vapors  of  acetic  acid.  All  liquids  con- 
taining alcohol  are  susceptible  of  passing  into  the  state  of  vinegar ;  but  the  pre-existence 
of  alcohol  is  not  necessary  to  this  change,  as  we  learn  from  the  acetification  of  vegetable 
soups,  infusion  of  cabbage,  starch  —  paste,  &c. 

Vinegar  may  be  distinguished  into  four  varieties,  according  to  the  mode  of  its  pro- 
duction, though  all  of  them  are  capable  of  being  converted,  by  chemical  means,  into 
one  identical  acetic  acid.  1.  Wine  vinegar.  2.  Malt  vinegar.  3  Sugar  vinegar. 
4.  Wood  vinegar,  or  pyroligneous  acid.  Fermentation  is  the  source  of  the  acid  in  the 
first  three  varieties.  Here  alcohol  is  first  generated,  and  is  next  converted  into  vinegar 
by  the  influence  of  the  air  at  a  genial  temperature ;  a  change  which  will  be  investigated 
under  Fermentation.  But  the  conversion  of  spirit  of  wine  into  acetic  acid  may  be  de- 
monstrated by  direct  experiment.  When  the  vapor  of  alcohol  is  brought  into  contact 
in  the  atmosphere  with  the  black  powder  obtained  by  mixing  muriate  of  platina,  potash, 
and  alcohol,  vinegar  is  rapidly  formed  at  the  expense  of  the  alcohol.  In  Germany,  where 
crude  alcohol  bears  a  low  price,  the  manufacture  of  vinegar  has  been  arranged  upon  that 
principle,  which,  as  throwing  some  light  on  the  process  of  acetification,  I  shall  briefly 
describe.     See  Platinum /or  the  mode  of  preparing  the  above  powder. 

Under  a  large  case,  which  for  experimental  purposes  may  be  made  of  glass,  several 
saucer-shaped  dishes  of  pottery  or  wood  are  to  be  placed  in  rows,  upon  shelves  over 
each  other,  a  few  inches  apart.  A  portion  of  the  black  platina  powder  moistened  being 
suspended  over  each  dish,  let  as  much  vinous  spirits  be  put  into  them  as  the  oxygen  of 
the  included  air  shall  be  adequate  to  acidify.  This  quantity  may  be  inferred*  from  th^ 
fact,  that  1000  cubic  inches  of  air  can  oxygenate  110  grains  of  absolute  alcohol,  convert- 
ing them  into  122  grains  of  absolute  acetic  acid,  and  64a  grains  of  water. 

The  above  simple  apparatus  is  to  be  set  in  a  light  place  (in  sunshine,  if  convenient), 
at  a  temperature  of  from  GS''  to  86**  Fahr.,  and  the  evaporation  of  the  alcohol  is  to  be 
promoted  by  hanging  several  leaves  of  porous  paper  in  the  case,  with  their  bottom  edges 
dipped  in  the  spirit.  In  the  course  of  a  few  minutes,  a  most  interesting  phenomenon 
will  be  perceived.  The  mutual  action  of  the  platina  and  the  alcohol  will  be  displayed 
by  an  increase  of  temperature,  and  a  generation  of  acid  vapors,  which,  condensing  on 
the  sides  of  the  glass-case,  trickle  in  streams  to  the  bottom.  This  striking  transforma- 
tion continues  till  all  the  oxygen  of  the  air  be  consumed.  If  we  wish,  then,  to  renew 
the  process,  we  must  open  the  case  for  a  little,  and  replenish  it  with  air.  With  a  box 
of  12  cubic  feet  in  capacity,  and  with  a  provisioa  of  7  or  8  ounces  of  the  platina  powder. 
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we  can,  in  the  course  of  a  day,  convert  one  pound  of  alcohol  into  pure  acetic  acid,  fit  for 
every  purpose,  culinary  or  chemical.  With  from  20  to  30  pounds  of  the  platina  powder 
(which  does  not  waste),  we  may  transform,  daily,  nearly  300  pounds  of  bad  spirits  into 
the  finest  vinegar.  Though  our  revenue  laws  preclude  the  adoption  of  this  elegant 
process  upon  the  manufacturing  scale  in  this  country,  it  may  be  regarded  as  one  of  the 
greatest  triumphs  of  chemistry,  where  art  has  rivalled  nature  in  one  of  her  most  myste- 
rious operations. 

To  readers  acquainted  with  chemical  symbols,  the  following  numerical  representation 
of  the  conversion  of  alcohol  into  acetic  acid  may  be  acceptable  : — 

580-64  parts  by  weight  of  alcohol  =  Hi2  C*  02  consist  of 

74-88                             of  hydrogen  =  H12 

305-76                             of  carbon  =  C4 

200-00                            of  oxygen  =  O2 

If  we  combine  with  this  mixture,  400  parts  of  oxygen  =  04,  we  have, — 

of  water            =         337-44  =        He  03 

acetic  acid     =         643-20  =        Hs  C4  03 

Hence,  in  this  formation  of  vinegar,  100  parts  by  weight  of  alcohol  take  68-89  parts  of 
oxygen;  and  there  are  produced  58-11  parts  of  water,  and  110-78  of  acetic  acid. 

These  beautiful  experiments  prove,  that  when  in  a  mere  mixture  of  alcohol  and  water, 
under  the  influence  of  the  atmospheric  air  and  heat,  some  vinegar  comes  to  be  formed 
after  a  considerable  time,  the  same  formation  of  vinegar  takes  place  in  a  similar,  but 
more  effective,  manner,  when  a  ferment  is  present,  which  acts  here  in  a  somewhat 
analogous  way  to  the  platina  powder  in  the  preceding  case.  Several  azotized  sub- 
stances serve  as  re-agents  towards  the  acetous  fermentation, — such  as  vinegar  ready- 
made,  vinegar-yeast,  or  lees,  barley  bread,  leaven,  beer  barm,  and  similar  vegetable 
matters,  which  contain  gluten.  The  best  and  purest  ferment  is,  however,  vinegar  itself 
With  this  ferment  we  must  conjoin,  as  an  essential  condition  of  acetification,  the  free 
access  of  atmospheric  air. 

It  is  a  well-known  fact,  that  spirituous  liquors,  as  weak  brandy,  wine,  and  beer,  &c., 
may  be  preserved  for  years  in  close  vessels,  without  undergoing  the  acetous  fermentation, 
even  when  they  repose  upon  a  layer  of  lees.  It  is  equally  well  known,  that  these  very 
liquors,  if  they  stand  for  some  time  in  open  vessels,  become  readily  sour,  especially  if  ex- 
posed, also,  to  a  somewhat  high  temperature.  If  we  fill  a  flask  with  common  brandy, 
and  subject  it,  without  a  stopper,  to  the  influence  of  air  and  warmth,  the  contained 
liquor  may,  at  the  end  of  many  weeks,  discover  no  sensible  acidity ;  if  we  add  to  the 
same  brandy  a  ferment,  and  stop  the  flask  air-tight,  everything  will  still  remain  unchang- 
ed ;  but  if  we  leave  a  portion  of  air  in  the  flask,  or  leave  it  uncorked,  vinegar  will  soon 
make  its  appearance  in  the  brandy. 

If  we  investigate  the  nature  of  the  air  which  remains  over  brandy  in  the  act  of  aceti- 
fication, we  shall  find  that  it  consists  entirely  01  carbonic  acid  and  azote,  the  oxygen  being 
absorbed  and  combined  in  the  acetic  acid  and  water  formed. 

Since  this  absorption  of  oxygen  from  the  arr  can  take  place  only  at  the  surface  of 
the  fermenting  liquors,  we  thus  see  the  necessity  and  the  practical  importance  of  ampli- 
fying that  surface,  in  order  to  accelerate  and  complete  the  acetification  by  multiplying  the 
points  of  contact  between  the  alcohol  and  the  oxygen.  The  essence  of  the  new  German 
method  of  rapid  acetification  depends  upon  this  principle. 

Temperature  has  also  a  remarkable  influence  on  the  formation  of  vinegar.  The  acid 
fermentation  proceeds  very  feebly  in  the  cold,  but  takes  an  accelerated  pace  as  the  heat 
is  raised.  It  would  even  appear  that  spirituous  vapors  brought  by  themselves  in  con- 
tact with  atmospheric  air,  without  the  aid  of  any  ferment,  are  capable  of  being  converted 
into  acetic  acid,  since  it  has  happened  in  the  rectification  of  brandy,  in  a  still  furnished 
with  a  large  capital  and  adopter  pipe  into  which  air  was  allowed  to  enter,  that  vinegar 
made  its  appearance.  Hence,  wannth  does  not  seem  to  act  as  a  promoter  of  the  combi- 
nation of  alcohol  with  oxygen  in  a  merely  chemical  point  of  view,  but  it  acts,  so  to  speak, 
physically.  Over  the  warm  liquor  a  stratum  of  spirit  vapor  appears  to  float,  which, 
coming  ihere  into  conflict  with  the  atmospherical  oxygen,  probably  causes  the  generation 
of  some  acetic  acid,  and  thus  accelerates  the  operation,  much  more  than  by  the  mere 
contact  of  the  oxygen  with  the  liquid  surface. 

When  we  expose  any  spirituous  liquors,  as  wine,  beer,  &c.,  with  the  requisite 
ferment,  to  the  external  air,  at  a  temperature  of  from  64°  to  68°  Fahr.,  the  fluid,  how- 
ever clear  before,  becomes  soon  turbid ;  filamentous  slimy  particles  begin  to  appear 
moving  in  the  middle  and  on  the  sides  of  the  vessel,  and  then  form  a  scum  on  the  top  of 
the  liquor.  When  this  scum  has  acquired  a  certain  thickness  and  consistence,  it  falls  in 
a  sediment  to  the  bottom.  The  Germans  call  it  the  vinegar  mother,  as  it  serves  to  excite 
acetification  in  fresh  liquors.     Meanwhile,  the  liquor  has  become  warmer  than  the  sur 
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rounding  air,  and  the  vinegar  process  betrays  itself  by  diffusing  a  peculiar  aroma  in  the 
apartment.  Whenever  all  the  alcohol  present  has  been  converted  into  acetic  acid,  the 
liquor  comes  into  a  state  of  repose  ;  its  temperature  sinks  to  the  pitch  of  the  atmosphere ; 
it  becomes  bright,  and  is  the  article  well  known  by  its  taste  and  smell  under  the  name 
of  vinegar. 

Genuine  wine  or  raisin  vinegar  differs  from  that  formed  either  from  apples,  or  sugar, 
beer,  &c.,  in  containing  wine-stone  or  tartar ;  by  which  peculiarity  it  may  be  distinguish- 
ed, except  in  those  cases  where  crude  tartar  has  been  artificially  added  to  the  other 
vinegars,  as  a  disguise.  Barley -malt  vinegar  contains  some  phosphoric  acid,  in  ihe  state 
of  phosphate  of  lime  or  magnesia,  derived  from  the  grain. 

After  ihese  general  observations  upon  acetification,  we  shall  now  proceed  to  describe 
the  process  for  manufacturing  vinegar  on  the  commercial  scale. 

1.  Wine  vinegar. — The  first  consideration  with  a  vinegar-maker  is  a  good  fermenting 
room,  in  which  the  wines  may  be  exposed  to  a  steady  temperature,  with  an  adequate 
rupply  of  atmospherical  air.  As  this  air  is  soon  deprived  of  its  oxygenous  constituent, 
facilities  ought  to  be  provided  for  a  renewal  of  it  by  moderate  ventilation.  The  air- 
holes for  this  purpose  ought  to  be  so  contrived  that  they  may  be  shut  up  when  the 
temperature  begins  to  fall  too  low,  or  in  windy  weather.  The  best  mode  of  com- 
municating the  proper  warmth  to  a  chamber  of  this  kind  is  by  means  of  fire-flues  or  hot 
water  pipes,  running  along  its  floor  at  the  sides  and  ends,  as  in  a  hot -house  ;  the  fireplace 
being  on  the  outside,  so  that  no  dust  may  be  created  by  it  within.  The  flue  is  best  made 
of  bricks,  and  may  have  a  cross  section  of  10  or  12  inches  by  15  deep.  The  soot  deposited, 
even  when  coals  are  burned,  will  find  ample  space  in  the  bottom  of  the  flue,  without 
interfering  essentially  with  the  draught,  for  a  very  long  period,  if  it  be  made  of  the 
above  dimensions.  Low-roofed  apartments  are  preferable  to  high  ones ;  and  those  built 
with  thick  walls,  of  imperfectly  conducting  materials,  such  as  bricks,  lined  with  lath 
and  plaster  work.  Should  the  chamber,  however,  have  a  high  ceiling,  the  fermenting 
tuns  must  be  raised  to  a  suitable  height  on  scaffolding,  so  as  to  benefit  by  the  warmest 
ail'.  Sometimes  the  vinegar  vessels  are  placed  at  different  levels  ;  in  which  case  the  up- 
per ones  acetify  their  contents  much  sooner  than  the  under,  unless  they  are  emptied  and 
filled  alternately,  which  is  a  good  plan. 

Orleans  is  the  place  most  famous  for  vinegars.  The  building  there  destined  to  their 
manufacture  is  called  a  vinaigrerie,  and  is  placed,  indifferently,  either  on  the  ground  floor 
or  the  floor  above  it;  but  it  has  always  a  southern  exposure,  to  receive  the  influence 
of  the  sunbeams.  The  vessels  employed  for  carrying  on  the  fermentation  are  casks, 
called  mothers.  Formerly  they  were  of  a  large  capacity,  containing  about  460  litres 
(150  gallons,  Eng.) ;  but  at  the  present  day  they  are  barrels  of  half  that  capacity,  or 
somewhat  less  than  an  old  English  hogshead.  It  is  now  known  that  the  wine  passes 
sooner  into  vinegar  the  smaller  the  mass  operated  upon,  the  more  extensive  its  contact 
with  the  air,  and  the  more  genial  its  warmth.  These  casks  were  formerly  arranged  in 
three  ranks  by  means  of  massive  scaffolding ;  they  are  now  set  in  four  ranks,  but  they 
rest  on  much  smaller  rafters,  sustained  by  uprights,  and  can  be  packed  closer  together. 
The  casks,  which  are  laid  horizontally,  are  pierced  at  the  upper  surface  of  their  front  end 
with  two  holes:  one,  to  which  the  name  of  eye  is  given,  is  two  inches  in  diameter;  it 
serves  for  putting  in  the  charge,  and  drawing  off  the  vinegar  when  it  is  made ;  the  other 
hole  is  much  smaller,  and  is  placed  immediately  alongside ;  it  is  merely  an  air-hole,  and 
is  necessary  to  allow  the  air  to  escape,  because  the  funnel  completely  fills  the  other  hole 
in  the  act  of  filling  the  cask. 

When  new  vessels  are  mounted  in  a  vinegar  work,  they  must  be  one  third  filled  with 
the  best  vinegar  that  can  be  procured,  which  becomes  the  true  mother  of  the  vinegar 
to  be  made ;  because  it  is  upon  this  portion  that  the  wine  to  be  acidified  is  successively 
added.  At  the  ordinary  rate  of  work,  they  put  at  first  upon  the  mother,  which  occupies 
one  third  of  the  vessel,  a  broc  of  ten  litres  of  red  or  white  wine ;  eight  days  afterwards 
they  add  a  second  broc  ;  then  a  third,  and  a  fourth,  always  observing  the  same  interval  of 
time,  8  days.  After  this  last  charge,  they  draw  off  about  forty  litres  of  vinegar,  and  then 
recommence  the  successive  additions. 

It  is  necessary  that  the  vessel  be  always  one  third  empty  if  we  wish  the  acetification 
to  go  on  steadily ;  but  as  a  portion  of  the  tartar  and  the  lees  forms  and  accumulate?  in 
the  lower  part  of  the  cask,  so  as  eventually  to  counteract  the  fermentation,  the  time  ar- 
rives whpn  it  is  requisite  to  interrupt  it,  in  order  to  remove  this  residuum,  by  clearing  out 
all  the  contents.  The  whole  materials  must  be  renovated  every  10  years;  but  the  casks, 
if  well  made  and  repaired,  will  serve  for  25  years. 

We  have  mentioned  a  definite  period  at  which  the  vinegar  maybe  drawn  off;  but  that 
was  on  the  supposition  that  the  process  had  all  the  success  we  could  wish ;  there  are 
circumstances,  difficult  to  appreciate,  which  modify  its  progress,  as  we  shall  presently 
show.    We  ought,  therefore,  before  discharging  the  vinegar,  to  test  and  see  ff  the  fer 
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mentation  has  been  complete.  We  proceed  as  follows :  we  plunge  into  the  iquor  a 
wkite  stick  or  rod,  bent  at  one  end,  and  then  draw  it  out  in  a  horizontal  direction  :  if  it 
be  covered  with  a  white  thick  froth,  to  which  is  given  the  name  of  work  (travail),  we 
judge  that  the  operation  is  terminated ;  but  if  the  work,  instead  of  being  white  and 
pearlj',  be  red,  the  manufacturers  regard  the  fermentation  to  be  unfinished,  and  they 
endeavor  to  make  it  advance,  by  adding  fresh  wine,  or  by  increasing  the  heat  of  the 
apartment. 

It  is  not  always  easy  to  explain  why  the  fermentation  does  not  go  on  as  rapidly  in  one 
case  as  in  another.  There  are  even  certain  things  which  seem  at  present  to  be  entirely 
inexplicable.  Ii  happens  sometimes,  for  example,  that  although  all  the  vessels  have  been 
equally  charged,  and  with  the  same  wine,  yet  the  fermentation  does  not  form  in  the  same 
manner  in  the  whole;  it  will  move  rapidly  in  some,  be  languid,  or  altogether  inert, 
in  others.  This  is  a  very  puzzling  anomaly ;  which  has  been  ascribed  to  electrical  and 
other  obscure  causes,  because  it  is  not  owing  to  want  of  heat,  the  casks  in  the  warmest 
positions  being  frequently  in  fault ;  nor  to  the  timber  of  the  cask.  It,  liowever,  para- 
lyzes the  process  so  completely  that  the  most  expert  vinegar  makers  have  nothing  else 
for  it,  when  this  accident  happens,  than  to  empty  entirely  what  they  call  the  lazy  cask, 
and  to  fill  it  with  their  best  vinegar.  The  fermentation  now  begins,  and  proceeds  as  well 
in  it  as  in  the  others.     See  Fermentation. 

We  must  here  make  an  important  remark,  relatively  to  the  temperature  which  should 
prevail  in  the  fermentation  room.  In  many  chemical  works  we  find  it  stated,  that  the 
heat  should  not  exceed  18°  R.,  or  65°  Fahr.,  for  fear  of  obtaining  bad  products.  But 
the  vinegar  makers  constantly  keep  up  the  heat  at  from  24°  to  25°  R.,  75°  to  77°  F. ; 
when  the  acetification  advances  much  more  rapidly,  and  the  vinegar  is  equally  strong. 
The  best  proof  of  this  heat  not  being  too  high  is,  that  under  it,  the  vessels  in  the  upper 
part  of  the  room,  work  best  and  quickest.  In  Orleans,  cast-iron  stoves  and  wood  fuel 
are  used  for  communicating  the  requisite  warmth. 

Before  pouring  the  wine  into  the  mothers,  it  i-s  clarified  in  the  following  manner. 
There  are  tuns  which  can  contain  from  12  to  15  pieces  of  wine.  Their  upper  end  has  at 
its  centre  an  opening  of  four  or  five  inches  diameter,  which  may  be  closed  after- 
wards with  a  wooden  cover ;  this  opening  is  for  the  purpose  of  receiving  a  large  funnel. 
The  inside  of  the  tun  is  filled  with  chips  of  beechwood,  well  pressed  down.  The  wine 
is  poured  upon  these  chips,  allowed  to  remain  for  some  time,  and  then  gently  drawn  off 
by  a  pipe  in  the  lower  part  of  the  vessel.  The  lees  are  deposited  upon  the  chips,  and 
the  wine  runs  oflf  quite  clear.  However,  it  happens  sometimes,  notwithstanding  this 
precaution,  that  the  vinegar,  after  it  is  made,  requires  to  be  clarified,  more  particularly  if 
the  wine  employed  had  been  weak.  The  vinegar  must  be  filtered  in  the  same  way  ;  and 
it  derives  an  advantage  from  it,  as  the  products  of  different  casks  get  thereby  mixed  and 
made  uniform. 

By  this  Orleans  method  several  weeks  elapse  before  the  acetification  is  finished  ;  but  a 
plan  has  been  lately  devised  in  Germany  to  quicken  greatly  the  acid  fermentation  by  pe- 
culiar constructions.  This  system  is  called,  the  quick  vinegar  work,  because  it  will  com 
plete  the  process  in  the  course  of  2  or  3  days,  or  even  in  a  shorter  time.  It  depends, 
chiefly,  upon  the  peculiar  construction  of  the  fermenting  vessels,  whereby  the  vinous 
liquor  is  exposed  on  a  vastly  expanded  surface  to  the  action  of  the  atmospheric  air. 

An  oaken  tub,  somewhat  narrower  at  the  bottom  than  the  top,  from  6  to  7  feet  high 
and  3  feet  in  diameter,  is  furnished  with  a  well-fitted  grooved,  but  loose,  cover.  About 
half  a  foot  from  its  mouth,  the  tub  has  a  strong  oak  or  beech  hoop  fitted  to  its  inside 
surface,  sufficiently  firm  to  support  a  second  cover,  also  well  fitted,  but  moveable.  The 
space  under  this  second  cover  is  destined  to  contain  the  vinous  liquor,  and  in  order  to 
bring  it  very  amply  into  contact  with  the  atmosphere,  the  following  contrivances  have 
been  resorted  to :  This  cover  is  perforated,  like  a  sieve,  with  small  holes  of  from  1  to  2 
lines  in  diameter,  and  about  IJ  inch  apart.  Through  each  of  these  holes  a  wick  of  pack- 
thread or  cotton  is  drawn,  about  6  inches  long,  which  is  prevented  from  falling  through 
by  a  knot  on  its  upper  end,  while  its  under  part  hangs  free  in  the  lower  space.  The 
wicks  must  be  just  so  thick  as  to  allow  of  the  liquor  poured  above  the  cover  passing 
through  the  holes  in  drops.  The  edges  of  the  lid  must  be  packed  with  tow  or  hemp  to 
prevent  the  liquor  running  down  through  the  interval. 

The  whole  lower  compartment  is  now  to  be  filled  with  chips  of  beechwood  up  to 
nearly  the  perforated  cover.  The  liquor,  as  it  trickles  through  the  holes,  diffuses  itself 
over  the  chips,  and,  sinking  slowly,  collects  at  the  bottom  of  the  tub.  The  chips  should 
be  prepared  for  this  purpose  by  being  repeatedly  scalded  in  boiling  water,  then  dried, 
and  imbued  with  hot  vinegar.  The  same  measures  may  also  be  adopted  for  the  tub. 
To  provide  for  the  renewal  of  the  air,  the  tub  is  perforated  at  about  a  foot  froni  its 
bottom  with  eight  holes,  set  equally  apart  round  the  circumference,  two  thirds  of  an  inch 
wide,  and  sloping  down,  through  which  the  air  may  enter  into  this  lower  compartment, 
without  the  trickling  liquor  being  allowed  to  flow  out.  In  order  that  the  foul  air  which  has 
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become  useless  may  escape,  four  large  holes  are  pierced  in  the  sieve  cover,  at  equal  distan- 
ces asunder  and  from  the  centre,  whose  united  areas  are  rather  smaller  than  the  total 
areas  of  the  holes  in  the  side  of  the  tub.  Into  these  four  holes  open  glass  tubes  must  be 
inserted,  so  as  to  stand  some  inches  above  the  cover,  and  to  prevent  any  of  the  liquor 
from  running  through  them.  The  proper  circulation  of  the  air  takes  place  through  theso 
draught  holes.  This  air  may  afterwards  pass  oif  through  a  hole  of  2|  inches  diameter 
in  the  uppermost  cover,  in  which  a  funnel  is  placed  for  the  supply  of  liquor  as  it  is  want- 
ed to  keep  up  the  percolation. 

The  temperature  of  the  fermenting  compartment  is  ascertained  by  means  of  a  thermo- 
meter, whose  bulb  is  inserted  in  a  hole  through  its  side,  and  fastened  by  a  perforated 
cork.  The  liquor  collected  in  the  under  vessel  runs  off  by  a  syphon  inserted  near  its 
bottom,  the  leg  of  which  turns  up  to  nearly  the  level  of  the  ventilating  air  pipes  before  it 
is  bent  outwards  and  downwards.  Thus  the  liquor  will  begin  to  ilow  out  of  the  under 
compartment  only  when  it  stands  in  it  a  little  below  the  sieve  cover,  and  then  it  will  run 
slowly  off  at  the  inclined  mouth  of  the  syphon,  at  a  level  of  about  3  inches  below  the 
lower  end  of  the  glass  tubes.  There  is  a  vessel  placed  below,  upon  the  ground,  to  re- 
ceive it.  The  tub  itself  is  supported  upon  a  wooden  frame,  or  a  pier  of  brickwork,  a 
foot  or  18  inches  high. 

A  tub  constructed  like  the  above  is  called  a  graduation  vessel,  which  see.  It  is  work- 
ed in  the  following  way : — The  vinegar  room  must  be,  in  the  first  place,  heated  to  from 
100°  to  110°  F.,  or  till  the  thermometer  in  the  graduation  vessel  indicates  at  least  77°. 
The  heat  may  then  be  modified.  We  now  pour  through  the  uppermost  cover  of  the  tub 
a  mixture,  warmed  to  144°  F.,  of  8  parts  proof  spirits,  25  parts  soft  water,  15  parts  of 
good  vinegar,  and  as  much  clear  wine  or  beer.  The  water  should  be  first  heated,  and 
then  the  vinegar,  spirits,  and  wine  may  be  added  to  it.  Of  this  mixture,  so  much  should 
be  poured  in  as  is  necessary  to  cover  over  the  second  lid,  2  or  3  inches  deep,  with  the 
liquor ;  after  which,  the  rest  may  be  poured  slowly  in,  as  it  is  wanted. 

When  the  liquor  has  run  for  the  first  time  through  the  graduation  vessel,  it  is  not  yet 
sufficiently  acidified ;  but  the  weak  vinegar  collected  in  the  exterior  receiving  cistern 
must  be  a  second  time,  and,  if  need  be,  a  third  time,  passed  through  the  graduation  tub, 
in  order  to  convert  all  the  alcohol  into  acetic  acid.  In  general,  we  may  remark,  that 
the  stronger  the  vinous  liquor  the  more  difficult  and  tedious  is  its  conversion  into 
vinegar,  but  it  is  so  much  the  stronger.  To  lessen  this  difficulty  somewhat,  it  would  be 
well  not  to  put  all  the  spirits  at  first  into  the  wash,  or  mixed  liquors,  but  to  add  a  little 
more  of  it  at  the  second  and  the  third  running,  especially  when  we  desire  to  have  very 
strong  vinegar. 

After  the  graduation  vessel  has  been  some  days  at  work,  it  is  no  longer  necessary  to 
add  vinegar  to  the  mixture  of  spirits  and  water,  since  the  sides  of  the  graduation  tub,  the 
beech  chips,  and  the  packthreads,  are  all  impregnated  with  the  ferment,  and  supply  its 
place.     The  mixture  must,  however,  be  always  maintained  at  the  temperature  of  100°. 

Instead  of  the  above  mixture  of  brandy,  water,  and  wine,  we  may  employ,  according  to 
Dingier,  a  clear  fermented  wort  of  malt,  mixed  with  a  little  spirits.  The  perfect  vinegar, 
which  collects  in  the  receiving  cistern,  may  be  immediately  racked  off  into  the  store 
casks  for  sale. 

It  has  been  objected  to  this  process,  that,  in  consequence  of  the  mixture  of  saccharine 
and  glutinous  materials,  which  are  contained  in  beer  or  worts,  ahmg  with  the  acetous 
fermentation,  there  is  also,  partially,  a  vinous  fermentation,  and  much  carbonic  acid, 
thereby  disengaged,  so  as  to  obstruct  the  acetification.  This  obstruction  may  be  reme- 
died by  a  freer  circulation  of  air,  or  by  the  exposure  of  quicklime  in  the  chamber.  It  is 
a  more  substantial  objection,  that,  from  the  addition  of  beer,  &c.,  more  lees,  or  dregs, 
are  deposited  in  the  graduation  tub,  whereby  a  more  frequent  cleansing  of  it,  and  of  the 
beech  chips,  with  a  loss  of  time  and  vinegar,  becomes  necessary.  The  only  mode  of  ob- 
viating this  difficulty  is,  to  take  well-clarified  fermented  wash. 

Another  evil  attendant  on  the  quick  process  is,  the  evaporation  of  the  spirituous 
liquors.  Since,  in  the  graduation  tub,  there  is  a  temperature  of  110°,  it  is  impossible  to 
avoid  a  loss  of  spirit  from  the  circulation  and  efflux  of  the  air.  The  air,  indeed,  that 
issues  from  the  top  hole  in  the  uppermost  cover,  might  be  conducted  over  an  extensive 
surface  of  fresh  water,  where  its  spirit  would  be  condensed  in  a  great  measure.  But, 
after  all,  this  fear  of  great  loss  is,  I  believe,  groundless;  because  the  spirit  is  rapidly 
acidified  by  the  oxygen  of  the  air,  and  thereby  rapidly  loses  its  volatility. 

The  supply  of  the  warm  wash  should  be  drawn  from  a  cistern  placed  near  the  ceiling, 
where  the  temperature  of  the  apartment  is  hottest ;  and  it  may  be  replenished  from  the 
partly  acetified  liquor  in  the  cistern  on  the  floor.  With  this  view,  two  cisterns  should 
be  placed  above,  so  that  one  of  them  may  always  contain  liquor  sufficiently  hot,  and  thus 
the  process  will  suffer  no  interruption. 

When  mall  wash  is  used  for  this  quick  process,  the  resulting  vinegar  must  be  clarified 
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in  a  tun  with  beech  chips,  as  above  described.     In  two  or  three  days  the  impurities  will 
be  deposited,  and  the  fine  vinegar  may  be  racked  off. 

The  following  prescription,  for  preparing  what  he  caUs  malt  wine,  is  given  by  Ur. 
Kastner.  Eighty  pounds  of  pale  barley  malt,  and  40  pounds  of  pale  wheat  malt,  are  to 
be  crushed  together.  These  120  pounds  are  to  be  infused  with  150  quarts  of  water,  at 
the  temperature  of  122°  Fahr.,  afterwards  with  300  quarts  of  boiling  water,  and  the 
whole  body  is  to  be  mashed  thoroughly,  till  all  the  lumps  disappear.  It  is  then  to  be 
left  at  rest  in  a  large  covered  tub,  for  two  or  three  hours,  to  allow  the  grains  to  settle 
down,  from  which  the  wort  is  to  be  drawn  off.  When  it  has  fallen  to  the  temperature 
of  64°  Fahr.,  15  pounds  of  good  yeast  are  to  be  stirred  in,  and  U  must  now  be  left  for 
two  or  three  days  to  ferment,  in  a  loosely  covered  tun.  When  the  vinous  fermentation 
has  taken  place,  the  clear  liquor  must  be  drawn  off  by  a  tap  hole,  a  little  above  tlie  bot- 
tom, so  as  to  leave  the  lees  and  scum  in  the  tun.  This  malt  wine,  he  adds,  may  be  kept 
for  a  long  time  in  close  vessels,  and  is  always  ready  for  making  quick  vinegar. 

2.  Malt  Vinegar. — The  greater  part  of  British  vinegar  is  made  from  malt,  oy  the 
following  process  : — 1  boll  of  good  barley  malt,  properly  crushed,  is  to  be  mashed  with 
water  at  160°  Fahr.  The  first  water  should  have  that  temperature  ;  the  second  must  be 
hotter  than  160°,  and  the  third  waier.  for  the  extraction  of  all  the  soluble  matter,  may 
be  boiling  hot.  Upon  the  whole,  not  more  than  100  gallons  of  wort  should  be  extracted. 
After  the  liquor  has  cooled  to  75°  Fahr.,  3  or  4  gallons  of  beer  yeast  are  poured  in,  and 
well  mixed  with  a  proper  stirrer.  In  36  or  40  hours,  according  to  the  temperature  oi 
the  air,  and  the  fermenting  quality  of  the  wash,  it  is  racked  off  into  casks,  which  are 
laid  upon  their  sides  in  the  fermenting  apartment  of  the  vinegar  work,  which  should  be 
kept  at  a  temperature  of  70°  at  least ;  in  summer  partly  by  the  heat  of  tlie  sun,  but  in 
general  by  the  agency  of  proper  stoves,  as  above  described.  The  bung-holes  should  be 
left  open,  and  the  casks  should  not  be  full,  in  order  that  the  air  may  act  over  an  exten- 
sive surface  of  the  liquor.  It  would  be  proper  to  secure  a  freer  circulation  to  the  air,  by 
boring  a  hole  in  each  end  of  the  cask,  near  its  upper  edge.  As  the  liquor,  by  evapora- 
tion, would  be  generally  a  few  degrees  colder  than  the  air  of  the  apartment,  a  circulation 
of  air  would  be  established  in  at  the  bung-hole,  and  out  by  the  end  holes.  By  the  ordi- 
nary methods,  three  months  are  required  to  make  this  vinegar  marketable,  or  fit  for  the 
manufacture  of  sugar  of  lead. 

In  making  vinegar  for  domestic  purposes,  the  casks  are  usually  set  on  their  ends ;  ana 
they  have,  sometimes,  a  false  bottom,  pierced  with  holes,  placed  about  a  foot  above  the 
true  one.  On  this  bottom,  a  quantity  of  rape,  or  the  refuse  raisins,  &c.  from  the  making 
of  British  wines,  is  laid.  The  malt  liquor  has  a  proper  quantity  of  yeast  .idded  to  it.  In 
about  24  hours  it  becomes  warm,  and  is  then  racked  off  into  another  similar  cask.  After 
some  time,  this  racking  process  is  discontinued,  and  the  vinegar  is  allowed  to  complete 
its  fermentation  quietly.  The  proper  temperature  must  always  be  kept  up,  by  placing 
the  cask  in  a  warm  situation.  A  Little  wine-stone  (argal)  added  to  the  malt  wash,  would 
make  the  vinegar  liker  that  made  from  wine.  Sometimes  a  little  isinglass  is  employed 
to  clarify  vinegar.     A  portion  of  sulphuric  acid  is  often  added  to  it. 

3.  Sugar  Vinegar. — By  pursuing  the  following  plan,  an  excellent  sugar  vinegar  may 
be  made.  In  158  quarts  of  boiling  water  dissolve  10  pounds  of  sugar,  and  6  pounds  ot 
wine-stone;  put  the  solution  into  a  fermenting  cask,  and  when  it  is  cooled  to  the  tem- 
perature of  from  75°  to  80°,  add  4  quarts  of  beer  yeast  to  it.  Stir  the  mixture  well,  then 
cover  the  vessel  looseh',  and  expose  it  for  6  or  8  days  to  the  vinous  fermentation,  at  a 
temperature  of  from  70°  to  75°  Fahr.  When  it  has  become  clear,  draw  off  the  vinous 
liquor,  and  either  acetify  it  in  the  graduation  tub  above  described,  or  by  the  common 
vinegar  process.  Before  it  is  finished,  we  should  add  to  it  12  quarts  of  strong  spirits 
(brandy),  and  15  quarts  of  good  vinegar,  to  complete  the  acetous  fermentation.  With  a 
graduation  tub  which  has  been  used,  this  addition  of  vinegar  is  unnecessary. 

The  following  simpler  prescription  for  making  sugar  vinegar  deserves  attention.  For 
every  gallon  of  hot  water  take  18  ounces  of  sugar;  and  when  the  sirup  has  cooled  to 
75°,  add  4  per  cent.,  by  measure,  of  yeast.  When  the  vinous  fermentation  is  pretty  well 
advanced,  in  the  course  of  2  or  3  days,  rack  off  the  clear  wash  from  the  lees  into  a  proper 
cask,  and  add  1  ounce  of  wine-stone,  and  1  of  crushed  raisins,  for  every  gallon  of  \\ater. 
Expose  it  in  a  proper  manner,  and  for  a  proper  time,  to  the  acetifying  process ;  and  then 
rack  off  the  vinegar,  and  fine  it  upon  beech  chips.  It  should  be  afterwards  put  into 
bottles,  which  are  to  be  well  corked. 

Vinegar  obtained  by  the  preceding  methods  has  always  a  yellowish  or  brownish 
color.  It  may  be  rendered  colorless  by  distillation.  For  nicer  chemical  purposes, 
this  is  done  in  a  glass  retort ;  but  on  a  large  scale,  it  is  usually  performed  in  a  clean 
copper  still,  furnished  with  a  capital  and  worm-refrigerator^-,  either  of  silver  or  block 
tin.  It  is  volatile  at  the  boiling  temperature  of  water ;  and  if  the  process  be  carried  on 
briskly,  it  wiU  not  sensibly  corrode  the  copper.  But  we  can  never  obtain,  in  this  way, 
a  strong  article ;  for,  as  soon  as  the  vinegar  gets  concentrated  to  a  certain  degree,  we 
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Fig.  1. 


cannot  force  off  the  remainder  by  heat,  for  fear  of  giving  it  an  empyreumatic  odor ;  be- 
cause the  gluten,  coloring  matter,  &c.  begin  to  adhere  to  the  bottom  of  the  still.  We 
are  therefore,  obliged  to  suspend  the  operation  at  the  very  time  when  the  acid  is  acqui- 
rin°  strength.  It  has  been  also  proposed  to  concentrate  vinegar  by  the  process  of  con- 
gelation ;  but  much  of  it  remains  entangled  among  the  frozen  water ;  and  common  dis- 
tilled vinegar  is  so  weak,  that  it  congeals  in  one  mass. 

Before  the  process  for  pyroligneous  acid,  or  wood  vinegar,  was  known,  there  was  only 
one  method  of  obtaining  strong  vinegar  practised  by  chemists ;  and  it  is  still  followed  by 
some  operators,  to  prepare  what  is  called  radical  or  aromatic  vinegar.  This  consists  in 
decomposing,  by  heat  alone,  the  crystallized  binacetate  of  copper,  commonly,  but  impro- 
perly, called  distilled  verdigris.     With  this  view,  we  take  a  stoneware  retort  {fig.  1), 

of  a  size  suited  to  the 
quantity  we  wish  to  oper- 
ate upon ;  and  coat  it  with 
a  mixture  of  fire  clay  and 
horsedung,  to  make  it 
stand  the  heat  better. 
When  this  coating  is  dry, 
we  introduce  into  the  re- 
tort the  crystallized  ace- 
tate slightly  bruised,  but 
very  dry ;  we  fill  it  as  far 
as  it  will  hold  without 
spilling  when  the  beak  is  considerably  inclined.  We  then  set  it  in  a  proper  furnace. 
We  attach  to  its  neck  an  adopter  pipe,  and  two  or  three  globes  with  opposite  tubu- 
lures,  and  a  last  globe  with  a  vertical  tubulure.  The  apparatus  is  terminated  by  a 
Welter's  tube,  with  a  double  branch ;  the  shorter  issues  from  the  last  globe,  and  the 
other  dips  into  a  flask  filled  with  distilled  vinegar.  Everything  being  thus  arranged, 
we  lute  the  joinings  with  a  putty  made  of  pipeclay  and  linseed  oil,  and  cover  them  with 
glue  paper.  Each  globe  is  placed  in  a  separate  basin  of  cold  water,  or  the  whole  may 
be  put  into  an  oblong  trough,  through  which  a  constant  stream  of  cold  water  is  made  to 
flow.  The  tubes  must  be  allowed  a  day  to  dry.  Next  day  we  proceed  to  the  distilla- 
tion, tempering  the  heat  very  nicely  at  the  beginning,  and  increasing  it  by  very  slow 
degrees  till  we  see  the  drops  follow  each  other  pretty  rapidly  from  the  neck  of  the  retort, 
or  the  end  of  the  adopter  tube.  The  vapors  which  pass  over  are  very  hot,  whence  a  se- 
ries of  globes  are  necessary  to  condense  them.  We  should  renew,  from  time  to  time,  the 
water  of  the  basins,  and  keep  moist  pieces  of  cloth  upon  the  globes;  but  this  demands 
great  care,  especially  if  the  fire  be  a  little  too  brisk,  for  the  vessels  become,  in  that  case, 
so  hot,  that  they  would  infallibly  be  broken,  if  touched  suddenly  with  cold  water.  It  is 
always  easy  for  us  to  regulate  this  operation,  according  to  the  emission  of  gas  from  the 
extremity  of  the  apparatus.  When  the  air  bubbles  succeed  each  other  with  great  ra- 
pidity, we  must  damp  the  fire. 

The  liquor  which  passes  in  the  first  half  hour  is  weakest ;  it  proceeds,  in  some  mea- 
sure, from  a  little  water  sometimes  left  in  the  crystals,  which  when  well  made,  however, 
ought  to  be  anhydrous.  A  period  arrives  towards  the  middle  of  the  process  when  we 
see  the  extremity  of  the  beak  of  the  retort,  and  of  the  adopter,  covered  with  crystals  of  a 
lamellar  or  needle  shape,  and  of  a  pale  green  tint.  By  degrees  these  crystals  are  carri- 
ed into  the  condensed  liquid  by  the  acid  vapors,  and  give  a  color  to  the  product.  These 
crystals  are  merely  some  of  the  cupreous  salt  forced  over  by  the  heat.  As  the  process 
approaches  its  conclusion,  we  find  more  difficulty  in  raising  the  vapors;  and  we  must 
then  augment  the  intensity  of  the  heat,  in  order  to  continue  their  disengagement.  Finally, 
we  judge  that  the  process  is  altogether  finished,  when  the  globes  become  cold,  notwith- 
standing the  furnace  is  at  the  hottest,  and  when  no  more  vapors  are  evolved.  The  fire 
may  then  be  allowed  to  go  out,  and  the  retort  to  cool. 

As  the  acid  thus  obtained  is  slightly  tinged  with  copper,  it  must  be  rectified  before 
bringing  it  into  the  market.  For  this  purpose  we  may  make  use  of  the  same  apparatus, 
only  substituting  for  the  stoneware  retort  a  glass  one,  placed  in  a  sand  bath.  AH  the 
globes  ought  to  be  perfectly  clean  and  dry.  The  distillation  is  to  be  conducted  in  the 
usual  way.  If  we  divide  the  product  into  thirds,  the  first  yields  the  feeblest  acid,  and 
the  third  the  strongest.  We  should  not  push  the  process  quite  to  dryness,  because 
there  remain  in  the  last  portions  certain  impurities,  which  would  injure  the  flavor  ol 
the  acid. 

The  total  acid  thus  obtained  forms  nearly  one  half  of  the  weight  of  the  acetate 
employed,  and  the  residuum  forms  three  tenths ;  so  that  about  two  tenths  of  the  acid 
have  been  decomposed  by  the  heat,  and  are  lost.  As  the  oxyde  of  copper  is  readily 
reduced  to  the  metallic  state,  its  oxygen  goes  to  the  elements  of  one  part  of  the  acid,  and 
forms  water,  which  mingles  with  the  products  of  carbonic  acid,  carbureted  hydrogen,  and 
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carboE  ic  oxyde  gases  which  are  disengaged  :  and  there  remains  in  the  retort  some  char- 
coal mixed  with  metallic  copper.  These  two  combustibles  are  in  such  a  state  of  division, 
that  the  residuum  is  pyrophoric.  Hence  it  often  takes  fire  the  moment  of  its  being  re- 
moved from  the  cold  retort.  The  very  considerable  loss  experienced  in  this  operation 
has  induced  chemists  to  try  different  methods  to  obtain  all  the  acid  contained  in  the  ace- 
tate. Thus,  for  example,  a  certain  addition  of  sulphuric  acid  has  been  prescribed  ;  but, 
besides  that  the  radical  vinegar  obtained  in  this  way,  always  contains  sulphurous  acid, 
from  which  it  is  difficult  to  free  it,  it  is  thereby  deprived  of  that  spirit  called  the  pyro- 
acetic,  which  tempers  the  sharpness  of  its  smell,  and  gives  an  agreeable  aroma.  It  is  to 
be  presumed,  therefore,  that  the  preceding  process  will  continue  to  be  preferred  for  mak- 
ing aromatic  vinegar.  Its  odor  is  often  further  modified  by  essential  oils,  such  as  those 
of  rosemary,  lavender,  &c. 

4.  Pyroligneous  ^cid,  or  Wood  Vinegar. — The  process  for  making  this  acid  is  founded 
upon  the  general  property  of  heat,  to  separate  the  elements  of  vegetable  substances,  and 
to  unite  them  anew  in  another  order,  with  the  production  of  compounds  which  did  not 
exist  in  the  bodies  subjected  to  its  action.  The  respective  proportion  of  these  products 
varies,  not  only  in  the  difierent  substances,  but  also  in  the  same  substance,  according  as 
the  degi-ee  of  heat  has  been  greater  or  less,  or  conducted  with  more  or  less  skill.  When 
we  distil  a  vegetable  body  in  a  close  vessel,  we  obtain  at  first  the  included  water,  or  that 
of  vegetation ;  there  is  next  formed  another  portion  of  water,  at  the  expense  of  the  oxy- 
gen and  hydrogen  of  the  body ;  a  proportional  quantity  of  charcoal  is  set  free,  and,  with 
the  successive  increase  of  the  heat,  a  small  portion  of  charcoal  combines  with  the  oxygen 
and  hydrogen  to  form  acetic  acid.  This  was  considered,  for  some  time,  as  a  peculiar  acid, 
and  was  accordingly  called  pyroligveoits  acid.  As  the  proportion  of  carbon  becomes 
preponderant,  it  combines  with  the  other  principles,  and  then  some  empyreumatic  oil  is 
volatilized,  of  little  color,  but  which  becomes  thicker,  and  of  a  darker  tint,  always  getting 
more  loaded  with  carbon. 

Several  elastic  fluids  accompany  these  different  products.  Carbonic  acid  comes  over, 
but  in  small  quantity,  much  carburreted  hydrogen,  and,  towards  the  end,  a  considerable 
proportion  of  carbonic  oxyde.  The  remainder  of  the  charcoal,  which  could  not  be  carried 
off  in  these  several  combinations,  is  found  in  the  retort,  and  preserves,  usually,  the  form 
of  the  vegetable  body  which  furnished  it.  Since  mankind  have  begun  to  reason  on  the 
difierent  operations  of  the  arts,  and  to  raise  them  to  a  level  with  scientific  researches, 
they  have  introduced  into  several  branches  of  manufacture  a  multitude  of  improvements, 
of  which,  formerly,  they  would  hardly  have  deemed  them  susceptible.  Thus,  in  particu- 
lar, the  process  for  carbonizing  wood  has  been  singularly  meliorated,  and  in  reference  to 
the  preceding  observations,  advantage  has  been  derived  from  several  products  that  for- 
merly were  not  even  collected. 

The  apparatus  employed  for  obtaining  crude  vinegarfrom  wood,  by  the  agency  of  heat, 
fig^  2.  are  large  iron  cylinders.     In  this  country  they  are  made 

of  cast  iron,  and  are  laid  horizontally  in  the  furnace ;  in 
France,  they  are  made  of  sheet  iron  riveted  together,  and 
they  are  set  upright  in  the  fire.  Fig.  2  will  give  an  ac- 
curate idea  of  the  British  plan,  which  is  much  the  same  as 
that  adopted  for  decomposing  pit  coal  in  gas  works,  only 
that  the  cylinders  for  the  pyroligneous  acid  manufacture  are 
generally  larger,  being  frequently  4  feet  in  diameter,  and 
6  or  8  feet  long,  and  built  horizontally  in  brickwork,  so 
that  the  flame  of  one  furnace  may  play  around  two  of 
them.  It  would  probably  answer  better,  if  their  size  were 
brought  nearer  the  dimensions  of  the  gas-light  retorts,  and 
if  the  whole  system  of  working  them  were  assimilated  to 
that  of  coal  gas. 

The  following  arrangement  is  adopted  in  an  excellent  esta- 
blishment in  Glasgow,  where  the  above  large  cylinders  are 
6  feet  long,  and  both  ends  of  them  project  a  very  little  beyond 
the  brickwork.  One  end  has  a  disc  or  round  plate  of  cast  iron,  well  fitted,  and  firmly  bolted 
to  it,  from  the  centre  of  which  disc  an  iron  tube,  about  6  inches  diameter,  proceeds  and 
enters,  at  a  risrht  angle,  the  main  tube  of  refrigeration.  The  diameter  of  this  tube  may  be 
from  9  to  14  inches,  according  to  the  number  of  cylinders.  The  other  end  of  the  cylinder 
is  called  the  mouth  of  the  retort ;  this  is  closed  by  a  disc  of  iron,  smeared  round  its  edge 
by  clay  lute,  and  secured  in  its  place  by  fir  wedges.  The  charge  of  wood  for  such  a  cylin- 
der is  about  8  cwt.  The  hard  woods — oak,  ash,  birch,  and  beech — are  alone  used ;  fir  does 
not  answer.  The  heat  is  kept  up  during  the  day-time,  and  the  furnace  is  allowed  to  cool 
during  the  night.  Next  morning  the  door  is  opened,  the  charcoal  removed,  and  a  new 
cliarge  of  wood  is  introduced.  The  average  product  of  crude  vinegar  called  pyrolig- 
neous acid,  is  35  gallons.     It  is  much  contaminated  with  tar,  is  of  a  deep  brown  color, 
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and  has  a  sp.  gr.  of  1-025.  Its  total  weight  is  therefore  about  300  lbs.,  but  the  residuary 
charcoal  is  found  to  weigh  no  more  than  one  fifth  of  the  wood  employed ;  hence  nearly 
one  half  of  the  ponderable  matter  of  the  wood  is  dissipated  in  incondensable  gases. 
Count  Rumford  states,  that  the  charcoal  is  equal  in  weight  to  more  than  four  tenths  of 
the  wood  from  which  it  is  made.  The  count's  error  seems  to  have  arisen  from  the  slight 
heat  of  an  oven  to  which  his  wood  was  exposed  in  a  glass  cylinder.  The  result  now 
given,  is  the  experience  of  an  eminent  manufacturing  chemist. 

The  crude  pyroligneous  acid  is  rectified  by  a  second  distillation  in  a  copper  still,  in  the 
body  of  which  about  twenty  gallons  of  viscid  tarry  matter  are  left  from  every  100.  It  has 
now  become  a  transparent  brown  vinegar,  having  a  considerably  empyreumatic  smell, 
and  a  sp.  gr.  of  1-013.  Its  acid  powers  are  superior  to  those  of  the  best  household 
vinegar,  in  the  proportion  of  three  to  two.  By  redistillation,  saturation  with  quick- 
lime, evaporation  of  the  liquid  acetate  to  dryness,  and  conversion  into  acetate  of  soda  by 
sulphate  of  soda,  the  empyreumatic  matter  is  so  completely  dissipated,  that  on  decom- 
posing the  pure  acetate  of  soda  by  sulphuric  acid,  a  perfectly  colorless  and  grateful  vine- 
gar rises  in  distillation.  Its  strength  will  be  proportionable  to  the  concentration  of  the 
decomposing  acid. 

The  acetic  acid  of  the  chemist  may  be  prepared  also  in  the  following  modes  : — 1.  Two 
parts  of  fused  acetate  of  potash,  with  one  of  the  strongest  oil  of  vitriol,  yield,  by  slow 
distillation  from  a  glass  retort  into  a  refrigerated  receiver,  concentrated  acetic  acid.  A 
small  portion  of  sulphurous  acid,  which  contaminates  it,  may  be  removed  by  redistillation 
from  a  little  acetate  of  lead.  2.  Or  four  parts  of  good  sugar  of  lead,  with  one  part  of 
sulphuric  acid,  treated  in  the  same  way,  aflbrd  a  slightly  weaker  acetic  acid.  3.  Gently 
calcined  sulphate  of  iron,  or  green  vitriol,  mixed  with  sugar  of  lead,  in  the  proportion  oi 
I  of  the  former  to  2|  of  the  latter,  or  with  acetate  of  copper,  and  carefully  distilled  from 
a  porcelain  retort  into  a  cool  receiver,  may  be  also  considered  an  economical  process. 
But  that  with  binacetate  of  copper  above  described,  is  preferable  to  any  of  these. 

The  manufacture  of  pyroligneous  acid  is  conducted  in 
the  following  way  in  France.  Into  large  cylindrical 
vessels  (fig.  3)  made  of  riveted  sheet  iron,  and  having 
at  their  top  and  side  a  small  sheet  iron  cylinder,  the  wood 
intended  for  making  charcoal  is  introduced.  To  the 
upper  part  of  this  vessel  a  cover  of  sheet  iron,  b,  is 
adapted,  which  is  fixed  with  bolts.  This  vessel,  thus 
closed,  represents,  as  we  see,  a  vast  retort.  When  it  is 
prepared,  as  we  have  said,  it  is  lifted  by  means  of  a  swing 
crane,  c,  and  placed  in  a  furnace,  d  (Jig.  4),  of  a 
form  relative  to  that  of  the  vessel,  and  the  opening  of  the 
furnace  is  covered  with  a  dome,  e,  made  of  masonry  or 
brickwork.  The  whole  being  thus  arranged,  heat  is  ap- 
plied in  the  furnace  at  the  bottom.  The  moisture  of 
the  wood  is  first  dissipated,  but  by  degrees  the  liquor 
ceases  to  be  transparent,  and  becomes  sooty.  An  adopter 
tube,  A,  is  then  fitted  to  the  lateral  cylinder.  This  adopter 
,^^ ^^       _      _    enters  into  another  tube  at  the  same  degree  of  inclination 

0(T    Tl""^"""*!!      (cJl^^    which  commences  the  condensing  apparatus.     The  means 
^^11  IJ      *^Y^    of  condensation  vary  according  to  the  localities.     In  cer- 

tain works  they  cool  by  means  of  air,  by  making  the 
vapor  pass  through  a  long  series  of  cylinders,  or  some- 
I  times,  even,  through  a  series  of  casks  connected  together ; 
but  most  usually  water  is  used  for  condensing,  when  it 
can  be  easily  procured  in  abundance.     The  most  simple 
apparatus  employed  for  this 
purpose  consists  of  two  cy 
linders,    f,   f  {fig.   4),   the 
one  within   the   oiher,    and 
which  leave   between  them 
a  sufficient  space  to   allow 
a     considerable     body     of 
water  to  circulate  along  and 
cool      the      vapors.       This 
double    cylinder   is   adapted 
to  the  distilling  vessel,  and 
placed  at  a  certain  inclina- 
tion.     To   the    first   double 
tube,   Fj   F,  a   second,   and 
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sometimes  a  third,  entirely  similar,  are  connected,  which,  to  save  space,  return  upon  them- 
selves in  a  zigzag  fashion.  The  water  is  set  in  circulation  by  an  ingenious  means 
now  adopted  in  many  different  manufactories.  From  the  lower  extremity,  g,  of  the 
system  of  condensers,  a  perpendicular  tube  rises,  whose  length  should  be  a  little  more 
than  the  most  elevated  point  of  the  system.  The  water,  furnished  by  a  reservoir,  L, 
enters  by  means  of  the  perpendicular  tube  through  the  lower  part  of  the  system,  and 
fills  the  whole  space  between  the  double  cylinders.  When  the  apparatus  is  in  action, 
the  vapors,  as  they  condense,  raise  the  temperature  of  the  water,  which,  by  the  column 
in  L  G,  is  pressed  to  the  upper  part  of  the  cylinders,  and  runs  over  by  the  spout  k.  To 
this  point  a  very  short  tube  is  attached,  which  is  bent  towards  the  ground,  and  serves  as 
an  overflow. 

The  condensing  apparatus  is  terminated  by  a  conduit  in  bricks  covered  and  sunk  in 
the  ground.  At  the  extremity  of  this  species  of  gutter  is  a  bent  tube,  e,  which  dis- 
charges the  liquid  product  into  the  first  cistern.  When  it  is  full,  it  empties  itself,  by 
means  of  an  overflow  pipe,  into  a  great  reservoir :  the  tube  which  terminates  the  gutter 
plunges  into  the  liquid,  and  thus  intercepts  communication  with  the  inside  of  the  appa- 
ratus. The  disengaged  gas  is  brought  back  by  means  of  pipes  m  l,  from  one  of  the  sides 
of  the  conduit  to  the  under  part  of  the  ash  pit  of  the  furnace.  These  pipes  are  furnish- 
ed with  stopcocks  m,  at  some  distance  in  front  of  the  furnace,  for  the  purpose  of  regula- 
ting the  jet  of  the  gas,  and  interrupting,  at  pleasure,  communication  with  the  inside  of 
the  apparatus.  The  part  of  the  pipes  which  terminates  in  the  furnace  rises  perpendicu- 
larly several  inches  above  the  ground,  and  is  expanded  like  the  rose  of  a  watering  can,  n. 
The  gas,  by  means  of  this  disposition,  can  distribute  itself  uniformly  under  the  vessel,  with- 
out suffering  the  pipe  which  conducts  it  to  be  obstructed  by  the  fuel  or  the  ashes. 

The  temperature  necessary  to  effect  the  carbonization  is  not  considerable :  however,  at 
the  last  it  is  raised  so  high  as  to  make  the  vessels  red  hot ;  and  the  duration  of  the  process 
is  necessarily  proportional  to  the  quantity  of  wood  carbonized.  For  a  vessel  which  shall 
contain  about  5  meters  cube  (nearly  6  cubic  yds.),  8  hours  of  fire  is  sufficient.  It  is 
known  that  the  carbonization  is  complete  by  the  color  of  the  flame  of  the  gas  :  it  is 
first  of  a  yellowish  red ;  it  becomes  afterwards  blue,  when  more  carbonic  oxyde  than 
carbonic  hydrogen  is  evolved ;  and  towards  the  end  it  becomes  entirely  white, —  a  circum- 
stance owing,  probably,  to  the  furnace  being  more  heated  at  this  period,  and  the 
combustion  being  more  complete.  There  is  still  another  means  of  knowing  the  state  of 
the  process,  to  which  recourse  is  more  frequently  had;  that  is  the  cooling  of  the  first 
tubes,  which  are  not  surrounded  with  water  :  a  few  drops  of  this  fluid  are  thrown  upon 
their  surface,  and  if  they  evaporate  quietly,  it  is  judged  that  the  calcination  is  sufficient. 
The  adopter  tube  is  then  unluted,  and  is  slid  into  its  junction  pipe;  the  orifices  are 
immediately  stopped  with  plates  of  iron  and  plaster  loam.  The  brick  cover,  e,  of  the 
furnace  is  first  removed  by  means  of  the  swing  crane,  then  the  cylinder  itself  is  lifted 
out  and  replaced  immediately  by  another  one  previously  charged.  When  the  cylinder 
which  has  been  taken  out  of  the  furnace  is  entirely  cooled,  its  cover  is  removed,  and  the 
charcoal  is  emptied.  Five  cubic  meters  of  wood  furnish  about  7  chaldrons  (voies)  and 
a  half  of  charcoal.  (For  modifications  of  the  wood-vinegar  apparatus,  see  Charcoal 
and  Pyroligneous  Acid.) 

The  different  qualities  of  wood  employed  in  this  operation  give  nearly  similar  pro- 
ducts in  reference  to  the  acid ;  but  this  is  not  the  case  with  the  charcoal,  Ibr  it  is  better 
the  harder  the  wood  ;  and  it  has  been  remarked  that  wood  long  exposed  to  the  air  fur- 
nishes a  chai'coal  of  a  worse  quality  than  wood  carbonized  soon  after  it  is  cut. 

Having  described  the  kind  of  apparatus  employed  to  obtain  pyroligneous  acid,  I  shall 
now  detail  the  best  mode  of  purifying  it.  This  acid  has  a  reddish  brown  color ;  it  holds 
in  solution  a  portion  of  empyreumatic  oil  and  of  the  tar  which  were  formed  at  the  same 
time,  another  portion  of  these  products  is  in  the  state  of  a  simple  mixture  :  the  latter 
may  be  separated  by  repose  alone.  It  is  stated  above,  that  the  distilling  apparatus 
terminates  in  a  subterranean  reservoir,  where  the  products  of  all  the  vessels  are  mixed. 
A  common  pump  communicates  with  the  reservoir,  and  sinks  to  its  very  bottom,  in  order 
that  it  may  draw  oft"  only  the  stratum  of  tar,  which,  according  to  its  greater  density, 
occupies  the  lower  part.  From  time  to  time  the  pump  is  worked  to  remove  the  tar  as  if 
is  deposited.  The  reservoir  has  at  its  top  an  overflow  pipe,  which  discharges  the  clear- 
est acid  into  a  cistern,  from  which  it  is  taken  by  means  of  a  second  pump. 

The  pyroligneous  acid  thus  separated  from  the  undissolved  tar  is  transferred  from  this 
cistern  into  large  sheet  iron  boilers,  where  its  saturation  is  effected  either  by  quicklime 
or  by  chalk,  the  latter  of  which  is  preferable,  as  the  lime  is  apt  to  take  some  of  the  tar 
into  combination.  The  acid  parts  by  saturation  with  a  new  portion  of  the  tar,  which  is 
removed  by  skimmers.  The  neutral  solution  is  then  allowed  to  rest  for  a  sufficient  time 
to  let  its  clear  parts  be  drawn  off  by  decantation. 

The  acetate  of  lime  thus  obtained  indicates  by  the  hydrometer,  before  being  mixed  with 
the  waters  of  edulcoration,  a  degree  corresponding  to  the  acidimetric  degree  of  the  acid 
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employed.  This  solution  must  be.  evaporated  till  it  reaches  a  specific  gravity  of  l-n4 
(15°  Baiime),  after  which  there  is  added  to  it  a  saturated  solution  of  sulphate  of  soda. 
The  acids  exchange  bases ;  sulphate  of  lime  precipitates,  and  acetate  of  soda  remains  in 
solution.  In  some  manufactures,  instead  of  pursuing:  the  above  plan,  the  sulphate  of 
soda  is  dissolved  in  the  hot  pyroligneous  acid,  which  is  afterwards  saturated  with  chalk 
or  lime.  By  this  means  no  water  need  be  employed  to  dissolve  the  sulphate,  and  ac- 
cordingly the  liquor  is  obtained  in  a  concentrated  form  without  evaporation.  In  both 
modes  the  sulphate  of  lime  is  allowed  to  settle,  and  the  solution  of  acetate  of  soda  is  de- 
canted. The  residuum  is  set  aside  to  be  edulcorated,  and  the  last  waters  ai-e  employed 
for  washing  fresh  portions. 

The  acetate  of  soda  which  results  from  this  double  decomposition  is  afterwards  evap- 
orated till  it  attains  to  the  density  of  1-225  or  1-23,  according  to  the  season.  This  so- 
lution is  poured  into  large  crystallizing  vessels,  from  which,  at  the  end  of  3  or  4  days, 
according  to  their  capacity,  the  mother  waters  are  decanted,  and  a  first  crystallization  is 
obtained  of  rhomboidal  prisms,  which  are  highly  colored  and  very  bulky.  Their  facettes 
are  finely  polished,  and  their  edges  very  sharp.  The  mother  waters  are  submitted  to 
successive  evaporations  and  crystallizations  till  they  refuse  to  crystallize,  and  they  are 
then  burnt  to  convert  them  into  carbonate  of  soda. 

To  avoid  guesswork  proportions,  which  are  always  injurious,  by  the  loss  of  time  which 
they  occasion,  and  by  the  bad  results  to  which  they  often  lead,  we  should  determine 
experimentally,  beforehand,  the  quantities  absolutely  necessary  for  the  reciprocal  decom- 
position, especially  when  we  change  the  acid  or  the  sulphate.  But  it  may  be  remarked 
that,  notwithstanding  all  the  precautions  we  can  take,  there  is  always  a  notable  quantity 
of  sulphate  of  soda  and  acetic  acid,  which  disappear  totally  in  this  decomposition.  This 
arises  from  the  circumstance  that  sulphate  of  soda  and  acetate  of  lime  do  not  completely 
decompose  each  other,  as  I  have  ascertained  by  experiments  on  a  very  considerable  scale ; 
and  thus  a  portion  of  each  of  them  is  always  lost  with  the  mother  waters.  It  might  be 
supposed  that  by  calcining  the  acetate  of  lime  we  could  completely  destroy  its  empy- 
?eumatic  oil ;  but,  though  I  have  made  many  experiments  with  this  view,  I  never  could 
abtain  an  acetate  capable  of  aflbrding  a  tolerable  acid.  Some  manufacturers  prefer  to 
make  the  acetate  of  soda  by  direct  saturation  of  the  acid  with  the  alkali,  and  think  that 
the  higher  price  of  this  substance  is  compensated  by  the  economy  of  time  and  fuel  which 
it  produces. 

The  acetate  of  soda  is  easily  purified  by  crystallizations  and  torrefaction ;  the  latter 
process,  when  well  conducted,  freeing  it  completely  from  every  particle  of  tar.  This 
torrefaction,  to  which  the  name  of  fusion  may  be  given,  requires  great  care  and  dexterity. 
It  is  usually  done  in  shallow  cast  iron  boilers  of  a  hemispherical  shape.  During  all  the 
time  that  the  heat  of  about  500°  Fahr.  is  applied,  the  fused  mass  must  be  diligently  work- 
ed with  rakes;  an  operation  which  continues  about  24  hours  for  half  a  ton  of  materials. 
We  must  carefully  avoid  raising  the  temperature  so  high  as  to  decompose  the  acetate, 
and  be  sure  that  the  heat  is  equally  distributed  ;  for  if  any  point  of  the  mass  enters  into 
decomposition,  it  is  propagated  with  such  rapidity,  as  to  be  excessively  difficult  to  stop 
its  progress  in  destroying  the  whole.  The  heat  should  never  be  so  great  as  to  disengage 
any  smoke,  even  when  the  whole  acetate  is  liquefied.  When  there  is  no  more  frothing 
up,  and  the  mass  flows  like  oil,  the  operation  is  finished.  It  is  now  allowed  to  cool  in  a 
body,  or  it  may  be  ladled  out  into  moulds,  which  is  preferable. 

When  the  acetate  is  dissolved  in  water,  the  charcoaly  matter  proceeding  from  the 
decomposition  of  the  tar  must  be  separated  by  filtration,  or  by  boiling  up  the  liquor  to 
the  specific  gravity  1'114,  when  the  carbonaceous  matter  falls  to  the  bottom.  On  eva- 
porating the  clear  liquor,  we  obtain  an  acetate  perfectly  fine,  which  yields  beautiful 
crystals  on  cooling.  In  this  state  of  purity  it  is  decomposed  by  sulphuric  acid,  in  order 
to  separate  its  acetic  acid. 

Tliis  last  operation,  however  simple  it  appears,  requires  no  little  care  and  skill.  The 
acetate  of  soda  crystallized  and  ground  is  put  into  a  copper,  and  the  necessary  quantity 
of  sulphuric  acid  of  1-842  (about  35  per  cent,  of  the  salt)  to  decompose  almost,  but  not 
all,  the  acetate,  is  poured  on.  The  materials  are  left  to  act  on  each  other ;  by  degrees 
the  acetic  acid  quits  its  combination,  and  swims  upon  the  surface  ;  the  greater  part  of 
the  resulting  sulphate  of  soda  falls  in  a  pulverulent  form,  or  in  small  granular  crystals, 
to  the  bottom.  Another  portion  remains  dissolved  in  the  liquid,  which  has  a  specific 
gravity  of  108.  By  distillation  we  separate  this  remainder  of  the  sulphate,  and  finally 
obtain  acetic  acid,  having  a  specific  gravity  of  1-05,  an  agreeable  taste  and  smell,  though 
towards  the  end  it  becomes  a  little  empyreumatic,  and  colored;  for  which  reason,  the 
last  portions  must  be  kept  apart.  The  acid  destined  for  table  use  ought  to  be  distilled 
in  an  alembic  whose  capital  and  condensing  worm  are  of  silver ;  and  to  make  it  very 
fine,  it  may  be  afterwards  infused  over  a  little  washed  bone-black.  It  is  usually  obtained 
in  a  pretty  concentrated  state  ;  but  when  we  wish  to  give  it  the  highest  degree  of  concen- 
tration, we  mix  with  it  a  quantity  of  dry  muriate  of  lime,  and  distil  anew.    This  acid  may 

2 


18 


ACETIC  ACID. 


be  afterwards  exposed  to  congelation,  when  the  strongest  will  crystallize.  It  is  decanted, 
and  the  crystals  are  melted  by  exposing  them  to  a  temperature  of  from  60°  to  70°  Fahr. ; 
this  process  is  repeated  till  the  acid  congeals  without  remainder,  at  the  temperature  of  55° 
Fahr.     It  has  then  attained  its  maximum  strength,  and  has  a  specific  gravity  of  1.063. 

We  shall  add  an  observation  on  the  above  mode  of  decomposing  the  acetate  of  soda  by 
sulphuric  acid.  Many  difficulties  are  experienced  in  this  process,  if  the  sulphuric  acid 
be  poured  on  in  small  quantities  at  a  time ;  for  then  such  acrid  fumes  of  acetic  acid  are 
disensaged,  that  the  workmen  are  obliged  to  retire.  This  inconvenience  may  be  saved 
by  adding  all  the  sulphuric  acid  at  once;  it  occupies  the  lower  part  of  the  vessel,  and 
decomposes  only  the  portion  of  the  acetate  in  contact  with  it;  the  heat  evolved  in  conse- 
quence of  this  reaction  is  diffused  through  a  great  mass,  and  produces  no  sensible  effect. 
When  the  sulphuric  acid  forms  an  opening,  or  a  species  of  little  crater,  the  workman,  by 
means  of  a  rake,  depresses  the  acetate  into  it  by  degrees,  and  then  the  decomposition 
proceeds  as  slowly  as  he  desires. 

The  acetic  acid,  like  the  nitric,  chloric,  and  some  others,  has  not  hitherto  been  obtain- 
ed free  from  water,  and  the  greatest  degree  of  concentration  which  we  have  been  able  to 
give  it  is  that  in  which  it  contains  only  the  quantity  of  water  equivalent  to  the  atomic 
weight  of  another  oxydized  body;  a  quantity  which  amounts  to  14-89  percent.  The 
processes  prescribed  for  preparing  concentrated  acetic  acid  sometimes  tend  to  deprive  it 
of  that  water  without  which  it  could  not  exist :  hence,  in  all  such  cases,  there  is  a  part 
of  the  acid  itself  decomposed  to  furnish  the  water  necessary  to  the  constitution  of  the  re- 
mainder. The  constituent  principles  of  the  decomposed  portion  then  form  a  peculiar, 
intoxicating,  highly  inflammatory  liquid,  called  the  pyro-acetic  spirit. 

The  most  highly  concentrated  acid  of  1-063  becomes  denser  by  the  addition  of  a  cer- 
tain quantity  of  water  up  to  a  certain  point.  According  to  Berzelius,  the  prime  equiva- 
lent of  this  acid  is  643-189,  oxygen  being  reckoned  100.  Now,  the  above  strongest  acid 
consists  of  one  prime  of  acid,  and  one  of  water  =  1124-79.  When  it  contains  three 
atoms  of  water,  that  is,  337-437  parts  to  643-189,  or  34-41  to  65-59  in  100,  it  then  has 
taken  its  maximum  density  of  1-075  ;  after  which  the  further  addition  of  water  dimin- 
ishes its  specific  gravity,  as  the  following  table  of  Mollerat  shows.  His  supposed  anhy- 
drous or  dry  acid  contains,  at  1-0630,  0-114  parts  of  water. 

Table  of  Acetic  Acid. 


Water  in 

Specific 

Water  invi 

Specific 

100  parts. 

gravity. 

100  pans. 

gravity. 

0-00 

1-0630 

33-83 

1-0742 

8-37 

10742 

37-60 

1-0728 

17-00 

1-0770 

47-00 

1-0658 

23-00 

1-0791 

50-00 

1-0637 

28-10 

1-0763 

51-80 

1  063 

Acetic  acid  readily  takes  fire  when  it  is  heated  in  open  vessels  lo  the  boiling  point, 
and  it  burns  Avilh  a  blue  flame,  nearly  like  alcohol.  It  must  be  kept  in  close  vessels, 
otherwise  it  loses  its  strength,  by  attracting  humidity  from  the  air.  When  concentrated, 
it  is  used  only  as  a  scent,  or  pungent  exciter  of  the  olfactory  organs,  in  sickness  and 
fainting  fits.  Its  anti-epidemic  qualities  are  apocryphal.  What  is  met  with  in  the  shops 
under  the  name  of  salts  of  vinegar  is  nothing  but  sulphate  of  potash,  put  up  in  smaU 
vials,  and  impregnated  with  acetic  acid,  sometimes  rendered  aromatic  with  oil  of  rose- 
mary or  lavender. 

Acetic  acid,  in  its  dry  steite,  as  it  exists  in  fused  acetate  of  potash  or  soda,  is  composed 
of 

47-536  carbon 

5-822  hydrogen 
46-642  oxygen 


100-000 


And  its  symbol  by  Berzelius  is  Hs  C4  Os  =  A.  We  must  bear  in  mind  that  his  atomic 
weight  for  hydrogen  is  only  one  half  of  the  number  usually  assigned  to  it  by  British 
chemists,  in  consequence  of  his  making  water  a  compound  of  two  atoms  of  hydrogen  and 
one  of  oxygen. 

When  the  vapor  of  acetic  acid  is  made  to  traverse  a  red-hot  tube  of  iron,  it  is  con- 
verted into  water,  carbonic  acid,  carbureted  hydrogen,  but  chiefly  pyro-acetic  spirit. 
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Acetic  acid  is  a  solvent  of  several  organic  products ;  such  as  camphor,  gluten,  gum-re- 
sins, resins,  the  fibrine  of  blood,  the  white  of  egg,  &c. 

It  is  an  important  problem  to  ascertain  the  purity  and  strength  of  vinegar.  Spurious 
acidity  is  too  oftea  given  to  it  by  cheaper  acids,  such  as  the  sulphuric  and  the  nitric. 
The  former  may  most  surely  be  detected  by  the  nitrate  of  baryta,  or  even  by  acetate  of 
lead,  which  occasion  a  white  precipitate  iu  such  adulterated  vinegar.  For  the  case  of 
nitric,  which  is  more  insidious,  the  proper  lest  is,  a  bit  of  gold  leaf,  wetted  with  a  few 
drops  of  muriatic  acid.  If  the  leaf  dissolves,  on  heating  the  mixture  in  a  watch  glass,  we 
may  be  sure  that  nitric  acid  is  present. 

Specific  gravity,  if  determined  by  a  sensible  hydrometer,  is  a  good  test  of  the  strength 
of  the  genuine  vinegar;  and  the  following  table  of  Messrs.  Taylor  is  nearly  correct,  or 
sufficiently  so  for  commercial  transactions. 

Revenue  proof  vinegar,  called  by  the  English  manufacturer  No.  24,  has  a  specific 
gravity  of 

1*0085  and  contains  of  real  acid  in  100 —  5 

1-0170 10 

1-02.57 15 

1-0320 20 

1-0470 30 

1-0580 40 

An  excise  duty  of  2d.  is  levied  on  every  gallon  of  the  above  proof  vinegar.  Its 
strength  is  not,  however,  estimated  directly  by  its  specific  gravity,  but  by  the  specific 
gravity  which  it  assumes  when  saturated  with  quicklime.  The  decimal  fraction  of  the 
specific  gravity  of  the  calcareous  acetate  is  very  nearly  the  double  of  that  of  the  pure 
vinegar;  or,  1-009  in  vinegar  becomes  1-018  in  acetate  of  lime.  The  vinegar  of  malt 
contains  so  much  mucilage  or  gluten,  that  when  it  has  only  the  same  acid  strength  as 
the  above,  it  has  a  density  of  1.0014,  but  it  becomes  only  1-023  when  converted  into 
acetate  of  lime:  indeed,  0-005  of  its  density  is  due  to  mucilaginous  matter.  This  fact 
shows  the  fallacy  of  trusting  to  the  hydrometer  for  determining  the  strength  of  vinegars, 
which  may  be  more  or  less  loaded  with  vegetable  gluten.  The  proper  test  of  this,  as  of 
all  other  acids,  is,  the  quantity  of  alkaline  matter  which  a  given  weight  or  measure  of  it 
will  saturate.  For  this  purpose  the  bicarbonate  of  potash,  commonly  called,  in  the 
London  shops,  carbonate,  may  be  employed  very  conveniently.  As  it  is  a  very  uniform 
substance,  and  its  atomic  weight,  by  the  hydrogen  radix,  is  100-584,  while  the  atomic 
weight  of  acetic  acid,  by  the  same  radix,  is  51-563,  if  we  estimate  2  grains  of  the  bicar- 
bonate as  equivalent  to  1  of  the  real  acid,  we  shall  commit  no  appreciable  error.  Hence, 
a  solution  of  the  carbonate  containing  200  grains  in  100  measures,  will  form  an  aceti- 
meter  of  the  most  perfect  and  convenient  kind  ;  for  the  measures  of  test  liquid  expended 
in  saturating  any  measure, — for  instance,  an  ounce  or  1000  grains  of  acid, — will  indi- 
cate the  number  of  grains  of  real  acetic  acid  in  that  quantity.  Thus,  1000  grains  of  the 
above  proof,  would  require  50  measures  of  the  acetimetrical  alkaline  solution,  showing 
that  it  contains  50  grains  of  real  acetic  acid  in  1000,  or  5  per  cent. 

It  is  common  to  add  to  purified  wood  vinegar,  a  little  acetic  ether,  or  caramelized 
(burnt)  sugar  to  color  it,  also,  in  France,  even  wine,  to  flavor  it.  Its  blanching  eflfect 
upon  red  cabbage,  which  it  has  been  employed  to  pickle,  is  owing  to  a  little  sulphurous 
acid.  This  may  be  removed  by  redistillation  with  peroxyde  of  manganese.  Indeed, 
Stoltze  professes  to  purify  the  pyroligneous  acid  solely  by  distilling  it  with  peroxyde  of 
manganese,  and  then  digesting  it  with  bruised  wood  charcoal ;  or  by  distilling  it  with  a 
mixture  of  sulphuric  acid  and  manganese.  But  much  acid  is  lost  in  this  case  by  the  for- 
mation of  acetate  of  that  metal. 

Birch  and  beech  afford  most  pyroligneous  acid,  and  pine  the  least.  It  is  exclusively 
employed  in  the  arts,  for  most  purposes  of  which  it  need  not  be  very  highly  purified. 
It  is  much  used  in  calico  printing,  for  preparing  acetate  of  iron  called  Iron  Liquor,  and 
acetate  of  alumina,  called  Red  Liquor  ;  which  see.  It  serves  also  to  make  sugar  of 
lead ;  yet  when  it  contains  its  usual  quantity,  after  rectification  of  tarry  matter,  the 
acetate  of  lead  will  hardly  crystallize,  but  forms  cauliflower  concretions.  This  evil  may 
be  remedied,  I  believe,  by  boiling  the  saline  solution  with  a  very  little  nitric  acid,  which 
causes  the  precipitation  of  a  brown  granular  substance,  and  gives  the  liquor  a  reddish 
tinge.  The  solution  being  afterwards  treated  with  bruised  charcoal,  becomes  colorless, 
and  furnishes  regular  crystals  of  acetate  or  sugar  of  lead. 

Pyroligneous  acid  possesses,  in  a  very  eminent  degree,  anti-putrescent  properties.  Flesh 
steeped  in  it  for  a  few  hours  may  be  afterwards  dried  in  the  air  without  corrupting;  but 
it  becomes  hard,  and  somewhat  leather-like :  so  that  this  mode  of  preservation  does  not 
answer  well  for  butcher's  meat.  Fish  are  sometimes  cured  with  it.  See  Pyro-acetic 
Spirit;  Pyroxilic  Ether;  Pyroxolic  Spirit  ;  Pyroligneous  Acid  and  Vinegar. 
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ACETIMETER.  An  apparatus  for  determining  the  strength  of  vinegar.  See  the 
conclusion  of  the  preceding  article  for  a  description  of  my  simple  method  of  acetimetry. 

ACETONE.     The  new  chemical  name  of  pyro-acetic  spirit. 

ACID  OF  ARSENIC.  {Jcide  Arsenique,  Fr. ;  Jrseniksaure,  Germ.) 

ACIDS.  A  class  of  chemical  substances  characterized  by  the  property  of  combining 
with  and  neutralizing  the  alkaline  and  other  bases,  and  of  thereby  forming  a  peculiar 
class  of  bodies  called  salts.  The  acids  which  constitute  objects  of  special  manufacture 
for  commercial  purposes  are  the  following : — acetic,  arsenious,  carbonic,  chromic,  citric, 
malic,  muriatic,  nitric,  oxalic,  phosphoric,  sulphuric,  tartaric,  which  see. 

ACROSPIRE.  (Plu7nule,  Fr. ;  Blatikeim,  Germ.)  That  part  of  a  germinating  seed 
which  botanists  call  the  plumula,  or  plumes.     See  Beer  and  Malt. 

ADDITIONS.  Such  articles  as  are  added  to  the  fermenting  wash  of  the  distiller  are 
distinguished  by  this  trivial  name. 

ADIPOCIRE.  Fr.  (Fettwachs,  Germ.)  The  fatty  matter  generated  in  dead  bodies 
buried  under  peculiar  circumstances.  In  1786  and  1787,  when  the  churchyard  of  the 
Innocents,  at  Paris,  was  cleaned  out,  and  the  bones  transported  to  the  catacombs,  it  was 
discovered  that  not  a  few  of  the  cadavres  were  converted  into  a  saponaceous  white  sub- 
stance, moi-e  especially  many  of  those  which  had  been  interred  for  fifteen  years  in  one 
pit,  to  the  amount  of  1500,  in  coffins  closely  packed  together.  These  bodies  were  flat- 
tened, in  consequence  of  their  mutual  pressure ;  and,  though  they  generally  retained 
their  shape,  there  was  deposited  round  the  bones  of  several  a  grayish  white,  somewhat 
soft,  flexible  substance.  Fourcroy  presented  to  the  Academy  of  Sciences,  in  1789,  a  com- 
prehensive memoir  upon  this  phenomenon,  which  appeared  to  prove  that  the  fatty  body 
was  an  ammoniacal  soap,  containing  phosphate  of  lime  ;  that  the  fat  was  similar  to  sper- 
maceti,  as  it  assumed  on  slow  cooling  a  foliated  crystalline  structure ;  as  also  to  wax,  as, 
when  rapidly  cooled,  it  became  granular  :  hence  he  called  it  Adipocire.  Its  melting  point 
was  52-5°  C.  (126'5°  Fahr.).  He  likewise  compared  this  soap  to  the  fat  of  gall-stones, 
and  supposed  it  to  be  a  natural  product  of  the  slow  decomposition  of  all  animal  matter, 
except  bones,  nails,  and  hairs. 

This  substance  was  again  examined  by  Chevreul  in  1812,  and  was  found  by  him  to 
contain  margaric  acid,  oleic  acid,  combined  with  a  yellow  coloring,  odorous  matter,  be- 
sides ammonia,  a  little  lime,  potash,  oxyde  of  iron,  salts  of  lactic  acid,  an  azotized  sub- 
Stance  ;  and  was  therefore  considered  as  a  combination  of  margaric  and  oleic  acids,  in 
variable  proportions  (whence  arose  its  variable  fusibility),  but  that  it  was  not  analogous 
with  either  spermaceti  or  cholesterine  (gallstones).  These  fat  acids  are  obviously  gene- 
rated by  the  reaction  of  the  ammonia  upon  the  margarine  and  olcine,  though  they  even- 
tually lose  the  greater  part  of  that  volatile  alkali. 

According  to  the  views  of  both  Gay  Lussac  and  Chevreul,  this  adipocire  proceeds 
solely  from  the  pre-existing  fat  of  the  dead  body,  and  not  from  the  flesh,  tendons,  or  car- 
tilages, as  had  been  previously  imagined  ;  which  had  led  to  some  expensive  and  abortive 
attempts,  upon  the  great  scale  of  manufacture,  to  convert  the  dead  bodies  of  cattle  into 
adipocire,  for  the  purposes  of  the  candle-maker  or  soap-boiler,  by  exposing  them  for  some 
time  to  the  action  of  moisture. 

Von  Hartkol  made  experiments  during  25  years  upon  this  subject,  from  which  he 
inferred,  that  there  is  no  formation  of  adipocire  in  bodies  buried  in  dry  ground ;  that 
in  moist  earth  the  fat  of  the  dead  body  does  not  increase,  but  changes  into  a  fetid 
saponaceous  substance,  incapable  of  being  worked  into  either  soap  or  candles  ;  that  the 
dead  bodies  of  mammalia  immersed  in  running  water,  leave  behind  after  3  years  a  pure 
fat,  which  is  more  abundant  from  young  than  from  old  anmials ;  that  the  intestines 
afibrd  more  fat  than  the  muscles ;  that  from  this  fat,  without  any  purification,  candles 
may  be  made,  as  void  of  smell,  as  hard,  and  as  white,  as  from  bleached  wax ;  that  from 
cadavers  immersed  for  3  years  in  stagnant  water,  more  fat  is  procured  than  from  those 
in  running  water,  but  that  it  needs  to  be  purified  before  it  can  be  made  into  soap  or 
candles. 

The  cause  of  the  diff'erence  between  Hartkol's  and  Chevreul's  results  cannot  be 
assigned,  as  the  latter  has  not  published  his  promised  remarks  upon  the  subject.  At 
any  rate,  dead  animal  matter  .can  be  worked  up  more  profitably  than  in  making  artificial 
adipocire. 

Adit.  The  horizontal  entrance  of  a  mine.  It  is  sometimes  called  the  drift.  See 
Mining  and  Metallurgy. 

ADULTERATION.  The  debasing  any  product  of  manufacture,  especially  chemical, 
by  the  introduction  of  cheap  materials.  The  art  of  ascertaining  the  genuineness  of  the 
several  products  will  be  taught  under  the  specific  objects  of  manufacture. 

^THER.     See  Ether. 

AFFINITY".  The  chemical  term  denoting  the  peculiar  attractive  force  which  pro- 
duces the  combination  of  dissimilar  substances;  such  as  of  an  alkali  with  an  acid,  or  of 
sulphur  with  a  metal. 
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AGARIC.  A  species  of  boletus  or  fungus,  which  grows  in  dunghills;  with  the 
salts  of  iron  it  affords  a  black  dye.     It  is  said  to  be  convertible  into  a  kind  of  china  ink. 

AGATE.  A  silicious  mineral  which  is  cut  into  seals  and  other  forms  for  the  coarser 
kinds  of  jewellery.     See  Gem. 

AIR.     See  Ventilation. 

ALABASTER,  is  a  stone  usually  white,  and  soft  enough  to  be  scratched  by  iron. 
There  aie  two  kinds  of  it :  the  gypseous,  which  is  merely  a  natural  semi-crystalline  sul- 
phate of  lime  ;  and  the  calcareous  alabaster,  which  is  a  carbonate  of  lime.  The  oriental 
alabaster  is  always  of  the  latter  kind,  and  is  most  esteemed,  because  it  is  agreeably 
variegated  with  lively  colors,  and  especially  with  zones  of  honey-yeUow,  yellow-brown, 
red,  &c. ;  it  is,  moreover,  susceptible  of  taking  a  marble  polish. 

The  fineness  of  the  grain  of  alabaster,  the  uniformity  of  its  texture,  the  beauty  of  its 
polished  surface,  and  its  semi-transparency,  are  the  qualities  which  render  it  valuable  to 
the  sculptor  and  to  the  manufacturer  of  ornamental  toys. 

The  limestone  alabaster  is  frequently  found  as  a  yellowish-white  deposite  in  certain 
fountains.  The  most  celebrated  spring  of  this  kind  is  that  of  the  baths  of  San  Filippo, 
in  Tuscany.  The  water,  almost  boiling  hot,  runs  over  an  enormous  mass  of  stalactites, 
which  it  has  formed,  and  holds  the  carbonate  of  lime  in  solution  by  means  of  sulphuret- 
ed  hydrogen  (according  to  M.  Alexandre  Brongniard),  which  escapes  by  contact  of  the 
atmosphere.  Advantage  has  been  taken  of  this  property  to  make  basso  relievos  of  con- 
siderable hardness,  by  placing  moulds  of  sulphur  very  obliquely,  or  almost  upright,  in 
wooden  tubs  open  at  the  bottom.  These  tubs  are  surmounted  at  the  top  with  a  large 
wooden  cross.  The  water  of  the  spring,  after  having  deposited  in  an  external  conduit 
or  cistern  the  coarser  sediment,  is  made  to  flow  upon  this  wooden  cross,  wliere  it  is 
scattered  into  little  streamlets,  and  thence  lets  fall,  upon  the  sulphur  casts,  a  precipitate 
so  much  the  finer  the  more  nearly  vertical  the  mould.  From  one  to  four  months  are  re- 
quired for  this  operation,  according  to  the  thickness  of  the  deposited  crust.  By  analo- 
gous processes,  the  artists  have  succeeded  in  moulding  vases,  figures  of  animals,  and 
other  objects,  in  relief,  of  every  different  form,  which  require  only  to  be  trimmed  a  little, 
and  afterwards  polished. 

The  common  alabaster  is  composed  of  sulphuric  acid  and  lime,  though  some  kinds  of 
it  effervesce  with  acids,  and  therefore  contain  some  carbonate  of  lime.  This  alabaster 
occurs  in  many  diiierent  colors,  and  of  very  different  degrees  of  hardness,  but  it  is  always 
softer  than  marble.  It  forms,  usually,  the  lowest  beds  of  the  gypsum  quarries.  The 
sculptors  prefer  the  hardest,  the  whitest,  and  those  of  a  granular  texture,  like  Carrara 
marble,  and  so  like  that  they  can  only  be  distinguished  by  the  hardness. 

The  alabaster  is  worked  with  the  same  tools  as  marble ;  and  as  it  is  many  degrees 
softer,  it  is  so  much  the  more  easily  cut;  but  it  is  more  difficult  to  polish,  from  its  little 
solidity.  After  it  has  been  fashioned  into  the  desired  form,  and  smoothed  down  with 
pumice  stone,  it  is  polished  with  a  pap-like  mixture  of  chalk,  soap,  and  milk ;  and,  last 
of  all,  finished  by  friction  with  flannel.     It  is  apt  to  acquire  a  yellowish  tinge. 

Besides  the  harder  kinds,  employed  for  the  sculpture  of  large  figures,  there  is  a  softer 
alabaster,  pure  white  and  semi-transparent,  from  which  small  ornamental  objects  are 
made,  such  as  boxes,  vases,  lamps,  stands  of  time-pieces,  &c.  This  branch  of  business 
is  much  prosecuted  in  Florence,  Leghorn,  Milan,  &c.,  and  employs  a  great  many  turning 
lathes.  Of  all  the  alabasters,  the  Florentine  merits  the  preference,  on  account  of  its  beauty 
and  uniformity,  so  that  it  may  be  fashioned  into  figures  of  considerable  size  :  for  which 
purpose  there  are  large  work-shops  where  it  is  cut  with  steel  saws  into  blocks  and  mas- 
ses of  various  shapes.  Other  sorts  of  gypsum,  such  as  that  of  Salzburg  and  Austria, 
contain  sand  veins,  and  hard  nodules,  and  require  to  be  quarried  by  cleaving  and  blasting 
operations,  which  are  apt  to  crack  it,  and  unfit  it  for  all  delicate  objects  of  sculpture.  It 
is,  besides,  of  a  gray  shade,  and  often  stained  with  darker  colors. 

The  alabaster  best  adapted  for  the  fine  arts  is  pretty  white  when  newly  broken,  and 
becomes  whiter  on  the  surface  by  drying.  It  may  be  easily  cut  with  the  knife  or  chisel, 
and  formed  into  many  pleasing  shapes  by  suitable  si  eel  tools.  It  is  worked  either  by 
the  hand  alone,  or  wiih  the  aid  of  a  turning  lathe.  The  turning  tools  should  not  be  too 
thin  or  sharp-edged ;  but  such  as  are  employed  for  ivory  and  brass  are  most  suitable  for 
alabaster,  and  aie  chiefly  used  to  shave  and  to  scratch  the  surface.  The  objects  which 
cannot  be  turned  may  be  fashioned  by  the  rasping  tools,  or  with  minute  files,  such  as 
variegated  foliage.  Fine  chisels  and  graving  tools  ai-e  also  used  for  the  better  pieces  of 
statuary. 

For  polishing  such  works,  a  peculiar  process  is  required  :  pumice  stone,  in  fine 
powder,  serves  to  smooth  down  the  surfaces  very  well,  but  it  soils  the  whiteness  of  the 
alabaster.  To  take  away  the  unevennesses  and  roughnesses  dried  shave-grass  (equisetum') 
answers  best.  Frictions  with  this  plant  and  water  polish  down  the  asperities  left  by 
the  chisel :  the  fine  streaks  left  by  the  grass  may  be  removed  by  rubbing  the  pieces  with 
slaked  lime,  finely  pulverized  and  sifted,  made  into  a  paste,  or  putty,  with  water.     The 
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polish  and  satin-lustre  of  the  surface  are  communicated  hy  friction,  first  with  soap-water 
and  lime,  and  finally'  with  powdered  and  elutriated  talc  or  French  chalk. 

Such  articles  as  consist  of  several  pieces  are  joined  by  a  cement  composed  of  quicklime 
and  white  of  egg,  or  of  well-calcined  and  well-sifted  Paris  plaster,  mixed  with  the  least 
possible  quantity  of  water. 

Alabaster  objects  are  liable  to  become  yellow  by  keeping,  and  are  especially  injured 
by  smoke,  dust,  &c.  They  may  be  in  some  measure  restored  by  washing  with  soap  and 
water,  ihen  with  clear  water,  and  again  polished  with  shave-grass.  Grease  spots  may 
be  removed  either  by  rubbing  with  talc  powder,  or  with  oil  of  turpentine. 

The  surface  of  alabaster  may  be  etched  by  covering  over  the  parts  that  are  not  to  be 
touched  with  a  solution  of  wax  in  oil  of  turpentine,  thickened  with  white  lead,  and 
immersing  the  articles  in  pure  water  after  the  varnish  has  set.  The  action  of  the  water 
is  continued  from  20  to  50  hours,  more  or  less,  according  to  the  depth  to  which  the 
etching  is  to  be  cut.  After  removing  the  varnish  with  oil  of  turpentine,  the  etched 
places,  which  are  necessarily  deprived  of  their  polish,  should  be  rubbed  with  a  brush 
dipped  in  finely-powdered  gypsum,  which  gives  a  kind  of  opacity,  contrasting  well  with 
the  rest  of  the  surface. 

Alabaster  may  be  stained  either  with  metallic  solutions,  with  spirituous  tinctures  of 
dyeing  plants,  or  with  colored  oils,  in  the  same  way  as  marbles. 

This  substance  has  been  hardened,  it  is  said,  by  exposing  it  to  the  heat  of  a  baker's 
oven  for  10  or  20  hours,  after  taking  it  out  of  the  quarry,  and  giving  it  the  figure,  rough- 
ly, which  it  is  intended  to  have.  After  this  exposure,  it  must  be  dipped  for  two  minutes 
in  running  water;  when  it  is  cold,  it  must  be  dipped  a  second  time  for  the  same  period. 
On  being  exposed  to  the  air  for  a  few  days,  alabaster  so  treated  acquires  a  marble-like 
hardness.     I  doubt  the  truth  of  this  statement. 

ALBUM  GRjECUM.  The  white  dung  of  dogs,  sometimes  used  to  soften  leather  in 
the  process  of  dressing  it  after  the  depilatory  action  of  lime. 

ALCARAZZAS.  A  species  of  porous  earthenware,  made  in  Spain,  for  cooling  liquors. 
See  Pottery. 

ALCOHOL.  The  well-known  intoxicating  liquor  procured  by  distillation  from 
various  vegetable  juices,  and  infusions  of  a  saccharine  nature,  which  have  undergone  the 
vinous  fermentation.  Common  alcohol,  or  proof  spirit,  as  it  is  called,  contains  about 
one  half  its  weight  of  water.  It  may  be  concentrated  till  its  specific  gravity  becomes  so 
low  as  0825,  by  simple  redistillation  at  a  steam  or  water-bath  heat;  but  to  make  it 
stronger,  we  must  mix  with  it,  in  the  still  or  retort,  dry  carbonate  of  potash,  muriate  of 
lime,  or  some  other  substances  strongly  attractive  of  water,  and  then  it  may  be  obtained 
of  a  specific  gravity  so  low  as  0*791  at  16°  Reaumur  (68°  Fahr.),  water  being  I-OOO. 
At  0-825,  it  contains,  still,  11  per  cent,  of  water ;  and  in  this  state  it  is  as  volatile  as 
absolute  alcohol,  on  account  of  the  inferior  density  of  the  aqueous  vapor,  compared  to 
the  alcoholic.  Indeed,  according  to  Yelin  and  Fuchs,  the  boiling  point  of  anhydrous 
alcohol  is  higher  than  of  that  which  contains  2  or  3  per  cent,  of  water ;  hence,  in  the 
distillation  of  alcohol  of  94  per  cent.,  the  first  portions  that  come  over  are  more  aqueous 
than  the  following.  Absolute  alcohol  has  its  boiling  point  at  168|°  Fahr.  ;  but  when 
it  holds  more  than  6  per  cent,  of  water,  the  first  portions  that  come  over  are  richest  in 
alcohol,  and  the  temperature  of  the  boiling  point,  or  of  the  spirituous  vapor,  is  always 
higher  the  longer  the  distillation  continues.  According  to  Groning's  researches,  the 
following  temperatures  of  the  alcoholic  vapors  correspond  to  the  accompanying  contents 
of  alcohol  in  per  centage  of  volume,  which  are  disengaged  in  the  boiling  of  the  spirituous 
liquid. 


Alcoholic   con- 

Alcoholic  con- 

Alcoholic  con- 

! 

Alcoholic  con- 

Tempeialure. 

tent  (jf  the 

tent  of  the  boil- 

Temperature. 

tent  of  the 

lent  of  the  boil- 

vapor. 

ing  liquid. 

vapor. 

ing  liquid. 

Fahr.   170-0 

93 

92 

Fahr.  189-8 

71 

20 

171  -8 

92 

90 

192-0 

68 

18 

172 

91 

85 

164 

66 

15 

172-8 

90i 

80 

196-4 

61 

12 

174 

90 

70 

198-6 

55 

10 

174-6 

89 

70 

201 

50 

7 

176 

87 

65 

203 

42 

5 

178-3 

85 

50 

205-4 

36 

3 

180-8 

82 

40 

207-7 

28 

2 

183 

80 

35 

210 

13 

1 

185 

78 

30 

212 

0 

0 

187-4 

76 

25 

ALCOHOL.  23 

Groning  undertook  this  investigation  in  order  to  employ  the  thermometer  as  an  alco- 
holmeter  in  the  distillation  of  spirits ;  for  which  purpose  he  thrust  the  bulb  of  the  ther- 
mometer through  a  cork,  inserted  into  a  tube  fixed  in  the  capital  of  the  still.  The  state  of 
the  barometer  ought  also  to  be  considered  in  making  comparative  experiments  of  this 
kind.  Since,  by  this  method,  the  alcoholic  content  may  be  compared  with  the  tempera- 
ture of  the  vapor  that  passes  over  at  any  time,  so,  also,  the  contents  of  the  whole  distil- 
lation may  be  found  approximately  ;  and  the  method  serves  as  a  convenient  means  of 
making  continual  observations  on  the  progress  of  the  distillation. 

The  temperature,  corresponding  to  a  certain  per  centage  of  alcohol  in  vapor,  suggests 
the  employment  of  a  convenient  method  for  obtaining,  at  one  process,  a  spirit  as  free  from 
water  as  it  can  be  made  by  mere  distillation.  We  place  over  the  top  of  the  capital  a 
water-baih,  and  lead  up  through  it  a  spiral  pipe  from  the  still,  which  there  passes  oblique- 
ly downwards,  and  proceeds  to  the  refrigeratory.  If  this  bath  be  maintained,  by  a  constant 
influx  of  cold  water,  at  a  certain  temperature,  only  the  alcoholic  vapor  corresponding  to 
that  temperature  will  pass  over,  and  the  rest  will  be  recondensed  and  returned  into  the 
still.  If  we  keep  the  temperature  of  the  water  at  174°,  for  example,  the  spirituous  va- 
por which  passes  over  will  contain  90  per  cent,  of  absolute  alcohol,  according  to  the 
preceding  table.  The  skilful  use  of  this  principle  constitutes  the  main  improvement  in 
modern  distilleries.     See  Distillation  and  Still. 

Another  method  for  concentrating  alcohol  is  that  discovered  by  Sommering,  founded 
upon  the  property  of  ox  bladders  to  allow  water  to  pass  through  and  evaporate  out  of 
them,  but  not  to  permit  alcohol  to  transpire,  or  only  in  a  slight  degree.  Hence,  if  an 
ox's  bladder  is  filled  with  spirit  of  wine,  well  tied  at  the  mouth,  and  suspended  in  a  warm 
place,  the  water  will  continually  exhale,  and  the  alcohol  will  become  nearly  anhydrous ; 
for  in  this  way  alcohol  of  97  or  98  per  cent,  may  be  obtained. 

According  to  Sommerina:,  we  should  take  for  this  purpose  the  bladder  of  an  ox  or  a  calf, 
soak  it  for  some  time  in  water,  then  inflate  it  and  free  it  from  the  fat  and  the  attached 
vessels ;  which  is  to  be  also  done  to  the  other  surface,  by  turning  it  inside  out.  After  it 
is  again  inflated  and  dried,  we  must  smear  over  the  outer  side  twice,  and  the  inner  side  four 
times,  with  a  solution  of  isinglass,  by  which  its  texture  is  made  closer,  and  the  concen- 
tration of  the  alcohol  goes  on  better.  A  bladder  so  prepared  may  serve  more  than  a 
hundred  times.  It  must  be  charged  with  the  spirits  to  be  concentrated,  leaving  a  small  space 
vacant ;  it  is  then  to  be  tightly  bound  at  the  mouth,  and  suspended  in  a  warm  situation, 
at  a  temperature  of  122°  Fahr ,  over  a  sand-bath,  or  in  the  neighborhood  of  an  oven. 
The  surface  of  the  bladder  remains  moist  with  the  water,  as  long  as  the  sp.  gr.  of  the 
contained  spirit  is  greater  than  0-952.  Weak  spirit  loses  its  water  quicker  than  strong ; 
but  in  from  6  to  12  hours  the  alcohol  may  be  concentrated,  when  a  suitable  heat  is  em- 
ployed. This  economical  method  is  particularly  applicable  in  obtaining  alcohol  for  the 
preparation  of  varnishes.  When  the  alcohol  is  to  serve  for  other  purposes,  it  must  be 
freed,  by  distillation,  from  certain  matters  dissolved  out  of  the  bladder.  Alcohol  may 
likewise  be  strengthened,  as  Sommering  has  ascertained,  when  the  vessel  that  contains 
the  spirit  is  bound  over  with  a  bladder  which  does  not  come  into  contact  with  the  liquid. 
Thus,  too,  all  other  liquors  containing  alcohol  and  water,  as  wine,  cider,  &c.,  may  be 
made  more  spirituous. 

To  procure  absolute  alcohol,  we  must  take  chloride  of  calcium  recently  fused,  reduce 
it  to  coarse  powder,  and  mix  it  with  its  own  weight  of  spirit  of  wine,  of  sp.  gr.  0-833, 
in  a  bottle,  which  is  to  be  well  stoppered,  and  to  be  agitated  till  the  salt  is  dissolved. 
The  clear  solution  is  to  be  poured  into  a  retort,  and  half  of  the  volume  of  the  alcohol 
employed,  or  so  much  as  has  the  sp.  gr.  0-791  at  68°  Fahr.,  is  to  be  distilled  off  at  a 
gentle  heat.  Quicklime  has  also  been  employed  for  the  same  purpose,  but  it  is  less 
powerful  and  convenient.  Alcohol,  nearly  free  from  water,  may  be  obtained  without 
distillation,  by  adding  dry  carbonate  of  potash  to  a  spirit  of  wine,  of  sp.  gr.  0-825.  The 
water  combines  with  the  potash,  and  falls  to  the  bottom  in  a  dense  liquid,  while  the  pure 
spirit  floats  on  the  surface.  This  contains,  however,  a  little  alkali,  which  can  only  be 
separated  by  distillation. 

Anhydrous  alcohol  is  composed  by  weight  of  52-66  carbon,  12-90  hydrogen,  and  .34-44 
of  oxygen.  It  has  a  very  powerful  attraction  for  water,  and  absorbs  it  from  the  atmos- 
phere ;  therefore  it  must  be  kept  in  well-closed  vessels.  It  also  robs  vegetable  and  ani- 
mal bodies  of  their  moisture ;  and  hence  common  alcohol  is  employed  for  preserving  ana- 
tomical preparations.  Alcohol  is  a  solvent  for  many  substances  :  resins,  essential  oils, 
camphor,  are  abundantly  dissolved  by  it,  formiuE;  varnishes,  perfumed  spirits,  &c.  The 
solution  of  a  resin  or  essential  oil  in  alcohol  becomes  milky  on  the  addition  of  water, 
which,  by  its  attraction  for  alcohol,  separates  these'substances.  Several  salts,  especially 
the  deliquescent,  are  dissolved  by  it,  and  some  of  them  give  a  color  to  its  flame ;  thus, 
the  solutions  of  the  salts  of  strontia  in  alcohol  burn  with  a  crimson  flame,  those  of  cop- 
per and  borax  green,  lime  reddish,  and  baryta  yellow. 

When  water  is  mixed  with  alcohol,  heat  and  a  condensation  of  volume  are  the  result ; 
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these  effects  being  greatest  with  54  per  cent,  of  alcohol  and  46  of  water,  and  thence  de 
creasing  with  a  greater  proportion  of  water.  For  alcohol  which  contains  90  per  cent. 
of  water,  this  condensation  amounts  to  1"94  per  cent,  of  the  volume:  for  80  per  cent., 
2-87;  for  70  per  cent.,  3-44;  for  60  per  cent.,  3-73  ;  for  40  per  cent.,  3-44 ;  for  30  per 
cent.,  2-72 ;  for  20  per  cent.,  1*72 ;  for  10  per  cent.,  0"72.  Hence,  to  estimate  the 
quantity  of  alcohol  in  any  spirit  it  is  necessary  that  the  specific  gravity  be  ascertained 
for  each  determinate  proportion  of  alcohol  and  water  that  are  mixed  together.  When 
this  is  done,  we  may,  by  means  of  an  areometer  constructed  for  liquids  lighter  than 
water,  determine  the  strength  of  the  spirit,  either  by  a  scale  of  specific  gravities  or  by  an 
arbitrary  graduation  corresponding  to  certain  commercial  objects,  and  thus  we  may  de- 
termine the  per  centage  of  alcohol  in  whiskey  or  brandy  of  any  strength  or  purity.  An 
areometer  intended  for  this  use  has  been  called  an  alcoholmeter,  in  particular  when  the 
scale  of  it  is  so  graduated  that,  instead  of  the  specific  gravity,  it  indicates  immediately 
the  per  centage  of  anhydrous  alcohol  in  a  given  weight  or  volume  of  the  liquid.  The 
scale  graduated  according  to  the  per  centage  of  pure  alcohol  by  weight,  constitutes  the 
alcoholmeter  of  Richter ;  and  that  by  the  per  centage  in  volume,  the  alcoholmeter  of 
Tralles  and  Gay  Lussac. 

As  liquors  are  sold  in  general  by  the  measure,  not  by  the  weight,  it  is  convenient, 
therefore,  to  know  the  alcoholic  content  of  the  mixtures  in  the  per  centage  by  volume. 
Tralles  has  constructed  new  tables  upon  the  principles  of  those  of  Gilpin,  in  which  the 
proportion  is  given  by  volume,  and  anhydrous  alcohol  is  assumed  for  the  basis;  which, 
at  60°  Fahr.,  has  a  specific  gravity  of  0-7939  compared  with  water  at  its  maximum 
density,  or  a  specific  gravity  of  0*7946  compared  with  water  of  the  temperature  of  60° 
Fahr.     Gilpin's  alcohol  of  0-825  contains  92-6  percent,  by  volume  of  anhydrous  -alcohol. 

The  following  table  exhibits  the  per  centase  of  anhydrous  alcohol  by  volume,  at  a 
temperature  of  60°  Fahr.,  in  correspondence  with  the  specific  gravities  of  the  spirits, 
water  being  considered  at  60°  Fahr.  to  have  a  specific  gravity  of  0*9991. 
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Alcoholmetrical  Table  of  Tralles  (continued). 
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Remarks  on  the  preceding  Table  of  Alcohol. 

The  third  column  of  this  table  exhibits  the  difterences  of  the  specific  gravities,  which 
give  the  denominator  of  tlie  fraction  for  such  densities  as  are  not  found  sufficiently  near 
in  the  table ;  and  the  difference  of  their  numerators  is  the  next  greatest  to  the  density 
found  in  the  table.  For  example :  if  the  specific  gravity  of  the  liquor  found  for 
60°  Fahr.  =  9605  (the  per  centage  will  be  between  33  and  34),  the  difference  from 
9609  (which  is  the  next  greatest  number  in  the  table)  =  4,  and  the  fraction  is  ^  • 
therefore  the  true  per  centage  is33  *  From  the  construction  of  this  table  the  per 
centage  of  alcohol  by  weight  may  also  be  found.  For  instance  :  we  multiply  the  number 
representing  the  volumes  of  alcohol  (given  in  the  table  for  any  determinate  specific 
gravity  of  the  mixture)  by  the  specific  gravity  of  the  pure  alcohol,  that  is,  by  7939, 
and  the  product  is  the  number  of  pounds  of  alcohol  in  so  many  pounds  as  the  specific 
gravity  multiplied  by  100  gives.  Thus,  in  the  mixture  of  9510  specific  gravity,  there  are 
40  measures  of  alcohol;  hence  there  are  also  in  95,100  pounds  of  this  spirit 
7939 -|- 40  =  31*756  pounds  of  alcohol;  and  in  100  pounds  of  the  spirits  of  0-9510 
specific  gravity,  33*39  pounds  of  alcohol  are  contained. 

As  the  preceding  table  gives  the  true  alcoholic  content  when  the  portion  of  spirit  under 
trial  has  the  normal  temperature  of  60°  Fahr.,  the  following  table  gives  the  per  centage  of 
alcohol  for  the  specific  gravities  corresponding  to  the  accompanying  temperatures. 

For  example  :  if  we  have  a  spirituous  liquor  at  80°  Fahr.,  whose  specific  gravity  is 
0*9342,  the  alcohol  present  is  45  per  cent,  of  the  volume,  or  that  specific  gravity  at  that 
temperature  is  equal  to  the  specific  gravity  0*9427  at  the  normal  temperature  of 
60°  Fahr.     This  table  may  also  be  employed  for  every  degree  of  the  thermometer  and 


Alcohol 
[jer  cent. 

Temperature. 

Alcohol 
per  cent. 

Temperature. 

30°  F. 

35°  F. 

40°  F. 

45°  F. 

50°  F. 

55°  F. 
9994 

60°  F. 

65°  F. 

70°  F. 

75°  F. 

80°  F. 

85°  F. 

0 

9904 

9997 

9997 

9998 

9997 

0 

9991 

9987 

9991 

9976 

9970 

9962 

5 

9921 

9926 

9926 

9926 

9925 

9922 

5 

9919 

9915 

9909 

9903 

9897 

9889 

10 

9S6S 

9969 

9868 

9S67 

9S65 

9861 

10 

9857 

9852 

9845 

9839 

9831 

9823 

15 

9^23 

9S22 

9S20 

9817 

9813 

9807 

15 

9802 

9796 

9788 

9779 

9771 

9761 

20 

9786 

97S2 

9777 

9772 

9766 

9759 

20 

9751 

9743 

9733 

9722 

9711 

9700 

25 

9753 

9746 

9738 

9729 

9720 

9709 

25 

9700 

9690 

9678 

9065 

9652 

9638 

30 

9717 

9707 

9695 

9684 

9672 

9659 

30 

9646 

9632 

9018 

9603 

9588 

9572 

35 

9671 

9658 

9044 

9629 

9614 

9599 

35 

9583 

9566 

9549 

9532 

9514 

9495 

40 

9615 

9593 

9581 

9563 

9546 

9528 

40 

9510 

9491 

9472 

9452 

9433 

9412 

45 

95)4 

9525 

9506 

9486 

9467 

9447 

45 

9427 

9)06 

9385 

9364 

9342 

9320 

50 

9460 

9440 

9420 

9399 

9378 

9356 

50 

9335 

9313 

9290 

9267 

9244 

9221 

55 

9368 

9347 

9325 

9302 

9279 

9256 

55 

9234 

9211 

9187 

9163 

9139 

9il4 

60 

9267 

9245 

9222 

9198 

9174 

9150 

60 

9126 

9102 

9070 

9051 

9026 

9000 

1   65 

916-2 

9138 

9113 

9088 

9003 

9038 

65 

9013 

8988 

8962 

8936 

89(19 

8882 

i   70 

90)6 

9021 

6996 

8970 

8944 

8917 

70 

8892 

8866 

8839 

8812 

8784 

8756 

75 

8925 

8899 

8873 

8847 

8820 

8792 

75 

8765 

8738 

8710 

8681 

8652 

8022 

80 

8793 

8771 

8744 

8716 

6688 

8659 

80 

8631 

8602 

8573 

8544 

8514 

8483 

85 

8663 

8635 

8606 

8577 

8547 

8517 

85 

8488 

8458 

8427 

8390 

8305 

8333 

90 

8517 

8486 

8455 

8425 

8395 

8363 

90 

8332 

8300 

8268 

8236 

8204 

8171 
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every  per  centage,  so  as  to  save  computation  for  the  intervals.  It  is  evident  from  in- 
spection that  a  difference  of  5°  Falir.  in  the  temperature  changes  the  specific  jjravity  of 
the  liquor  by  a  difference  nearly  equal  to  1  volume  per  cent,  of  alcohol ;  thus  at  35° 
and  85°  Fahr.  the  very  same  specific  gravity  of  the  liquor  shows  nearly  10  volumes  per 
cent,  of  alcohol  more  or  less ;  the  same,  for  example,  at  60  and  40  per  cent. 

The  importance  of  extreme  accuracy  in  determining  the  density  of  alcoholic  mixtures 
in  the  United  Kingdom,  on  account  of  the  great  revenue  derived  from  them  to  the  State, 
and  their  consequent  high  price  in  commerce,  induced  the  Lords  of  the  Treasury  a  few 
years  ago  to  request  the  Royal  Society  to  examine  the  construction  and  mode  of  applying 
the  instrument  now  in  use  for  ascertaining  and  charging  the  duty  on  spirits.  This  instru- 
ment, which  is  known  and  described  in  the  law  as  Sikes's  hydrometer,  possesses,  in  many 
respects,  decided  advantages  over  those  formerly  in  use.  The  committee  of  the  Royal 
Society  state,  that  a  definite  mixture  of  alcohol  and  water  is  as  invariable  in  its  value  as 
absolute  alcohol  can  be;  and  can  be  more  readily,  and  with  equal  accuracy,  identified 
by  that  only  quality  or  condition  to  which  recourse  can  be  had  in  practice,  namely, 
specific  gravity.  The  committee  further  proposed,  that  the  standard  spirit  be  that  which, 
consisting  of  alcohol  and  water  alone,  shall  have  a  specific  gravity  of  092  at  the 
temperature  of  62°  Fahr.,  water  being  unity  at  the  same  temperature ;  or,  in  other 
words,  that  it  shall  at  62°  weigh  ^^-  or  |. 3.  of  an  equal  bulk  of  water  at  the  same 
temperature. 

This  standard  is  rather  weaker  than  the  old  proof,  which  was  if,  or  0-923  ;  or  in  the 
proportion  of  nearly  1-1  gallon  of  the  present  proof  spirit  per  cent.  The  proposed 
standard  will  contain  nearly  one  half  by  weight  of  absolute  alcohol.  The  hydrometer 
ought  to  be  so  graduated  as  to  sive  the  indication  of  strength  ;  not  upon  an  arbitrarj' 
scale,  but  in  terms  of  specific  gravity  at  the  temperature  of  62°. 

The  committee  recommend  the  construction  of  an  equation  table,  which  shall  indicate 
the  same  strength  of  spirit  at  every  temperature.  Thus  in  standard  spirit  at  62°  the 
hydrometer  would  indicate  920,  which  in  this  table  would  give  proof  spirit.  If  that 
same  spirit  were  cooled  to  40°,  the  hydrometer  would  indicate  some  higher  number ;  but 
which,  being  combined  in  the  table  with  the  temperature  as  indicated  by  the  thermometer, 
should  still  give  proof  or  standard  spirit  as  the  result. 

It  is  considered  advisable,  in  this  and  the  other  tables,  not  to  express  the  quality  of  the 
spirit  by  any  number  over  or  under  proof  but  to  indicate  at  once  the  number  of  gallons  of 
standard  spirit  contained  in,  or  equivalent  to,  100  gallons  of  the  spirit  under  examination. 
Thus,  instead  of  saying  23  over  proof,  it  is  proposed  to  insert  123 ;  and  in  place  of  35*4 
under  proof,  to  insert  its  difference  to  100,  or  64-6. 

It  has  been  considered  expedient  to  recommend  a  second  table  to  be  constructed,  so 
as  to  show  the  bullv  of  spirit  of  any  strength  at  any  temperature,  relative  to  a  standard 
bulk  of  100  gallons  at  62°.  In  this  table  a  spirit  which  had  diminished  in  volume,  at 
any  given  temperature,  0-7  per  cent.,  for  example,  would  be  expressed  by  99-3  ;  and  a 
spirit  which  had  increased  at  any  given  temperature  0-7  per  cent ,  by  100-7. 

When  a  sample  of  spirit,  therefore,  has  been  examined  by  the  hydrometer  and 
thermometer,  these  tables  will  give  first  tlie  proportion  of  standard  spirit  at  the  observed 
temperature,  and  next  the  change  of  bulk  of  such  spirit  from  what  it  would  be  at  the 
standard  temperature.  Thus,  at  the  temperature  of  51°,  and  witli  an  indication 
(sp.  gr.)  of  8240,  100  gallons  of  the  spirit  under  examination  would  be  shown  by  the 
first  table  to  be  equal  to  164-S  gallons  of  standard  spirit  of  that  temperature  ;  and  by  the 
second  table  it  would  appear  tliat  99*3  gallons  of  the  same  spirit  would  become  100  at 
62°,  or  in  reality  contain  the  164"8  gallons  of  spirit  in  that  state  only  in  which  it  is  to 
be  taxed. 

But  as  it  is  considered  that  neither  of  these  tables  can  alone  be  used  for  charging  the 
duty  (for  neither  can  express  the  actual  quantity  of  spirit  of  a  specific  gravity  of  0-92  at 
62°  in  100  gallons  of  stronger  or  weaker  spuit  at  temperatures  above  or  below  62°),  it  is 
considered  essential  to  have  a  third  table,  combining  the  two  former,  and  expressins:  this 
relation  directly,  so  that  upon  mere  inspection  it  shall  indicate  the  proportion  of  standard 
spirit  in  100  gallons  of  that  under  examination  in  its  then  present  state.  In  this  table 
the  quantities  should  be  set  dov/n  in  the  actual  number  of  gallons  of  standard  spirit  at 
62°,  equivalent  to  100  of  the  spirit  under  examination ;  and  the  column  of  quantities 
may  be  expressed  by  the  term  value,  as  it  in  reality  expresses  the  proportion  of  the  only 
valuable  substance  present.  As  this  will  be  the  only  table  absolutely  necessary  to  be 
used  with  the  instrument  for  the  purposes  of  the  excise,  it  may,  perhaps,  be  thought 
unnecessary  to  print  the  former  two. 
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The  following  specimen  table  has  been  given  by  the  committee : — 


Temperature  45". 

Temperature  75 

°. 

Indication.* 

Strength. 

Value. 

Indication. 

Strength. 

Value. 

9074 

114-5 

8941 

114-5 

7 

114-3 

4 

114-3 

9 

114-2 

5 

114-2 

81 

114-0 

8 

114-0 

3 

113-9 

9 

U3-9 

5 

113-7 

52 

113-7 

6 

113  6 

3 

113-6 

9 

113-4 

6 

113-4 

90 

113-3 

7 

113 -3 

3 

113-1 

9 

113-1 

The  mixture  of  alcohol  and  water,  taken  as  spirit  in  Mr.  Gilpin's  tables,  is  that  of 
which  the  specific  gravity  is  0-825  at  60°  Fahr.,  water  being  unity  at  the  same  temper- 
ature. The  specific  gravity  of  water  at  60°  being  1000,  at  62°  it  is  99,981.  Hence,  iu 
order  to  compare  the  specific  gravities  given  by  Mr.  Gilpin  with  those  which  would  re- 
sult when  the  specific  gravity  of  water  at  62°  is  taken  at  unity,  all  the  former  numbers 
must  be  divided  by  99,981. 

Table  of  the  Specific  Gravities  of  different  Mixtures,  by  Weight,  of  Alcohol  and  "Water, 
at  different  Temperatures;  constructed  by  Mr.  Gilpin,  for  the  use  of  the  British  Reve- 
nue on  Spirits. 


5 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

"j= 

Pure 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

ilcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

1^ 

Alcohol 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Veg. 
30 

0-83896 

0^84995 

0^85957 

^■86825 

0^87585 

0^88282 

068921 

0^89511 

0900.54 

0^90558 

3-91023 

35 

■8307-2 

•84769 

■85729 

■86587 

87357 

■88059 

■88701 

■89294 

■89839 

•90345 

■90811 

40 

■83445 

•84539 

•85507 

•86361 

87184 

■87838 

•86481 

■89073 

■89617 

•90127 

•90596 

45 

■83214 

•84310 

■85277 

■86131 

86905 

■87613 

•88255 

■88849 

■89396 

•89909 

•90380 

50 

■82977 

•84076 

■85042 

•85902 

86676 

■87384 

•88030 

■88626 

■89174 

•89084 

•90160 

55 

•82736 

•83834 

■84802 

•85664 

86441 

■87150 

■87796 

■88393 

■88945 

•89458 

•89933 

60 

•82500 

•83599 

■84568 

•85430 

86208 

■86918 

■87569 

•88169 

■88720 

■89232 

■89707 

65 

•82262 

•833(i2 

■84334 

■85193 

85976 

■86686 

■87337 

•87938 

■88490 

■89006 

■89479 

70 

■82023 

•83124 

■84092 

■84951 

85736 

■86451 

•87105 

•87705 

•88254 

■88773 

■69252 

75 

■81780 

■82878 

■83851 

■84710 

85496 

■86212 

•86864 

•87466 

•88018 

•88538 

•89018 

80 

■81530 

■82631 

■83603 

■84467 

85248 

•85966 

•8B622 

•87228 

•87776 

■88301 

•88781 

85 

•81291 

■82396 

•83371 

■84243 

85036 

■85757 

•66411 

•87021 

•87590 

•88120 

•86609 

90 

•81044 

■82150 

■83126 

•84001 

84797 

■83518 

•86172 

•86787 

87360 

87689 

•88376 

95 

•80794 

■81900 

■82877 

■83753 

84550 

■85272 

■85928 

•86542 

■87114 

■87654 

•68146 

100 

•80548 

■81657 

■62639 

■83513 

■84038 

■85031 

■85688 

■86302 

•86879 

■87421 

•67915 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Tenip 

erature, 

Alcohol 

Alcohol 

alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

F 

ilir. 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Watei'. 

Water. 

Water. 
D-94222 

L 

eg- 
30 

0-91449 

0-91847 

>92217 

0^92563 

U-92889 

093191 

0^93474 

0^93741 

0-93991 

35 

•91241 

■91040 

•92009 

■92355 

•92680 

■92986 

■93274 

■93541 

•93790 

■94025 

40 

■91020 

■91428 

•91799 

•92151 

■92476 

■92783 

•93072 

■93341 

•93592 

•9.3827 

45 

•90812 

91211 

•915S4 

•91937 

■92264 

•92570 

•92859 

■93131 

•93382 

•93621 

50 

■90596 

•90997 

•91370 

•91723 

■9-2051 

•92358 

■92647 

•92919 

■93177 

•93419 

55 

■90367 

•90768 

■9114  4 

■91502 

•91837 

•92145 

■9-2436 

•92707 

■92963 

•93208 

60 

■90144 

•90549 

90927 

•91287 

■91622 

•91933 

■92'225 

•92499 

■92758 

•93002 

65 

■89920 

•903'28 

■90707 

•91006 

■91400 

•91715 

■92010 

•92283 

■92546 

•92794 

70 

•89695 

•90104 

■90184 

■90847 

■91181 

•91493 

■91793 

■92069 

•92333 

-92580 

75 

•89464 

•89872 

■90252 

•90617 

•90952 

•91270 

■91569 

■91849 

•92111 

■92364 

80 

•89225 

■89639 

■90021 

•90385 

■90723 

•91046 

■91340 

■91622 

•91691 

■92142 

85 

•89043 

■89460 

•89843 

■90209 

■90558 

•90882 

■91186 

■91465 

•91729 

•91969 

90 

•88817 

■89230 

■89617 

■89988 

■90342 

•90688 

■90967 

■91248 

•915)1 

•91751 

95 

•88588 

•89003 

•89390 

•89763 

■90119 

•90443 

•90747 

•91029 

•91290 

•91531 

1 

00 

•63571 

•88769 

■89158 

89536  1 

•89889 

•90215 

•90522 

•90805 

-91066 

-91310 

•  By  specific  gravity. 
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Table  of  the  Specific  Gravities  of  different  Mixtures,  &c.  {continued). 


D 

95 

90 

85 

80 

75 

70 

65 

60 

55 

i 
50      '. 

2^ 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohd 

1^ 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100     . 

H 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

D>-g. 
30 

0-94447 

094675 

0^94920 

0-95173 

0^95429 

0^95661 

0^95944 

0^96209 

096470 

0-96719 

35 

■94249 

•94484 

•91734 

-94988 

•9,5246 

•95502 

■95772 

■96048 

■96315 

•90579 

40 

•9405S 

•94295 

•94547 

•94802 

•95000 

•95328 

•95602 

•95879 

•96159 

•96434 

45 

•93860 

•94096 

•94348 

■94605 

•94671 

•95143 

•95'123 

■95703 

•95993 

•96280 

50 

•93658 

•93897 

•94149 

■94414 

•94683 

•9-1958 

•95243 

•95534 

•95831 

-9b 1 26 

55 

•93452 

•93696 

•93948 

•94213 

•91486 

■94767 

•95057 

•95357 

•95662 

-95966 

60 

•93247 

•93493 

•93749 

•94018 

•94296 

•94579 

•91876 

•95181 

•95493 

•95604 

65 

•93040 

•93285 

•93540 

•93822 

•94099 

•94388 

•946o9 

•95000 

•95318 

•95635 

70 

•92628 

•93076 

•93337 

■93616 

•93898 

•94193 

•94500 

•94813 

■95139 

•95469 

75 

•9'2til3 

•92865 

•931.32 

•93413 

■93695 

•93989 

•94301 

•94623 

■94957 

•95292 

80 

•92393 

•92646 

■92917 

•93201 

■93488 

•93785 

■94102 

•94431 

•94766 

■95111 

45 

40 

35 

30 

25 

20 

15 

10 

5 

Temperature, 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Fulir. 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Water. 

Degrees. 

30 

3-96967 

0-97200 

0^97418 

0^97635 

)^97860 

0-98108 

0^98412 

0^98804 

099334 

35 

•96840 

•97086 

•97319 

•97556 

■97801 

-98076 

•98397 

■98804 

•99344 

40 

•96706 

-969U7 

•97220 

•97472 

•97737 

-98033 

•98373 

-98795 

-99345 

45 

•96563 

-96840 

■97110 

•97384 

•97666 

-97980 

•98338 

-96774 

-99338 

50 

■90420 

•967U8 

•96995 

•97284 

•97589 

•97920 

•98293 

•98745 

•99316 

55 

•90272 

•96575 

•96877 

-97181 

•97500 

•97847 

•98239 

•98702 

•99284 

60 

•96122 

•96437 

•96752 

-97074 

•97410 

•97771 

-98176 

-98654 

•99244 

65 

•95962 

•96288 

•96620 

-96959 

•97309 

•97668 

-96106 

-98.594 

•99194. 

70 

•95802 

■96143 

•96484 

-96836 

•97203 

-97596 

-98028 

-98527 

-99134  1 

75 

•95638 

•95987 

•96344 

-96708 

•97086 

•97495 

•97943 

-98454 

•99066  ' 

80 

•95467 

•958261  •90192 

•96568 

•96963      -97385 

•97845 

-98367     -98991 J 

Experiments  were  made,  by  direction  of  the  committee,  to  verify  Gilpin's  tables, 
which  showed  that  the  error  Introduced  in  ascertaining  the  strength  of  spirits  by  tables 
founded  on  Gilpin's  numbers  must  be  quite  insensible  in  the  practice  of  the  revenue. 
The  discrepancies  thus  detected,  on  a  mixture  of  a  given  strength,  did  not  amount  in  any 
one  instance  to  unity  in  the  fourth  place  of  decimals.  From  a  careful  inspection  of  such 
documents  the  committee  are  of  opinion,  that  Gilpin's  tables  possess  a  degree  of  accui-acy 
far  surpassing  what  could  be  expected,  and  sufficiently  perfect  for  all  practical  or  scien- 
tific purposes. 

The  following  table  is  given  by  Mr.  Lubbock,  for  converting  the  apparent  specific 
gravity,  or  indication,  into  true  specific  gravity. 


s 

—                             Temperature.                             + 

c 
a 

a 

.   H 
•5 

a 

30° 

32° 

37° 

42° 

1 
47° 

52° 

57° 

62° 

67° 

72° 

77° 

80° 

■82 

-00063 

■00078 

•00065 

•00052 

•00039 

•00025 

•00012 

■00011 

•00024 

00035 

•0004-) 

■62 

83 

-00084 

■00079 

•00066 

00052 

•00039 

•000^26 

•00012 

■00012 

■00024 

00036 

•00042 

•83 

84 

00085 

■00080 

•00066 

00053 

■00039 

■00O26 

00013 

•00012 

■00024 

■000:i6 

■00043 

-64 

85 

-00086 

•00081 

•00067 

•00054 

•00040 

•00020 

•00013 

•00012 

■00025 

-00037 

•00043 

-85 

fin 

•00087 

•O0OS2 

00068 

■00054 

00040 

•00027 

•00013 

■00012 

■00025 

■00037 

■00044 

-66 

87 

•00088 

•0(1083 

00069 

■000.'^5 

■00041 

•00027 

•00013 

•00012 

■00025 

00037 

00044 

-87 

88 

•00089 

■00084 

■00070 

•00055 

■00041 

•00027 

•00013 

•00012 

■00026 

■00(13.s 

(10045 

■88 

89 

•00090 

00()N5 

(10070 

■00055 

■00042 

•00028  ^00013 

■00012 

■  00020 

■0()(I3^ 

■00015 

-89 

90 

•00091 

■()O0S5 

■00(171 

■00056 

■00042 

•00028  /OoOH 

•00013 

00026 

■00039 

■U0016 

90 

91 

•00092 

■00086 

■00072 

•00057 

■00043 

•00028  •OOOH 

•00013 

■00026 

■00039 

■00040 

-91 

92 

•00093 

■00087 

•00073 

■00058 

■00043 

■00029  [-00014 

■00013 

■00027 

■00040 

00047 

-92 

93 

•00094 

■0(1088 

00073 

■00059 

•00044 

•00029  •OOOU 

■00013 

■(!00'27 

00040 

■00047 

-93 

94 

•00095 

■00089 

■00074 

■00059 

•00044 

•00029 

•00014 

•00013 

■00027 

■00010 

■00018 

-94 

95 

•00096 

■00090 

■00075 

•00060 

•00045 

•00029 

•00014 

■00013 

■00028 

■00041 

00048 

-95 

96 

•00097 

•0(1091 

■00076 

•00060 

•00045 

•00030 

•00014 

■00013 

00028 

■0004 1 

00049 

-96 

97 

•01)098 

■0(1092 

■00077 

•00061 

•00046 

•00030 

•00015 

■00014 

00028 

■00042 

■00019 

-97 

•98 

•00099 

•00093 

•00077 

•00062 

•00046 

•00030 

•00015 

•00014 

00028 

■00042 

00050 

-98 

•99 

•00100 

■00094 

•00078    00062 

•00047 

•00031 

■00015 

•00014 

•000-29 

-00043 

■00050 

•99 
100 

•100 

■00101 

•00095 

•00079 1-00063 

■00047 

•00031 

■00015 

I 
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Fig.  5. 


The  hydrometer  constructed,  under  the  directions  of  the  Commissioners  of  Excise,  Iry 
Mr.  Bate,  has  a  scale  of  4  inches  in  length  divided  into  100  parts, 
and  9  weights.  It  has  thus  a  range  of  900  divisions,  and  expresses 
specific  gravities  at  the  temperature  of  62°  Fahr,  In  order  to  render 
this  instrument  so  accurate  a  measurer  of  the  specific  gravity,  at  the 
standard  temperature,  as  to  involve  no  error  of  an  appreciable  amount, 
Mr.  Bate  has  constructed  the  weights  (which  in  this  instrument  are  im- 
mersed in  the  fluid  of  different  specific  gravities)  so  that  each  succes- 
sive weight  should  have  an  increase  of  bulk  over  the  preceding  weight 
equal  to  that  part  of  the  stem  occupied  by  the  scale,  and  an  increase 
of  weight  sufficient  to  take  the  whole  of  the  scale,  and  no  more,  down 
to  the  liquid.  This  arrangement  requires  great  accuracy  of  workman- 
ship, and  enhances  the  price  of  the  instrument.  But  it  allows  of  in- 
creased strength  in  the  ball,  where  it  is  very  much  required,  and  it 
gives,  upon  inspection  only,  the  indication  (apparent  specific  gravity) 
by  which  the  general  table  is  to  be  examined  and  the  result  ascertained. 
Fig.  5  represents  this  instrument  and  two  of  its  nine  ballast  weights. 
It  comprehends  all  specific  gravities  between  820  and  1000.  It  indi- 
cates true  specific  gravity  with  almost  perfect  accuracy  at  the  temper- 
ature of  02°  Fahr. ;  but  it  does  not  exclude  other  instruments  from 
being  used  in  conjunction  with  tables.  The  latter  are,  in  fact,  inde- 
pendent of  the  instrument,  and  may  be  used  with  gravimeters,  or 
any  instrument  affording  indications  by  specific  gravity  at  a  given 
temperature. 

The  commercial  value  of  spirituous  liquors  being  much  lower  in 
France  than  in  England,  a  less  sensible  instrument  becomes  sufficient 
for  the  wants  of  that  country.  Baume's  and  Cartier"s  hydrometers, 
with  short  arbitrary  scales,  are  very  much  employed,  but  they  have  been  lately  super- 
seded by  an  ingenious  and  ready  instrument  contrived  by  M.  Gay  Lussac,  and  called 
by  him  an  alcoometre.  He  takes  for  the  team  of  comparison  pure  alcohol  by  volume, 
at  the  temperature  of  15°  Cent.,  and  represents  the  strength  of  it  by  100  centimes, 
or  by  unity.  Consequently,  the  strength  of  a  spirituous  liquid  is  the  number  of  cen- 
times in  volume  of  pure  alcohol  which  that  liquid  contains  at  the  temperature  of  15° 
Cent.  The  instrument  is  formed  like  a  common  hydrometer,  and  is  graduated  for  the 
temperature  of  15°  Cent.  Its  scale  is  divided  into  100  parts  or  degrees,  each  of  which 
denotes  a  centime  of  alcohol ;  the  division  0  at  the  bottom  of  the  stem  corresponds 
to  pure  water,  and  the  division  100  at  its  top,  to  pure  alcohol.  When  immersed  in  a 
spirituous  liquor  at  15°  Cent.  (59°  Fahr.)  it  announces  its  strength  directly.  For 
example  :  if  in  spirits  supposed  at  the  temperature  of  15°  Cent,  it  sinks  to  the  division  50, 
it  indicates  that  the  strength  of  this  liquor  is  50  per  cent.,  or  that  it  contains  50  centimes 
of  pure  alcohol.  In  our  new  British  proof  spirit,  it  would  sink  to  nearly  57,  indicating 
57  by  volume  of  pure  alcohol,  allowing  for  condensation,  or  50  by  weight.  A  table  of 
correction  is  given  for  temperature,  which  he  calls  "  Table  of  real  strength  of  spirituous 
liquors."  The  first  vertical  column  of  this  table  contains  the  temperatures,  from  0°  to 
30°  Cent.,  and  the  first  horizontal  line  the  indications  of  the  alcoometre.  In  the  same 
table  we  have  most  ingeniously  inserted  a  correction  for  the  volume  of  the  spirits  when 
the  temperature  diflTers  from  15°  Cent.  If  we  take  1000  litres  or  gallons,  measured  at 
the  temperature  of  2°,  of  a  spirituous  liquor  whose  apparent  strength  is  44c  ;  its 
real  strength  at  15°  wUl  from  the  preceding  mode  of  correction  be  49c.  On  heating  this 
liquid  to  15°,  in  order  to  find  its  real  specific  gravity  or  strength,  its  bulk  will  become 
greater ;  and,  instead  of  1000  litres  or  gallons,  which  it  measured  at  2°,  we  shall  have 
1009  at  15°  C.  This  number  is  inscribed  in  smaller  characters  in  the  same  square  cell 
with  the  real  force,  precisely  under  49c.  All  the  numbers  in  small  characters,  printed 
under  each  real  strength,  indicate  the  volume  which  1000  litres  of  a  spirituous  liquor 
would  have,  when  measured  at  the  temperature  at  which  its  apparent  strength  is  taken. 
In  the  above  example,  the  quantity  in  litres  or  gallons  of  pure  alcohol  contained  in  1000 
litres  or  gallons  of  the  spirits,  measured  at  the  temperature  of  2°,  will  be,  therefore, — ■ 
1009  lit.   X  0-49  =  494  lit.  41. 

This  quantity  of  pure  alcohol,  thus  estimated,  is  called  richness  of  spirit  in  alcohol,  or 
simply  richness. 

Let  us  take  an  example  similar  to  the  preceding,  but  at  a  higher  temperature  than 
15°  Cent.  Suppose  we  have  1000  litres  measured,  at  the  temperature  of  25°,  of  spirits 
whose  apparent  strength  is  53c,  what  is  the  real  quantity  of  pure  alcohol  which  this 
spirit  contains  at  the  temperature  of  15°  ?  We  shall  find  in  the  table,  first  of  all,  that 
the  real  strength  of  the  spirits  is  49c-3.  As  to  its  bulk  or  volume,  it  is  very  clear 
that  the  1000  litres  in  cooling  from  25°  to  15°,  will  occupy  a  smaller  space.  This 
volume  wUl  be  993  litres;  it  is  inscribed  directly  below  49c'3,  the  real  strength.    We 
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shall  therefore  have  of  pure  alcohol,  contained  in  the  1000  litres  of  spirits,  measured  at 
the  temperature  of  25=",  or  their  richness,  993  lit.  X  0-493  —  489  lit.  55. 

Alcometrical  Table  of  real  Strength,"by  M.  Gay  Lussac. 
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Alcometrical  Table  of  real  Streng 

th,  by 

M.  Gay 

Lussac  (continued). 

Temperature. 
C. 

41c 

42c 

43c 

44c 

45(; 

46c 

47c 

48c 

49,; 

50c 

Drg. 
17 

IS 

19 

20 

21 
22 
23 
24 
25 

40-2 

999 

41-2 
999 

42-2 
999 

43-2 

99S 

44  9 

998 

45-2 

998 

46-2 

998 

47 '2 
993 

48-2 
998 

49-2 

993 

39-8 

99S 

40-8 
998 

41-8 
993 

42 -S 
998 

43-8 
998 

44-9 

993 

45-9 
998 

46-9 

998 

47-9 

998 

48-9 
998 

39-4 
997 

40-4 
997 

41  -4 

997 

42-5 

997 

43-5 

997 

44-5 
997 

45-5 

997 

46-5 
997 

47-5 

997 

48-5 
997 

39 

997 

40 
997 

41 

997 

42-1 

997 

43-1 
996 

44-1 
996 

45-1 
996 

46-1 

996 

47-2 
996 

48-2 
996 

38-6 

996 

39-6 
996 

40-6 
996 

41-7 
996 

42-7 
996 

43-7 
996 

44-8 
996 

45-8 
996 

46-8 
995 

47-8 
995 

38-2 
y9t) 

39-2 

995 

40-2 
995 

41-3 

995 

42-3 
995 

43-3 

995 

44-3 

995 

45-3 

995 

46-4 
995 

47-4 
995 

37 -S 
995 

38-8 
995 

39 -S 

995 

40-9 

994 

41  -9 
994 

42-9 
994 

43-9 
994 

44-9 
994 

46 
994 

47 
994 

37-4 

994 

38-4 
994 

39-4 

994 

40-5 
994 

41  -5 

994 

42-5 

994 

43-6 

994 

44-6 
994 

45-6 

993 

46-6 

993 

37 

994 

38 
994 

39 

993 

40  1 
993 

42-1 
993 

42-2 
993 

43-2 
993 

44-2 
993 

45 '2 
993 

46-3 

993 

Temperature. 
C. 

51c 

52c 

53c 

54c 

55c 

56c 

57c 

58c 

59c 

60c 

Deg 
10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

52 -S 
lOOi 

53-8 
1004 

54-8 
1004 

55 -S 
1004 

56-8 

1004 

57-8 
1004 

58-8 
1004 

59-7 
1004 

60-7 
1004 

61-7 
1004 

52-5 
1003 

53  -5 

1003 

54-4 

1003 

55-4 
1003 

56-4 
1003 

57-4 
1003 

58-4 
1003 

59-4 
1003 

60-4 
1003 

61  -4 

1003 

52-1 

1002 

63-1 

1002 

54-1 

1002 

55 

1002 

56 

1002 

57 
1002 

58 
1002 

59 

1002 

60 

1002 

61 

1002 

51  .8 

1002 

52-7 
1002 

53-7 

1002 

54-7 
1002 

55.7 
1002 

56-7 
1002 

57-7 
1002 

68-7 
1002 

59-7 
1002 

60-7 
1002 

51-4 

1001 

52-3 
1001 

53-3 

1001 

54-3 
1001 

55  3 
1001 

56-3 
1001 

57-3 
1001 

58-3 
1001 

59-3 
1001 

60-3 

1001 

51 

1000 

52 
1000 

53 

1000 

54 
1000 

55 

1000 

56 

1000 

57 

1000 

58 
1000 

59 
1000 

60 

1000 

50-6 
999 

51 '6 

999 

52-6 

999 

53 -C 

999 

54-6 

999 

.55  -6 
999 

56-6 
999 

57-6 
999 

58-6 
999 

59-6 

999 

50-3 

998 

51-3 

998 

52-3 

998 

53-3 

998 

54-3 

998 

55-3 

998 

56-3 

998 

57-3 

998 

58-3 
998 

59-3 

998 

49-9 

998 

50-9 

998 

51-9 

998 

52-9 

998 

53-9 

993 

54-9 

998 

55-9 

998 

56-9 
997 

57-9 
997 

58-9 
997 

49-5 

997 

50-6 
997 

51-6 

997 

52-6 
997 

53-6 

997 

54-6 

997 

55-6 

997 

56-6 

997 

57-6 

997 

58-6 
997 

49-2 
996 

50-2 
990 

51-2 
996 

52-2 
996 

53-2 
996 

54-2 
996 

55-2 
996 

56-2 
996 

57-2 
996 

.58-2 
996 

48-8 
995 

49-8 
995 

50-8 
995 

51 -S 
995 

52-9 
995 

53-9 
995 

.54 '9 

995 

55-9 
995 

56-9 

995 

57 '9 
995 

48-4 
995 

49-4 
995 

50-4 
995 

51  -4 
994 

52-5 
994 

53-5 

994 

54-5 
994 

55-5 
994 

56-5 

994 

57-5 
994 

48 
991 

49-1 
994 

50-1 

994 

51-] 

994 

52-1 
994 

53-1 

994 

54-1 
994 

55-1 
993 

5G-1 
993 

57-1 
993 

47 -G 
993 

48-7 
993 

49-7 
993 

50-7 
993 

51-8 
993 

52-8 
993 

53-8 
993 

54-8 
993 

55-8 
993 

56-8 
992 

47-3 
993 

48-3 
993 

49-3 
993 

50-3 
992 

51-4 
992 

52-4 
992 

53-4 
992 

54-4 
092 

55-5 
992 

56-5 
992 
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Temperature. 
C. 

61c 

62c 

63c 

64c 

65c 

66c 

67c 

08c 

69c 

70c 

Deff. 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

62-7 

1004 

63-7 

1004 

64-7 
1004 

65-7 
1004 

66-7 

1004 

67-6 

1004 

68-6 
1004 

69-6 
1004 

70-6 

1004 

71-6 

1004 

62-4 
1003 

63-4 
1003 

64-4 
1003 

65-4 
1003 

66-4 
1003 

67-3 
1003 

68-3 
1003 

69-3 

1004 

70-3 
1004 

71-3 
1004 

62 

1002 

63 
1002 

64 

1002 

65 

1002 

66 

1002 

67 

1002 

68 
1003 

69 

1003 

70 
1003 

71 
1003 

61.7 
1002 

62-7 
1002 

63-7 

1002 

64 '7 
1002 

65-7 
1002 

66-7 
1002 

67-7 
1002 

68-7 
1002 

69-6 

1002 

70-6 

1002 

61-3 
1001 

62-3 
1001 

63-3 

1001 

64-3 
1001 

65-3 
1001 

66-3 

1001 

67-3 
1001 

68-3 
1001 

69-3 
1001 

70-3 
1001 

61 

1000 

62 
1000 

63 

1000 

64 

1000 

65 

1000 

66 

1000 

67 
1000 

68 
1000 

69 

1000 

70 
1000 

60-6 
999 

61-7 
999 

62-7 

999 

63-7 

999 

64-7 
999 

65-7 
999 

66-7 
999 

67-7 
999 

68-7 
999 

69-7 
999 

60-3 

998 

61-3 

998 

62-3 

998 

63-3 

998 

64-3 

998 

65-3 

998 

66-3 

998 

67-3 

998 

68-3 

998 

69-3 

998 

59-9 
997 

61 

997 

62 

997 

63 

997 

64 

997 

65 

997 

66 

997 

67 

997 

68 

997 

69 

997 

59-6 

997 

60-6 

997 

61-6 

9'J7 

62-7 

997 

63-7 

997 

64-7 

997 

65-7 
997 

66-7 

997 

67-7 

990 

68-7 
996 

59-2 
990 

60-3 
996 

61-3 

996 

62-3 

990 

63-3 

990 

64-3 
996 

65-4 
996 

66-4 
990 

67-4 
996 

68-4 
996 

58-9 
995 

59-9 
995 

61 

995 

62 

995 

63 

995 

64 
995 

65 

995 

66 
995 

67 
995 

68-] 
995 

58-5 
994 

59-5 
994 

60-6 
994 

61-6 

994 

62-7 
994 

63-7 

994 

64-7 

994 

65-7 
994 

66-7 

994 

67-8 
994 

58-1 
993 

59-2 
993 

60-2 

9!)3 

61  -3 

993 

62-3 

993 

63-3 
993 

64-3 
993 

65  -4 

993 

66-4 

993 

67-4 
993 

57-8 
992 

58-9 
992 

59-9 
992 

61 

992 

62 

992 

63 

992 

64 

992 

65 

992 

6G 

992 

67-1 
992 

57-5 
993 

58 -5 

59-5 

60-6 

001 

61-6 

091 

62-6 

001 

63-7 

991 

64-7 

991 

65-7 

991 

66-7 
991 

Temperature. 
C. 

71c 

72c 

73c 

74o. 

75o 

76c 

77c 

7Sc 

79,. 

eoc 

Deg. 
10 

11 

12 

13 

14 

15 

16 

17 

72-6 

1 004 

73  0 

1004 

74-5 
1005 

75-5 
1005 

76 '5 

1005 

77-5 
1005 

78  -5 
1005 

79-5 

1005 

80-5 
1005 

81 -5 

1005 

72-3 

1004 

73-2 
1004 

74-2 
1004 

75-2 
1004 

76-2 
1004 

77-2 
1004 

78-2 
1004 

79-2 
1004 

SO '2 
1004 

81 -2 
1004 

72 
1003 

72-9 
1003 

73-9 

1003 

74-9 

1003 

75-9 
1003 

76-9 
1003 

77-9 
1003 

78-9 
1003 

79-9 

1003 

SO -9 
1003 

71-6 

1002 

72-6 

1002 

73-6 

1002 

74-6 
1002 

75-6 

1002 

76-6 

1002 

77-6 

1002 

78-6 
1002 

79-6 

1002 

SO -6 
1002 

71  -3 
1001 

72-3 

1001 

73-3 

1001 

74-3 

1001 

75-3 

1001 

76-3 
1001 

77-3 
1001 

78-3 
1001 

79-3 

1001 

80-3 
1001 

71 
1000 

72 
1000 

73 

lOUO 

74 
1000 

75 
1000 

76 
1000 

77 
1000 

78 

1000 

79 

1000 

80 
1000 

70-7 
939 

71-7 

999 

72-7 

991) 

73-7 
999 

74-7 
999 

75-7 

999 

76-7 
999 

77-7 
999 

78-7 
999 

79-7 
999 

70-3 
99S 

71-3 
99S 

72-3 

9'.H 

73-3 

99S 

74-3 

998 

75-4 

998 

76-4 

09S 

77-4 
993 

78-4 
PI'S 

79.4 

998 

ALCOHOL. 
Alcometrical  Table  of  real  Strengtn,  by  M.  Gay  Lussac  {continued). 


33 


Temperature. 
C. 

71c 

72c 

73o 

74c 

T5c 

76c 

77o 

78c 

79c 

80c 

19 
20 
21 
22 
23 
24 
25 

70 

997 

71 

997 

72 
997 

73 

997 

74 
997 

75 -F 

997 

76-1 

997 

77  1 

997 

78-1 
997 

79-1 

997 

69-7 
996 

70-7 
996 

71-7 
990 

72-7 
996 

73-7 
996 

74-7 
996 

75-8 
996 

76-8 
996 

77-8 
996 

78-8 
996 

69-4 
996 

70-4 
996 

71-4 
995 

72-4 
995 

73-4 

995 

74-4 
995 

75 '5 

995 

76-5 
995 

77-5 
995 

78-5 
995 

69  1 

995 

70-1 
995 

71  1 

995 

72-1 

994 

73-1 

994 

74-1 
994 

75-2 
994 

76-2 
994 

77-2 
994 

78-2 
994 

68 -S 
994 

69 '8 
994 

70-8 
994 

71  -8 
994 

72-8 
993 

73-8 
993 

74-8 
993 

75-9 
993 

76-9 
993 

77  9 

993 

68-4 
993 

69-4 

993 

70-5 
993 

71  -5 

993 

72-5 
992 

73-5 

992 

74-5 

992 

75-5 
992 

76-6 
992 

77-6 
992 

68-1 
992 

69-1 
992 

70-1 
992 

71-2 
992 

72-2 
992 

73-2 
992 

74-2 
992 

75-2 
991 

76-3 

991 

77-3 

991 

67-8 
991 

68-8 
991 

69-8 

991 

70-8 
991 

71  -8 
991 

72-8 
991 

73-9 
991 

74-9 
991 

76 
991 

77 

991 

Temperature. 
C. 

8Ic 

62c 

83c 

84c 

85c 

86c 

87c 

88c 

89c 

90c 

Deg. 
10 

11 

12 

13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

82-4 
1005 

83-4 
1005 

84-4 
1005 

85-4 
1005 

86-4 
1005 

87-4 
1005 

88-3 
1005 

89-3 

1005 

90-2 

1005 

91-2 
1005 

82-2 
1004 

83-1 
1004 

84-1 
10U4 

85-1 
1004 

86-1 
1004 

87-1 
1004 

88 
1004 

89 
1004 

90 

1004 

91 

1004 

81-9 
1003 

82-9 
1003 

83-9 

1003 

84-8 
1003 

85-8 
1003 

86-8 
1003 

87-8 
1003 

88-7 
1003 

89-7 
1003 

90-7 
1003 

81.6 
1002 

82-6 
1002 

83-6 

1002 

84 '6 
1002 

85-5 
1002 

86-5 
1002 

87-5 
1002 

88-5 
1002 

89-5 
1002 

90-5 
1002 

81-3 

1001 

82-3 
1001 

83-3 

1001 

84-3 
1001 

85-3 
1001 

86-3 
1001 

87-3 
1001 

88-2 
1001 

89-2 
1001 

90-2 
1001 

81 
1000 

82 
1000 

83 
1000 

84 
1000 

85 
1000 

86 
1000 

87 
1000 

88 
1000 

89 
1000 

90 

1000 

80-7 
999 

81  -7 
999 

S2-7 
999 

83-7 
999 

84-7 
999 

85-7 
999 

86-7 
999 

87 '7 
999 

88-7 
999 

89-7 
999 

80-4 
998 

81 '4 
998 

82-4 
998 

83-4 

998 

84-4 
998 

85-4 
998 

86-4 

998 

87-4 
998 

88-4 
998 

89-5 
998 

80-1 
997 

81-1 
997 

82-1 
997 

83-1 
997 

84-1 
997 

85-2 
997 

86-2 
997 

87-2 
997 

88-2 
997 

89-2 
997 

79-8 
996 

80-8 
996 

81-9 

990 

82-9 
996 

83-9 

996 

84-9 
996 

85-9 
996 

86-9 
996 

87-9 
996 

SS-9 
996 

79-5 
995 

SO -5 

995 

81-6 

995 

82-6 
995 

83-6 
995 

84-6 
995 

85-6 
995 

86-6 
995 

S7-7 
995 

88 -7 
995 

79-2 
994 

80-2 
994 

81-3 
994 

82-3 
994 

83-3 
994 

84-3 
994 

85-3 
994 

86-4 
994 

87-4 
994 

88-4 
994 

78-9 
993 

79-9 
993 

81 
993 

82 
993 

83 
993 

84 
993 

85 
993 

S6-1 
993 

87-1 
993 

88-2 
993 

78-6 
992 

79-6 

992 

80-7 
992 

81-7 
992 

82-7 
992 

83-8 
992 

84 -S 
992 

85-8 
992 

86-8 
992 

87-9 
992 

78-3 
991 

79-3 
991 

80-4 
991 

81-4 
991 

82-4 
991 

83-5 
991 

84-5 
991 

85-5 
991 

86-5 
991 

87-6 
991 

78 
991 

79 
991 

80-1 
990 

81-1 
990 

82-1 
990 

83-2 
990  1 

84-2 
990 

85-2 
990 

86-3 
990 

87-4 
990 

34  ALKALI. 

I  consider  the  preceding  table,  which  I  have  extracted  from  the  longer  tables  of  M, 
Gay  Lussac,  as  an  important  addition  to  the  resources  of  British  dealers  and  manufac- 
turing chemists.  With  the  aid  of  his  little  instrument,  which  may  be  got  for  a  trifle 
from  its  ingenious  maker,  M.  CoUardeau,  Rue  Faubourg  St.  Martin,  at  Paris,  or  con- 
structed by  one  of  the  London*hydromeler  artists,  the  per  centage  of  real  alcohol,  and 
the  real  value  of  any  spirituous  liquor,  may  be  determined  to  sufficient  nicety  for  most 
purposes,  in  a  far  easier  manner  than  by  any  instruments  now  used  in  this  country.  It 
has  been  adopted  by  the  Swedish  government,  with  M.  Gay  Lussac's  tables. 

M.  Gay  Lussac's  table  gives,  by  inspection,  the  true  buUf  of  the  spirits  as  corrected  for 
temperature  ;  that  is,  their  volume,  if  of  the  normal  temperature  of  15°  Cent.  (59°  Fahr.). 
Now  this  is  important  information;  for,  if  a  person  buys  1000  gallons  of  spirits  in  hot 
weather,  and  pays  for  them  exactly  according  to  their  strength  corrected  for  temperature, 
he  will  not  have  1000  gallons  when  the  weather  is  in  its  mean  state.  He  may  lose,  in 
this  way,  several  gallons  without  being  aAvare  of  it  from  his  hydrometer. 

Sometimes,  after  moist  autumns,  when  damaged  grain  abounds,  the  alcohol  distilled 
from  its  fermented  wash  contains  a  peculiar  volatile  body.  When  we  apply  our  nose 
to  this  species  of  spirits  in  its  hot  stale,  the  volatile  substance  dissolved  in  it  irritates 
the  eyes  and  nostrils  :  it  has  very  nearly  the  same  smell  as  an  alcoholic  solution  of 
cyanogen,  as  any  chemist  may  discover  by  standing  near  the  discharge  pipe  of  the  refri- 
geratory worm  of  a  raw-grain  whiskey  still.  Such  spirits  intoxicate  more  strongly  than 
pufe  spirits  of  the  same  strength,  and  excite,  in  many  persons,  even  temporary  phrensy. 
It  is  a  volatile  fatty  matter,  of  a  very  fetid  odor,  when  obtained  by  itself,  as  I  have  pro- 
cured it  in  cold  weather  at  some  of  the  great  distilleries  in  Scotland.  It  does  not  com- 
bine with  bases.  At  the  end  of  a  few  months,  it  spontaneously  decomposes  in  the  spirits, 
and  leaves  them  in  a  less  nauseous  and  noxious  state.  By  largely  diluting  the  spirits 
with  water,  and  distilling  at  a  moderate  temperature,  the  greater  part  of  this  oil  may  be 
separated.  Part  of  it  comes  over  with  the  strongest  alcohol,  and  part  with  the  latter 
runnings,  which  are  called  by  the  distillers  strong  and  weak  feints.  The  intermediate 
portion  is  purer  spirit.  The  feints  are  always  more  or  less  opalescent,  or  become  so 
on  dilution  with  water,  and  then  throw  up  an  oily  pellicle  upon  their  surface.  The 
charcoals  of  light  wood,  such  as  pine  or  willow,  well  calcined,  and  infused  in  sufficient 
quantity  with  the  spiiits  prior  to  rectification,  will  deprive  them  of  the  greater  part  of 
that  oily  contamination.  Animal  charcoal,  well  calcined,  has  also  been  found  useful; 
but  it  must  be  macerated  for  some  time  with  the  cmpyrcumatic  spirits,  before  distilla- 
tion. Another  mode  of  separating  that  offensive  oil  is,  to  agitate  the  impure  spirits 
with  a  quantity  of  a  fat  oil,  such  as  olive  oil,  or  oil  of  almonds,  to  decant  off  the  oil,  and 
re-distil  the  spirits  with  a  little  water. 

Some  foreign  chemists  direct  empyreumatic  or  rank  spirits  to  be  rectified  M'ith  the 
addition  of  chloride  of  lime.  I  have  tried  this  method  in  every  way,  and  on  a  consider- 
able scale,  but  never  found  the  spirits  to  be  improved  by  it.  They  were  rather  deterio- 
rated.    See  Brandy,  DistiUatmi,  Fermenlation,  Gin,  Rum,  Whiskey. 

Anhydrous  or  absolute  alcohol,  when  swallowed,  acts  as  a  mortal  poison,  not  only  by 
Its  peculiar  stimulus  on  the  nervous  system,  but  by  its  abstracting  the  aqueous  particles 
from  the  soft  tissue  of  the  stomach,  with  which  it  comes  in  contact,  so  as  to  destroy  its 
organization.  Alcohol  of  0-812^  consists,  by  experiments,  of  3  atoms  of  carbon,  6  of  hy- 
drogen, and  2  of  oxygen  ;  absolute  alcohol  consists,  probably,  of  2  of  carbon,  3  of  hydro- 
gen, and  1  of  oxygen. 

ALE.  The  fermented  infusion  of  pale  malted  barley,  usually  combined  willi  infusion 
of  hops.     See  Beek. 

ALEMBIC,  a  Still  ;  which  see. 

ALEMBROTH,  salt  of.  The  salt  of  wisdom,  of  the  alchemists  ;  a  compound  of  bi- 
chloride of  mercury  and  sal  ammoniac,  from  which  the  old  white  precipitate  of  mercury 
is  made. 

ALGAROTH,  powder  of.     A  compound  of  oxj'de  and  chloride  of  antimony,  being  a 
precipitate  obtained  by  pouring  water  into  the  acidulous  chloride  of  that  metal. 
ALIZARINE.     See  Madder. 

ALEAEI.  A  class  of  chemical  bodies,  distinguished  chiefly  by  their  solubility  in 
water,  and  their  power  of  neutralizing  acids,  so  as  to  form  saline  compounds.  Tlie 
alkalis  of  manufacturing  importance  are,  ammonia,  potash,  soda,  and  quinia.  These 
alkalis  change  the  purple  color  of  red  cabbage  and  radishes  to  a  green,  the  .reddened 
tincture  of  litmus  to  a  purple,  and  the  color  of  turmeric  and  many  other  yellow  dyes 
to  a  brown.  Even  when  combined  with  carbonic  acid,  the  first  three  alkalis  exercise 
this  dicoloring  power,  which  the  alkaline  earths,  lime,  and  barytes,  do  not.  The  same 
three  alkalis  have  an  acrid,  and  somewhat  urinous  taste ;  the  first  two  are  energetic 
solvents  of  animal  matter;  and  the  three  combine  with  oils,  so  as  to  form  soaps.  They 
unite  with  water  in  every  proportion,  and  also  with  eilcohol;  and  the  first  three  combine 
with  water  after  being  carbonated. 
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ALKALIMETER.  An  instrument  for  measuring  the  alkaline  force  or  purity  of  any 
of  the  alkalis  of  commerce.  It  is  founded  on  the  principle,  that  the  quantity  of  real 
alkali  present  in  any  sample,  is  proportional  to  the  quantity  of  acid  which  a  given  weight 
of  it  can  neutralize.     See  the  individual  alkalis,  Potash  and  Soda. 

ALKANA,  is  the  name  of  the  root  and  leaves  of  Lausania  inermis,  which  have  been 
long  employed  in  the  East,  to  dye  the  nails,  teeth,  hair,  garments,  &c.  The  leaves, 
ground  and  mixed  with  a  little  limewater,  serve  for  dyeing  the  tails  of  horses  in  Persia 
and  Turkey. 

ALKANET,  the  root  of.  {jinchusa  tincioria.)  A  species  of  bugloss,  cultivated 
chiefly  in  the  neighborhood  of  Montpellier.  It  aflbrds  a  fine  red  color  to  alcohol 
and  oils ;  but  a  dirty  red  to  water.  Its  principal  use  is  for  coloring  ointments,  cheeses, 
and  pommades.  The  spirituous  tincture  gives  to  white  marble  a  beautiful  deep 
stain. 

ALLIGATION.  An  arithmetical  formula,  useful,  on  many  occasions,  for  ascertaining 
the  proportion  of  constituents  in  a  mixture,  when  they  have  undergone  no  change  of 
volume  by  chemical  action.  When  alcoholic  liquors  are  mixed  Avith  water,  there  is  a 
condensation  of  bulk,  which  renders  that  arithmetical  rule  inapplicable.  The  same  thing 
holds,  in  some  measure,  in  the  union  of  metals  by  fusion.     See  Alloy. 

ALLOY.  {Jllliage,  Fr. ;  Legirung,  Germ.)  This  term  formerly  signified  a  compound 
of  gold  and  silver,  with  some  metal  of  inferior  value,  but  it  now  means  any  compound 
•)f  any  two  or  more  metals  whatever.  Thus,  bronze  is  an  alloy  of  copper  and  tin  ;  brass, 
in  alloy  of  copper  and  zinc ;  and  type  metal,  an  alloy  of  lead  and  antimony.  All  the 
alloys  possess  metallic  lustre,  even  when  cut  or  broken  to  pieces  ;  they  are  opaque  ;  are 
excellent  conductors  of  heat  and  electricity ;  are  frequently  susceptible  of  crystallizing ; 
are  more  or  less  ductile,  malleable,  elastic,  and  sonorous.  An  alloy  which  consists  of 
metals  diflerently  fusible  is  usually  malleable  in  the  cold,  and  brittle  when  hot,  as  is  ex- 
emplified with  brass  and  gong  metal. 

Many  alloys  consist  of  definite  or  equivalent  proportions  of  the  simple  component 
metals,  though  some  alloys  seem  to  form  in  any  proportion,  like  combinations  of  salt  or 
sugar  with  water.  It  is  probable  that  peculiar  properties  belong  to  the  equivalent  or 
atomic  ratio,  as  is  exemplified  in  the  superior  quality  of  brass  Fiade  in  that  proportion. 

One  metal  does  not  alloy  indifferently  with  every  other  metal,  but  it  is  governed  in  this 
respect  by  peculiar  affinities ;  thus,  silver  will  hardly  unite  with  iron,  but  it  combines 
readily  with  gold,  copper,  and  lead.  In  comparing  the  alloys  with  their  constituent 
metals,  the  following  differences  may  be  noted  ;  in  general,  the  ductility  of  the  alloy  is 
less  than  that  of  the  separate  metals,  and  sometimes  in  a  very  remarkable  degree;  on 
the  contrary,  the  alloy  is  usually  harder  than  the  mean  hardness  of  its  constituents.  The 
mercuriaLalloys  or  amalgams  are,  perhaps,  exceptions  to  this  rule. 

The  specific  gravity  is  rarely  the  mean  between  that  of  each  of  its  constituents,  but  is 
sometimes  greater  and  sometimes  less,  indicating,  in  the  former  case,  an  approximation, 
and  in  the  latter,  a  recedure,  of  the  particles  from  each  other  in  the  act  of  their 
union.  The  following  tables  of  binary  alloys  exhibit  this  circumstance  in  experimental 
detail : — 


Alloys  having-  a  density  greater  than  the 
mean  of  their  constituents. 

Gold  and  zinc 
Gold  and  tin 
Gold  and  bismuth 
Gold  and  antimony 
Gold  and  cobalt 
Silver  and  zinc 
Silver  and  lead 
Silver  and  tin 
Silver  and  bismuth 
Silver  and  antimony 
Copper  and  zinc 
Copper  and  tin 
Copper  and  palladium 
Copper  and  bismuth 
Lead  and  antimony 
Platinum  and  molybdinum 
Palladium  and  bismuth. 


Alloys  having  a  density  less  than  the 
mean  of  their  constituents. 

Gold  and  silver 
Gold  and  iron 
Gold  and  lead 
Gold  and  copper 
Gold  and  iridium 
Gold  and  nickel 
Silver  and  copper 
Silver  and  lead 
Iron  and  bismuth 
Iron  and  antimony 
Iron  and  lead 
Tin  and  lead 
Tin  and  palladium 
Tin  and  antimony 
Nickel  and  arsenic 
Zinc  and  antimony. 


It  would  be  hardly  possible  to  infer  the  melting  point  of  an  aUoy  from  that  of  each  of 
its  constituent  metals ;  but,  in  general,  the  fusibility  is  increased  by  mutual  affi- 
nity in  their  state  of  combination.  Of  this,  a  remarkable  instance  is  afforded  in  the 
fusible  metal  consisting  of  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  which  melts  at  the 
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heat  of  boiling  water,  or  212°  Fahr.,  though  the  melting  point  deduced  from  the  mean  of 
its  components  should  be  514°.  This  alloy  may  be  rendered  still  more  fusible  hy  adding 
a  very  little  mercury  to  it,  when  it  forms  an  excellent  material  for  certain  anatomical  in- 
jections, and  for  filling  the  hollows  of  carious  teeth.  Nor  do  the  colors  of  alloys  depend, 
in  any  considerable  degree,  upon  those  of  the  separate  metals;  thus,  the  color  of  copper, 
instead  of  being  rendered  paler  by  a  large  addition  of  zinc,  is  thereby  converted  into  the 
rich-looking  pinchbeck  metal. 

By  means  of  alloys,  we  multiply,  as  it  were,  the  numbers  of  useful  metals,  and  some- 
times give  usefulness  to  such  as  are  separately  of  little  value.  Since  these  compounds 
can  be  formed  only  by  fusion,  and  since  many  metals  are  apt  to  oxydize  readily  at  their 
melting  temperature,  proper  precautions  must  be  taken  in  making  alloys  to  prevent  this 
occurrence,  which  is  incompatible  wilh  theii;  formation.  Thus,  in  combining  tin  and  lead, 
rosin  or  grease  is  usually  put  on  the  surface  of  the  melting  metals,  the  carbon  produced 
by  the  decomposition  of  which  protects  them,  in  most  cases,  sufficiently  from  oxydizement. 
When  we  wish  to  combine  tin  with  iron,  as  in  the  tinning  of  cast-iron  tea  kettles,  we 
rub  sal  ammoniac  upon  the  surfaces  of  the  hot  metals  in  contact  with  each  otlier,  and 
thus  exclude  the  atmospheric  oxygen  by  means  of  its  fumes.  When  there  is  a  notable 
difference  in  the  specific  gravities  of  the  metals  which  we  wish  to  combine,  we  often  find 
great  difficulties  in  obtaining  homogeneous  alloys;  for  each  metal  may  tend  to  assume 
the  level  due  to  its  density,  as  is  remarkably  exemplified  in  alloys  of  gold  and  silver 
made  without  adequate  stirring  of  the  melting  metals.  If  the  mass  be  large,  and  slow 
of  cooling,  after  it  is  cast  in  an  upright  cylindrical  form,  the  metals  sometimes  separate, 
to  a  certain  degree,  in  the  order  of  their  densities.  Thus,  in  casting  large  bells  and 
cannons  with  copper  alloys,  the  bottom  of  the  casting  is  apt  to  contain  too  much  copper  and 
the  top  too  nwjch  tin,  unless  very  dexterous  manipulation  in  mixing  the  fused  materials 
have  been  employed  immediately  before  the  instant  of  pouring  out  the  melted  mass. 
When  such  inequalities  are  observed,  the  objects  are  broken  and  re-melted,  after  which 
they  form  a  much  more  homogeneous  alloy.  This  artifice  of  a  double  melting  is  often 
had  recourse' to,  and  especially  in  casting  the  alloys  for  the  specula  of  telescopes. 

When  we  wish  to  alloy  three  or  more  metals,  we  often  experience  difficulties,  either 
because  one  of  the  metals  is  more  oxydable,  or  denser,  or  more  fusible,  than  the  others, 
or  because  there  is  no  direct  affinity  between  two  of  the  metals.  In  the  latter  predica- 
ment, we  shall  succeed  better  by  combining  the  three  metals,  first  in  pairs,  for  example, 
and  then  meltinc;  the  two  pairs  together.  Thus,  it  is  difficult  to  unite  iron  with  bronze 
directly ;  but  if,  instead  of  iron,  we  use  tin  plate,  we  shall  immediately  succeed,  and  the 
bronze,  in  this  manner,  acquires  valuable  qualities  from  the  iron.  Thus,  also,  to  render 
brass  better  adapted  for  certain  purposes,  a  small  quantity  of  lead  ought  to  be  added  to 
it,  but  this  cannot  be  done  directly  with  advantage :  it  is  better  to  melt  the  lead  first 
along  with  the  zinc,  and  then  to  add  this  alloy  to  the  melting  copper,  or  the  copper  to 
?hat  alloy,  and  fuse  them  together. 

We  have  said  that  the  difierence  of  fusibility  was  often  an  obstacle  to  metallic  com- 
bination ;  but  this  circumstance  may  also  be  turned  to  advantage  in  decomposing  certain 
alloys  by  the  process  called  eliqualimi.  By  this  means  silver  may  be  separated  from 
copper,  if  a  considerable  quantity  of  lead  be  first  alloyed  with  the  said  copper;  this 
alloy  is  next  exposed  to  a  heat  just  sufficient  to  melt  the  lead,  which  tlien  sweats  out,  so 
to  speak,  from  the  pores  of  the  copper,  and  carries  along  v/ith  it  the  greater  part  of  the 
silver,  for  which  it  has  a  strong  affinity.  The  lead  and  the  silver  are  afterwards  sepa- 
rated from  each  other,  in  virtue  of  their  very  different  oxydability,  by  the  action  of 
heat  and  air. 

One  of  the  alloys  most  useful  to  the  arts  is  brass ;  it  is  more  ductile  and  less  easily 
oxydized  than  even  its  copper  constituent,  notwithstanding  the  opposite  nature  of  the 
zinc.  This  alloy  may  exist  in  many  different  proportions,  under  which  it  has  different 
names,  as  tombac,  similor,  pinchbeck,  &c.  Copper  and  tin  form,  also,  a  compound  of 
remarkable  utility,  known  under  the  names  of  haid  brass,  for  the  bushes,  steps,  and 
bearings  of  the  axles,  arbors,  and  spindles  in  machinery  ;  and  of  bronze,  bell-metal,  &,c. 
Gold  and  silver,  in  their  pure  state,  are  too  soft  and  flexible  to  form  either  vessels  or 
coins  of  sufficient  strength  and  durability ;  but  when  alloyed  with  a  little  copper,  they  ac- 
quire the  requisite  hardness  and  stiffness  for  these  and  other  purposes. 

When  we  have  occasion  to  unite  several  pieces  of  the  same  or  of  different  metals,  we 
employ  the  process  called  soldering,  which  consists  in  fixing  together  the  surfaces  by 
means  of  an  interposed  alloy,  which  must  be  necessarily  more  fusible  than  the  metal  or 
metals  to  be  joined.  That  alloy  must  also  consist  of  metals  which  possess  a  strong 
affinity  for  the  substances  to  be  soldered  together.  Hence  each  metal  would  seem  to 
require  a  particular  kind  of  solder,  which  is,  to  a  certain  extent,  true.  Thus,  the  solder 
for  gold  trinkets  and  plate  is  an  alloy  of  gold  and  silver,  or  gold  and  copper  ;  that  of 
silver  trinkets,  is  an  alloy  of  silver  and  copper ;  that  of  copper  is  either  fine  tin,  for 
pieces  that  must  not  be  exposed  to  the  fixe,  or  a  brassy  alloy  called  hard  solder,  of  which 
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the  zinc  forms  a  considerable  proportion.  The  solder  of  lead  and  tinplate  is  an  aiioy  of 
lead  and  tin,  and  that  of  tin  is  the  same  alloy  with  a  little  bismuth.  Tinning,  gilding, 
and  silvering  may  also  be  reckoned  a  species  of  alloys,  since  the  tin,  gold,  and  silver  are 
superficially  united  in  these  cases  to  other  metals. 

Metallic  alloys  possess  usually  more  tenacity  than  could  be  inferred  from  their  con- 
stituents ;  thus,  an  alloy  of  twelve  parts  of  lead  with  one  of  zinc  has  a  tenacity  double 
that  of  zinc.  Metallic  alloys  are  much  more  easily  oxydized  than  the  separate  metals,  a 
phenomenon  which  may  be  ascribed  to  the  increase  of  affinity  for  oxygen  which  results 
from  the  tendency  of  the  one  of  the  oxydes  to  combine  with  the  other.  An  alloy  of  tin 
and  lead  heated  to  redness  takes  fire,  and  continues  to  burn  for  some  time  like  a  piece 
of  bad  turf. 

Every  alloy  is,  in  reference  to  the  arts  and  manufactures,  a  new  metal,  on  account  of 
its  chemical  and  physical  properties.  A  vast  field  here  remains  to  be  explored.  Not  above 
sixty  alloys  have  been  studied  by  the  chemists  out  of  many  hundred  which  may  be  made ; 
and  of  these  very  few  have  yet  been  practically  employed.  Very  slight  modifications 
often  constitute  very  valuable  improvements  upon  metallic  bodies.  Thus,  the  brass  most 
esteemed  by  turners  at  the  lathe  contains  from  two  to  three  per  cent,  of  lead ;  but  such 
brass  does  not  work  well  under  the  hammer ;  and,  reciprocally,  the  brass  wliich  is  best 
under  the  hammer  is  too  tough  for  turning. 

That  metallic  alloys  tend  to  be  formed  in  definite  proportions  of  their  constituents  is 
clear  from  the  circumstance  that  the  native  gold  of  the  auriferous  sands  is  an  alloy  with 
silver,  in  the  ratios  of  1  atom  of  silver  united  to  4,  5,  6, 12  atoms  of  gold,  but  never  with 
a  fractional  part  of  an  atom.  Also,  in  making  an  amalgam  of  1  part  of  silver  with  12 
or  15  of  mercury,  and  afterwards  squeezing  the  mixture  through  chamois  leather,  the 
amalgam  separates  into  2  parts  :  one,  containing  a  small  proportion  of  silver  and  much 
mercury,  passes  through  the  skin  ;  and  the  other,  formed  of  1  of  silver  and  8  of  mercury, 
is  a  compound  in  definite  proportions,  which  crystallizes  readily,  and  remains  in  the  knot 
of  the  bag.  An  analogous  separation  takes  place  in  the  tinning  of  mirrors  ;  for  on  load- 
ing them  with  the  weights,  a  liquid  amalgam  of  tin  is  squeezed  out,  while  another  amal- 
gam remains  in  a  solid  form  composed  of  tin  and  mercurj^  in  uniform  atomic  proportions. 
But,  as  alloys  are  generally  soluble,  so  to  speak,  in  each  other,  this  definiteness  of  com- 
bination is  masked  and  disappears  in  most  cases. 

M.  Chaudet  has  made  some  experiments  on  the  means  of  detecting  the  metals  of 
alloys  by  the  cupelling  furnace,  and  they  promise  useful  applications.  The  testing 
depends  upon  the  appearances  exhibited  by  the  metals  and  their  alloys  when  heated  on  a 
cupel.  Pure  tin,  when  heated  this  way,  fuses,  becomes  of  a  grayish  black  color,  fumes 
a  little,  exhibits  incandescent  points  on  its  surface,  and  leaves  an  oxyde,  which,  when 
withdrawn  from  the  fire,  is  at  first  lemon-yellow,  but  when  cold,  white.  Antimony 
melts,  preserves  its  brilliancy,  fumes,  and  leaves  the  vessel  colored  lemon-yellow  when 
hot,  but  colorless  when  cold,  except  a  few  spots  of  a  rose  tint.  Zinc  burns  brilliantly, 
forming  a  cone  of  oxyde;  and  the  oxyde,  much  increased  in  volume,  is,  when  hot,  green- 
ish, but  when  cold,  perfectly  white.  Bismuth  fumes,  becomes  covered  with  a  coat  of 
melted  oxyde,  part  of  which  sublimes,  and  the  rest  enters  the  pores  of  the  cupel ;  when 
cold,  the  cupel  is  of  a  fine  yellow  color,  with  spots  of  a  greenish  hue.  Lead  resembles 
bismuth  very  much ;  the  cold  cupel  is  of  a  lemon-yellow  color.  Copper  melts,  and  be- 
comes covered  with  a  coat  of  black  oxyde  ;  sometimes  spots  of  a  rose  tint  remain  on  the 
cupel. 

Alloys.—  Tin  75,  antimony  25,  melt,  become  covered  with  a  coat  of  black  oxyde, 
have  very  few  incandescent  points;  when  cold,  the  oxyde  is  nearly  black,  in  con- 
sequence of  the  action  of  the  antimony  :  a  jqo'  P^'t  of  antimony  may  be  ascertained  in 
this  way  in  the  alloy.  An  alloy  of  antimony,  containing  tin,  leaves  oxyde  of  tin  in  the 
cupel :  a  jQQ  part  of  tin  may  be  detected  in  this  way.  An  alloy  of  tin  and  zinc  gives  an 
oxyde  which,  while  hot,  is  of  a  green  tint,  and  resembles  philosophic  wool  in  appearance. 
An  alloy  containing  99  tin,  1  zinc,  did  not  present  the  incandescent  points  of  pure  tin, 
and  gave  an  oxyde  of  greenish  tint  when  cold.  Tin  95,  bismuth  5  parts,  gave  an  oxyde 
of  a  gray  color.  Tin  and  lead  give  an  oxyde  of  a  rusty  brown  color.  An  alloy  of  lead 
and  tin,  containing  only  1  per  cent,  of  the  latter  metal,  when  heated,  does  not  expose  a 
clean  surface,  like  lead,  but  is  covered  at  times  with  oxyde  of  tin.  Tin  75,  and  copper 
25,  did  not  melt,  gave  a  black  oxyde  :  if  the  heat  be  much  elevated,  the  under  part  of 
the  oxyde  is  white,  and  is  oxyde  of  tin ;  the  upper  is  black,  and  comes  from  the  copper. 
The  cupel  becomes  of  a  rose  color.  If  the  tin  be  impure  from  iron,  the  oxyde  produced 
by  it  is  marked  with  spots  of  a  rust  color. 

The  degree  of  affinity  between  metals  may  be  in  some  measure  estimated  by  the 
greater  or  less  facility  with  which,  when  of  different  degrees  of  fusibility  or  volatility, 
they  unite,  or  with  which  they  can,  after  union,  be  separated  by  heat.  The  greater  or 
less  tendency  to  separate  into  diflerently  proportioned  alloys,  by  long-continued  fusion, 
may  also  give  some  information  upon  the   subject.     Mr.  Hatchett  remarked,  in  his 
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elaborate  researches  on  metallic  alloj's,  that  gold  made  standard  with  the  usual  precau- 
tions, by  silver,  copper,  lead,  antimony,  &c.,  and  then  cast,  after  long  fusion,  into  veilical 
bars,  was  by  no  means  a  uniform  compound;  but  that  the  top  of  the  bar,  corresponding 
to  the  metal  at  the  bottom  of  the  crucible,  contained  the  larger  proportion  of  gold. 
Hence,  for  a  more  thorough  combination,  two  red-hot  crucibles  should  be  employed,  and 
the  liquefied  metals  should  be  alternately  poured  from  the  one  into  the  other.  To  pre- 
vent unnecessary  oxydizement  from  the  air,  the  crucibles  should  contain,  besides  the 
metal,  a  mixture  of  common  salt  and  pounded  charcoal.  The  metallic  alloy  should  also 
be  occasionally  stirred  up  with  a  rod  of  pottery  ware. 

The  most  direct  evidence  of  a  chemical  change  having  been  effected  in  alloys  is,  when 
the  compound  melts  at  a  lower  temperature  than  the  mean  of  its  intiredients.  Iron, 
which  is  nearly  infusible,  acquires  almost  the  fusibility  of  gold  when  alloyed  with  this 
precious  metal.  The  analogy  is  here  strong  with  the  increase  of  solubility  which  salts 
acquire  by  mixture,  as  is  exemplified  in  the  difficulty  of  crystallizing  residuums  of  saline 
solutions,  or  mother  waters,  as  they  are  called. 

In  common  cases  the  specific  gravity  aflbrds  a  good  criterion  whereby  to  judge  of  the 
proportion  of  two  metals  in  an  alloy.  But  a  very  fallacious  rule  has  been  given  in  some 
respectable  works  for  computing  the  specific  gravity  that  should  result  from  the  alloying 
of  given  quantities  of  two  metals  of  known  densities,  supposing  no  chemical  condensation 
or  expansion  of  volume  to  take  place.  Thus,  it  has  been  taught,  that  if  gold  and  copper 
be  united  in  equal  weights,  the  computed  specific  gravity  is  merely  the  arithmetical 
mean  between  the  numbers  denoting  the  two  specific  gravities.  "Whereas  the  specific 
gravity  of  any  alloy  must  be  computed  by  dividing  the  sum  of  the  two  weights  by  the 
sum  of  the  two  volumes,  compared,  for  convenience  sake,  to  water  reckoned  unity.  Or, 
in  another  form,  the  rule  may  be  stated  thus  : — Multiply  the  sum  of  the  weights  into 
the  products  of  the  two  specific-gravity  numbers  for  a  numerator ;  and  multiply  each 
specific  gravity-number  into  the  weight  of  the  other  body,  and  add  the  two  products 
together  for  a  denominator.  The  quotient  obtained  by  dividing  the  said  numerator  by 
the  denominator,  is  the  truly  computed  mean  specific  gravity  of  the  alloy.  On  com- 
paring with  that  density,  the  density  found  by  experiment,  we  shall  see  whether  expan- 
sion or  condensation  of  volume  has  attended  the  metallic  combination.  Gold  having  a 
specific  gravity  of  19*36,  and  copper  of  8'87,  when  they  are  alloyed  in  equal  weights,  give, 

by  the  fallacious  rule  of  the  arithmetical  mean  of  the  densities '. IL =  14'1]  : 

2 
whereas  the  rightly  computed  mean  density  is  only  12'16.  It  is  evident  that,  on  com- 
paring the  first  result  with  experiment,  we  should  be  led  to  infer  that  there  had  been  a 
prodigious  condensation  of  volume,  though  expansion  has  actually  taken  place.  Let 
W,  w  be  the  two  weights ;  P,  p  the  two  specific  gravities,  then  M,  the  mean  specific 
gravity,  is  given  by  the  formula — 

(W  4-  W)  Pp  (P— P)2 

M  =     p       ,     '         ::  2  A  =  —  ~T^  =  twice 
Pw  -j-  pW  P  +  P 

the  error  of  the  arithmetical  mean  ;  which  is  therefore  always  in  excess. 

ALMOND,  (jlmande,  Fr. ;  Mandel,  Germ.)  There  are  two  kinds  of  almond  which 
do  not  diifer  in  chemical  composition,  only  that  the  bitter,  by  some  mysterious  re-aciion 
of  its  constituents,  generates  in  the  act  of  distillation  a  quantity  of  a  volatile  oil,  which 
contains  hydrocyanic  acid.  Vogel  obtained  from  bitter  almonds  8-5  per  cent,  of  husks. 
After  pounding  the  kernels,  and  heating  them  to  coagulate  the  albumen,  he  procured, 
by  expression,  28  parts  of  an  unctuous  oil,  which  did  not  contain  the  smallest  particle 
of  hydrocyanic  acid.  The  whole  of  the  oil  could  not  be  extracted  in  this  way.  The 
expressed  mass,  treated  with  boiling  water,  afforded  sugar  and  gum,  and,  in  consequence 
of  the  heat,  some  of  that  acid.  The  sugar  constitutes  6-5  per  cent,  and  the  gum  3.  The 
vegetable  albumen  extracted,  by  means  of  caustic  potash,  amounted  to  30  parts :  the 
vegetable  fibre  to  only  5.  The  poisonous  aromatic  oil,  according  to  Robiquet  and  Bou- 
tron-Charlard,does  not  exist  ready-formed  in  the  bitter  almond,  but  seems  to  be  produced 
under  the  influence  of  ebullition  with  water.  These  chemists  have  shown  that  bitter  al- 
monds deprived  of  their  unctuous  oil  by  the  press,  when  treated  first  by  alcohol,  and  then 
by  water,  aftbrd  to  neither  of  these  liquids  any  volatile  oil.  But  alcohol  dissolves  out  a 
peculiar  white  crystalline  body,  without  smell,  of  a  sweetish  taste  at  first,  and  afterwards 
bitter,  to  which  they  gave  the  name  of  amygdaline.  This  substance  does  not  seem  con- 
vertible into  volatile  oil. 

Sweet  almonds,  by  the  analysis  of  Boullay,  consist  of  54  parts  of  the  bland  almond  oil, 
6  of  uncrystallizable  sugar,  3  of  gum,  24  of  vegetable  albumen,  24  of  woody  fibre,  5  of 
husks,  3-5  of  water,  0*5  of  acetic  acid,  including  loss.  We  thus  see  that  sweet  almonds 
contain  nearly  twice  as  much  oil  as  bitter  almonds  do. 

ALMOND  OIL.  A  bland  fixed  oil,  obtained  usually  from  bitter  almonds  by  the  ac- 
tion of  a  hydraulic  press,  either  in  the  cold,  or  aided  by  hot  iron  plates.     See  Oil- 
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ALOE.  A  series  of  trials  has  been  made  within  a  fe\t  years  at  Paris  to  ascertain  the 
comparative  strength  of  cables  made  of  hemp  and  of  the  aloe  from  Algiers  ;  and  they 
are  said  to  have  all  turned  to  the  advantage  of  the  aloe.  Of  cables  of  equal  size,  that 
made  of  aloe  raised  a  weight  of  2,000  kilogrammes  (2  tons  nearly) ;  that  made  of  hemp, 
a  weight  of  only  400  kilogrammes.  At  the  exposition  of  objects  of  national  industry, 
two  years  ago,  in  Brussels,  I  saw  aloe  cordage  placarded,  as  being  far  preferable  to  hempen. 
See  RocE. 

ALUDEL.  A  pear-shaped  vessel  open  at  either  end,  of  which  a  series  are  joined 
for  distilling  mercury  in  Spain.     See  Mercury. 

ALUM.  {Alun,  Fr. ;  Mathm,  Germ.)  A  saline  body,  consisting  of  the  earth  of  clay, 
called  alumina  by  the  chemists,  combined  with  sulphuric  acid  and  potash,  or  sulphiiric 
acid  and  ammonia,  into  a  triple  compound.  It  occurs  in  the  crystallized  form  of  octahe- 
drons, has  an  acerb  subacid  taste,  and  reddens  the  blue  color  of  litmus  or  red  cabbage. 

Alum  works  existed  many  centuries  ago  at  Roccha,  formerly  called  Edessa,  in  Syria, 
whence  the  ancient  name  of  Roch  alum  given  to  this  salt.  It  was  afterwards  made  at 
Foya  Nova,  near  Smyrna,. and  in  the  neighborhood  of  Constantinople.  The  Genoese, 
and  other  trading  people  of  Italy,  imported  alum  from  these  places  into  western  Europe, 
for  the  use  of  the  dyers  of  red  cloth.  About  the  middle  of  the  fifteenth  century,  alum  began 
to  be  manufactured  at  La  Tolfa,  Viterbo,  and  Volaterra,  in  Italy ;  after  which  time  the 
importation  of  oriental  alum  was  prohibited  by  the  pope,  as  detrimental  to  the  interests 
of  his  dominions.  The  manufacture  of  this  salt  was  extended  to  Germany  at  the  begin- 
ning of  the  sixteenth  century,  and  to  England  at  a  somewhat  later  period,  by  Sir 
Thomas  Chaloner,  in  the  reign  of  Elizabeth.  In  its  pure  state,  it  does  not  seem  to  have 
been  known  to  the  ancients;  for  Pliny,  in  speaking  of  something  like  plumose  alum, 
says,  that  it  struck  a  black  color  with  pomegranate  juice,  which  shows  that  the  green 
vitriol  was  not  separated  from  it.  The  stypteria  of  Dioscorides,  and  the  alumea  of 
Pliny,  comprehended,  apparently,  a  variety  of  saline  substances,  of  which  sulphate  of 
iron,  as  well  as  alumina,  was  probably  a  constituent  part.  Pliny,  indeed,  says,  that  a 
substance  called  in  Greek  'Yypa,  or  watery,  probably  from  its  very  soluble  nature,  which 
was  milk-white,  was  used  for  dyeing  wool  of  bright  colors.  This  may  have  been  the 
mountain  butter  of  the  German  mineralogists,  which  is  a  native  sulphate  of  alumina,  of 
a  soft  texture,  waxy  lustre,  and  unctuous  to  the  touch. 

The  only  alum  manufactories  now  worked  in  Great  Britain,  are  those  of  Whitby,  in 
England,  and  of  Hurlett  and  Campsie,  near  Glasgow,  in  Scotland ;  and  these  derive  the 
acid  and  earthy  constituents  of  the  salt  from  a  mineral  called  alum  slate.  This  mineral 
has  a  blueish  or  greenish-black  color,  emits  sulphurous  fumes  when  heated,  and  acquires 
thereby  an  aluminous  taste.  The  alum  manufactured  in  Great  Britain  contains  potash 
as  its  alkaline  constituent ;  that  made  in  France  contains,  commonly,  ammonia,  either 
alone,  or  with  vai'iable  quantities  of  potash.  Alum  may  in  general  be  examined  by  water 
of  ammonia,  which  separates  from  its  watery  solutions  its  earthy  basis,  in  the  form  of  a 
light  flocculent  precipitate.  If  the  solution  be  dilute,  this  precipitate  will  float  long  as 
an  opalescent  cloud. 

If  we  dissolve  alum  in  20  parts  of  water,  and  drop  this  solution  slowly  into  water  or 
caustic  ammonia  till  this  be  nearly,  but  not  entirely,  saturated,  a  bulky  white  precipitate 
will  fall  down,  which,  when  properly  washed  with  water,  is  pure  aluminous  earth  or 
clay,  and  dried  forms  10"82  per  cent,  of  the  weight  of  the  aliun.  If  this  earth,  while 
still  moist,  be  dissolved  in  dilute  sulphuric  acid,  it  will  constitute,  when  as  neutral 
as  possible,  the  sulphate  of  alumina,  which  requires  only  two  parts  of  cold  water  for  its 
solution.  If  we  now  decompose  tliis  solution,  by  pouring  into  it  water  of  ammonia, 
there  appears  an  insoluble  white  powder,  which  is  subsulphate  of  alumina,  or  basic  alum; 
and  contains  three  times  as  much  earth  as  exists  in  the  neutral  sulphate.  If,  however, 
we  pour  into  the  solution  of  the  neutral  sulphate  of  alumina  a  solution  of  sulphate  of 
potash,  a  white  powder  will  fall  if  the  solutions  be  concentrated,  which  is  true  ahnn  ;  but 
if  the  solutions  be  dilute,  by  evaporating  their  mLxture,  and  cooling  it,  crystals  of  alum 
wUl  be  obtained. 

When  newly  precipitated  alumina  is  boiled  in  a  solution  of  alum,  a  portion  of  the 
earth  enters  into  combination  with  the  salt,  constituting  an  insoluble  compound,  which 
falls  in  tlie  form  of  a  white  powder.  The  same  combmation  talics  place,  if  we  decom- 
pose a  boiling  hot  solution  of  alum  with  a  solution  of  potash,  till  the  mixture  appears 
nearly  neutral  by  litmus  paper.  This  insoluble  or  basic  alum  exists  native  in  the 
alum-stone  of  Tolfa,  near  Civita  Vecchia,  and  it  consists  in  100  parts  of  19-72  parts  of 
sulphate  of  potash,  61-99  basic  sulphate  of  alumina,  and  18-29  water.  When  this 
mineral  is  treated  with  a  due  quantity  of  sulpliuric  acid,  it  dissolves,  and  is  converted 
into  the  crystaUizable  alum  of  commerce. 

These  experimental  facts  develop  the  principles  of  the  manufacture  of  alum,  which 
is  prosecuted  under  various  modifications,  for  its  important  uses  in  the  arts.  Alum 
seldom  occurs  ready- formed  in  nature;  occasionally,  as  an  efflorescence  on  stone-s,  and  in 
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certain  mineral  waters  in  the  East  Indies.  The  alum  of  European  commerce  is  fabricated 
artificially,  either  from  the  alum  schists  or  stones,  or  from  clay.  The  mode  of  manufacture 
differs  according  to  the  nature  of  these  earthy  compounds.  Some  cf  them,  such  as  the 
alum-stone,  contain  all  the  elements  of  the  salt,  but  mixed  with  other  matters  from 
which  it  must  be  freed.  The  schists  contain  only  the  elements  of  two  of  the  constituents, 
namely,  clay  and  sulphur,  which  are  convertible  into  sulphate  of  alumina,  and  this  may 
be  then  made  into  alum  by  adding  the  alkaline  ingredient.  To  this  class  belong  the 
alum  slates,  and  other  analogous  schists,  containing  brown  coal. 

1.  Manufacture  of  Mum  from  the  Muvn.  Stone. — Tlie  alum-stone  is  a  rare  mineral,  being 
found  in  moderate  quantitj'  at  Tolfa,  and  in  larger  in  Hungary,  at  Beregliszasz,  and  Mus- 
za<^,  where  it  forms  entire  beds  in  a  hard  substance,  partly  characterized  by  numerous 
cavities,  containing  dnisy  crystallizations  of  alum-stone  or  basic  alum.  The  larger 
lumps  contain  more  or  fewer  flints  disseminated  through  them,  and  are,  according  to 
their  qualitj',  either  picked  out  to  make  alum,  or  are  thrown  away.  The  sorted  pieces 
are  roasted  or  calcined,  by  which  operation  apparently  the  hydrate  of  alumina,  associated 
with  the  sulphate  of  alumina,  loses  its  water,  and,  as  burnt  clay,  loses  its  affinity  for 
alum.  It  becomes,  therefore,  free  ;  and  during  the  subsequent  exposure  to  the  weather 
the  stone  gets  disintegrated,  and  the  alum  becomes  soluble  in  water. 

The  calcination  is  performed  in  common  lune-kilns  in  the  ordinary  way.  In  the 
regulation  of  the  fire  it  is  requisite,  here,  as  with  gypsum,  to  prevent  any  fusion  or 
running  together  of  the  stones,  or  even  any  disengagement  of  sulphuric  or  sulphurous 
acids,  which  would  cause  a  corresponding  defalcation  in  the  product  of  alum.  For  this 
reason  the  contact  of  the  ignited  stones  with  carbonaceous  matter  ought  to  be  avoided. 

The  calcined  alum-stones,  piled  in  lieaps  from  2  to  3  feet  high,  are  to  be  exposed  to 
the  weather,  aiKl  meanwhile  they  must  be  continually  kept  moist  by  sprinkling  them 
with  water.  As  the  water  combines  with  the  alum  the  stones  crumble  down,  and  fall, 
eventually,  into  a  pasty  mass,  which  must  be  lixiviated  with  warm  water,  and  allowed  to 
settle  in  a  large  cistern.  The  clear  supernatant  liquor,  being  drawn  off,  must  be 
evaporated,  and  then  crystallized.  A  second  crystallization  finishes  the  process,  and  fur- 
nishes a  marketable  alum.  Thus  the  Roman  alum  is  made,  which  is  covered  with  a 
fine  red  film  of  peroxyde  of  iron. 

2.  Alum  Maniifaciure  from  Mum  Schist. — The  greater  portion  of  the  alum  found  in 
British  commerce  is  made  from  alum-slate  and  analogous  minerals.  This  slate  contains 
more  or  less  iron  p\Titcs,  mixed  with  c_paly  or  bituminous  matter,  which  is  occasionally 
so  abundant  as  to  render  them  somewhat  combustible.  In  the  strata  of  brown  ccal  and 
bituminous  wood,  where  the  upper  layers  lie  immediately  under  clay  beds,  they  consist 
of  the  coaly  substance  rendered  impure  with  clay  and  pyrites.  This  triple  mixture 
constitutes  the  essence  of  all  good  alum  schists,  and  it  operates  spontaneously  towards 
the  production  of  sulphate  of  alumina.  The  coal  serves  to  make  the  texture  open,  and 
to  allow  the  air  and  moisture  to  penetrate  freely,  and  to  change  the  sulphur  and  iron  pre- 
sent into  acid  and  oxydc.  When  these  schists  are  exposed  to  a  high  temperature  in 
contact  with  air,  the  pyrites  loses  one  half  of  its  sulphur,  in  the  form  of  sublimed 
sulphur  or  sulphurous  acid,  and  becomes  a  black  sulphuret  of  iron,  which  speedily 
attracts  oxygen,  and  changes  to  sulphate  of  iron,  or  green  vitriol.  The  brown  coal  schists 
contain,  commonly,  some  green  vitriol  crystals,  spontaneously  formed  in  them.  The 
sulphate  of  iron  transfers  its  acid  to  the  clay,  progressively,  as  the  iron,  by  the  action 
of  the  air  with  a  little  elevation  of  temperature,  becomes  peroxjdized  ;  whereby  sulphate 
of  alumina  is  produced.  A  portion  cf  the  green  vitriol  remains,  however,  undeccmposed, 
and  so  much  the  more  as  there  m.ay  happen  to  be  less  of  other  salifiable  bases  present  in 
the  clay  slate.  Should  a  little  magnesia  cr  lime  be  present,  the  vitriol  gets  more 
completely  decomposed,  and  a  portion  cf  Epsom  salt  and  gj'psum  is  produced. 

The  manufacture  of  alum  from  alum  schists  may  be  distributed  under  the  six  following 
heads: — 1.  The  preparation  of  the  alum  slate.  2.  The  lixiviation  cf  the  slate.  3.  The 
evaporation  of  the  lixivium.  4.  The  addition  of  the  saline  ingrpdients,  or  the  pre- 
cipitation of  the  alum.  5.  The  washing  of  the  aluminous  salts ;  and,  6.  The  crys 
tallization. 

1.  Preparation  of  the  Jlhm  Stale. — Some  alum  slates  are  of  such  a  nature  that, 
being  piled  in  heaps  in  the  open  air,  and  moistened  from  time  to  time,  they  get  spon- 
taneously hot,  and  by  degrees  fall  into  a  pulverulent  mass,  ready  to  be  lixiviated.  The 
greater  part,  however,  require  the  process  of  ustulation,  from  which  they  derive  many 
advantages.  The  cohesion  of  the  dense  slates  is  thereby  so  much  impaired  that  their  de- 
composition becomes  more  rapid ;  the  decomposition  of  the  pyrites  is  quickened  by  the 
expulsion  of  a  portion  of  the  sulphur ;  and  the  ready-formed  green  vitriol  is  partly 
decomposed  by  the  heat,  with  a  transference  of  its  sulphuric  acid  to  the  clay,  and 
the  production  jof  sulphate  of  alumina. 

Such  alum-slates  as  contain  too  little  bitumen  or  coal  for  the  roasting  process  must  be 
mterstratified  with  layers  of  small  coal  or  brushwood  over  an  extensive  surface.     At 
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Whitby  the  alum  rock,  broken  into  small  pieces,  is  laid  upon  a  horizontal  bed  of  fuel, 
composed  of  brushwood ;  but  at  Hurlett  small  coal  is  chiefly  used  for  the  lower  bed. 
When  about  lour  feet  of  the  rock  is  piled  on,  fire  is  set  to  the  bottom  in  various  parts ;  and 
whenever  the  mass  is  fairly  kindled,  more  rock  is  placed  over  the  top.  At  Whitby  this 
p  lin^  process  is  continued  till  the  calcining  heap  fs  raised  to  the  height  of  90  or  100  feet. 
The  horizontal  area  is  also  ausmented  at  the  same  time  till  it  forms  a  great  bed  nearly 
200  feet  siuare,  having  therefore  about  100,000  yards  of  solid  measurement.  The  ra- 
pidity of  the  combustion  is  tempered  by  plastering  up  the  crevices  with  small  schist 
moistened.  When  such  an  immense  mass  is  inflamed,  the  heat  is  sure  to  rise  too  high, 
and  an  immense  waste  of  sulphur  and  sulphuric  acid  must  ensue.  This  evil  has  been 
noticed  at  the  Whitby  works.  At  Hurlett  the  height  to  which  the  heap  is  piled  is  only 
a  few  feet,  while  the  horizontal  area  is  expanded ;  which  is  a  much  more  judicious  ar- 
rangement. At  Whitby  130  tons  of  calcined  schist  produce  on  an  average  1  ton  of  alum. 
In  this  humid  climate  it  would  be  advisable  to  pile  up  on  the  top  of  the  horizontal  strata 
of  brushwood  or  coal,  and  schist,  a  pyramidal  mass  of  schist,  which  having  its  surface 
plastered  smooth,  with  only  a  few  air-holes,  will  protect  the  mass  from  the  rains,  and  at 
the  same  time  prevent  the  combustion  from  becoming  too  vehement.  Should  heavy  rains 
supervene,  a  gutter  must  be  scooped  out  round  the  pile  for  receiving  the  aluminous  lixi- 
vium, and  conducting  it  into  the  reservoir. 

It  may  be  observed,  that  certain  alum  schists  contain  abundance  of  combustible  matter, 
to  keep  up  a  suitable  calcining  heat  after  the  fire  is  once  kindled;  and  therefore  nothing 
is  needed  but  the  first  layer  of  brushwood,  which,  in  this  case,  may  be  laid  over  the  first 
bed  of  the  bituminous  schist. 

A  continual,  but  very  slow  heat,  with  a  smothered  fire,  is  most  beneficial  for  the 
ustulation  of  alum  slate.  When  the  fire  is  too  brisk,  the  sulphuret  of  iron  may  run 
with  the  earthy  matters  into  a  species  of  slag,  or  the  sulphur  will  be  dissipated  in  vapor, 
by  both  of  which  accidents  the  product  of  alum  will  be  impaired.  Those  bituminous 
alum  schists  which  have  been  used  as  fuel  under  steam  boilers  have  suffered  such  a 
violent  combustion  that  their  ashes  yield  almost  no  alum.  Even  the  best  regulated 
calcining  piles  are  apt  to  burn  too  briskly  in  high  winds,  and  should  have  their  draught- 
holes  carefully  stopped  under  such  circumstances.  It  may  be  laid  down  as  a  general 
rule,  that  the  slower  the  combustion  the  richer  the  roasted  ore  will  be  in  sulphate  of 
alumina.  When  the  calcination  is  complete,  the  heap  diminishes  to  one  half  its  original 
bulk ;  it  is  covered  with  a  light  reddish  ash,  and  is  open  and  porous  in  the  interior,  so 
that  the  air  can  circulate  freely  throughout  the  mass.  To  favor  this  access  of  air,  the 
masses  should  not  be  too  lofty ;  and  in  dry  weather  a  little  water  should  be  occasionally 
sprinkled  on  them,  which,  by  dissolving  away  some  of  the  saline  matter,  will  make  the 
interior  more  open  to  the  atmosphere. 

When  the  calcined  mineral  becomes  thoroughly  cold,  we  may  proceed  to  the  lixiviation. 
But  as,  from  the  first  construction  of  the  piles  or  beds  till  their  complete  calcination, 
many  weeks,  or  even  months,  may  elapse,  care  ought  to  be  taken  to  provide  a  sufficient 
number  or  extent  of  them,  so  as  to  have  an  adequate  supply  of  material  for  carrying  on 
the  lixiviating  and  crystallizing  processes  durinsr  the  course  of  the  year,  or  at  least  during 
the  severity  of  the  winter  season,  when  the  calcination  may  be  suspended,  and  the 
lixiviation  becomes  unsatisfactory  The  beds  are  known  to  be  sufficiently  decomposed 
by  the  efflorescence  of  the  salt  which  appears  upon  the  stones,  from  the  strong  aluminous 
taste  of  the  ashes,  and  from  the  appropriate  chemical  test  of  lixiviating  an  aliquot  average 
portion  of  the  mass,  and  seeing  how  much  alum  it  will  yield  to  solution  of  muriate  or 
sulphate  of  potash. 

2.  The  Lixiviation. — The  lixiviation  is  best  performed  in  stone-built  cisterns  ;  those  of 
wood,  however  strong  at  first,  are  soon  decomposed,  and  need  repairs.  They  ought  to  be 
erected  in  the  neighborhood  of  the  calcining  heaps,  to  save  the  labor  of  transport,  and  so  ar- 
ranged that  the  solutions  from  the  higher  cisterns  may  spontaneously  flow  into  the  lower. 
In  this  point  of  view,  a  sloping  terrace  is  the  best  situation  for  an  alum  work.  In  the 
lowest  part  of  this  terrace,  and  in  the  neighborhood  of  the  boiling-house,  there  ought 
to  be  two  or  more  large  deep  tanks,  for  holding  the  crude  lixivium,  and  they  should  be 
protected  from  the  rain  by  a  proper  shed.  Upon  a  somewhat  higher  level  the  cisterns 
of  the  clear  lixivium  may  be  placed.  Into  the  highest  range  of  cisterns  the  calcined 
mineral  is  to  be  put,  taking  care  to  lay  the  largest  lumps  at  the  bottom,  and  to  cover 
them  with  lighter  ashes.  A  sufficient  quantity  of  water  is  now  to  be  run  over  it,  and 
allowed  to  rest  for  some  time.  The  lixivium  may  then  be  drawn  off,  by  a  stopcock 
connected  with  a  pipe  at  the  bottom  of  the  cistern,  and  run  into  another  cistern  at  a 
somewhat  lower  level.  Fresh  water  must  now  be  poured  on  the  partly  exhausted 
schist,  and  allowed  to  remain  for  a  sufficient  time.  This  lixivium,  being  weak,  should 
be  run  off  into  a  separate  tank.  In  some  cases  a  third  addition  of  fresh  water  may  be 
requisite,  and  the  weak  ILxivium  which  is  drawn  off  may  be  reserved  for  a  fresh  portion 
of  calcined  mineral.  In  order  to  save  evaporation,  it  is  always  requisite  to  strengthen  weak 
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Irys  by  employing  them  instead  of  water  for  fresh  portions  of  calcined  schist.  Upon  the 
ingenious  disposition  and  form  of  these  lixiviating  cisterns  much  of  the  economy  and  suc- 
cess of  an  alum  work  depend.  The  hydrometer  should  be  always  used  to  determine  ihe 
degree  of  concentration  which  the  solutions  acquire. 

The  lixiviated  stone,  being  thus  exhausted  of  its  soluble  ingredients,  is  to  be  removed 
from  the  cisterns,  and  piled  up  in  a  heap  in  any  convenient  place,  where  it  may  be  left 
either  spontaneously  to  decompose,  or,  after  drying,  may  be  subjected  to  another  calci- 
nation. 

The  density  of  the  solution  may  be  brought,  upon  an  average,  up  to  the  sp.  gr.  of 
from  1'09  to  1-15.  The  latter  density  may  always  be  obtained  by  pumping  up  the  weak- 
er solutions  upon  fresh  calcined  mine.  This  strong  liquor  is  then  drawn  oil",  when  the 
sulphate  of  lime,  the  oxyde  of  iron,  and  the  earths  are  deposited.  It  is  of  advantage  to 
leave  the  liquor  exposed  for  some  time,  whereby  the  green  vitriol  may  pass  into  a  per- 
sulphate of  iron  with  the  deposition  of  some  oxyde,  while  the  liberated  acid  may  combine 
with  some  of  the  clay  present,  so  as  to  increase  the  quantity  of  sulphate  of  alumina. 
The  manufacture  of  alum  is  the  more  imperfect,  as  the  quantity  of  sulphate  of  iron  left 
undecomposed  is  greater,  and  therefore  every  expedient  ought  to  be  tried  to  convert  the 
sulphate  of  iron  into  sulphate  of  alumina. 

3.  The  evaporation  of  the  Schist  Lixivium. — As  the  aluminous  liquors,  however 
well  settled  at  first,  are  apt,  on  the  great  scale,  to  deposite  earthy  matters  in  the  course 
of  their  concentration  by  heat,  they  are  best  evaporated  by  a  surface  fire,  such  as 
that  employed  at  Hurlett  and  Campsie.  A  water-tight  stone  cistern  must  be  built, 
having  a  layer  of  M^ell  rammed  clay  behind  the  flags  or  tiles  which  line  its  bottom 
and  sides.  This  cistern  may  be  4  or  6  feet  wide,  2  or  3  feet  deep,  and  30  or  40 
feet  long,  and  it  is  covered  in  by  an  arch  of  stone  or  brickwork.  At  one  extremity  of 
this  tunnel,  or  covered  canal,  a  fire-grate  is  set,  and  at  the  other  a  lofty  chimney 
is  erected.  The  cistern  being  filled  to  the  brim  with  the  alum  lej^,  a  strong  fire  is 
kindled  in  the  reverberatory  grate,  and  the  flame  and  hot  air  are  forced  to  sweep  along 
the  surfaft;  of  the  liquor,  so  as  to  keep  it  in  constant  ebullition,  and  to  carry  off  the 
aqueous  parts  in  vapor.  The  soot  which  is  condensed  in  the  process  falls  to  the  bottom, 
and  leaves  the  body  of  the  liquor  clear.  As  the  concentration  goes  on,  more  of  the 
rough  lixivium  is  run  in  from  the  settling  cistern,  placed  on  a  somewhat  higher  level,  till 
the  whole  gets  charged  with  a  clear  liquor  of  a  specific  gravity  sufficiently  high  for  trans- 
ferring into  the  proper  lead  boilers. 

At  Whitby,  the  lead  pans  are  10  feet  long,  4  feet  9  inches  wide,  2  feet  2  inches  deep 
at  the  one  end,  and  2  feet  8  inches  deep  at  the  other.  This  increase  of  depth  and  cor- 
responding slope  facilitates  the  decantation  of  the  concentrated  lixivium  by  means  of 
a  syphon,  applied  at  the  lower  end.  The  bottom  of  the  pun  is  supported  by  a  series  of 
parallel  iron  bars,  placed  very  near  each  other.  In  these  lead  pans  the  liquor  is  concen- 
trated, at  a  brisk  boiling  heat,  by  means  of  the  flame  of  a  flue  beneath  them.  Every 
morning  the  pans  are  emptied  into  a  settling  cistern  of  stone  or  lead.  The  specific  gra- 
vity of  the  liquor  should  be  about  1'4  or  1-5,  bein?  a  saturated  solution  of  the  saline  mat- 
ters present.  The  proper  degree  of  density  must  vary,  however,  with  difierent  l<inds  of 
lixivia,  and  according  to  the  different  views  of  the  manufacturer.  For  a  liquor  which 
consists  of  two  parts  of  sulphate  of  alumina,  and  one  part  of  sulphate  of  iron,  a  specific 
gravity  of  1-25  may  be  sufficient ;  but  for  a  solution  which  contains  two  parts  of  sulphate 
of  iron  to  one  of  sulphate  of  alumina,  so  that  the  green  vitriol  must  be  withdrawn  first  of 
all  by  crystallization,  a  specific  gravity  of  r4  may  be  requisite. 

The  construction  of  an  evaporating  furnace  well  adapted  to  the  concentration  of  alu- 
minous and  other  crude  lixivia,  is  described  under  Soda.  The  liqtior  basin  may  be  made 
of  tiles  or  flags  puddled  in  clay,  and  secured  at  the  seams  with  a  good  hydraulic  cement. 
A  mortar  made  of  quicklime  mixed  with  the  exhausted  schist  in  powder,  and  iron  turn- 
ings, is  said  to  answer  well  for  this  purpose.  Sometimes  over  the  reverberatory  furnace 
a  flat  pan  is  laid,  instead  of  the  arched  top,  into  which  the  crude  liquor  is  put  for  neu- 
tralization and  partial  concentration.  In  Germany,  such  a  pan  is  made  of  copper,  because 
iron  M'ould  waste  too  fast,  and  lead  would  be  apt  to  melt.  From  this  preparation  basin 
the  under  evaporating  trough  is  gradually  supplied  with  hot  liquor.  At  one  side  of  this 
lower  trough  there  is  sometimes  a  door,  through  which  the  sediment  may  be  raked  out 
as  it  accumulates  upon  the  bottom.  Such  a  contrivance  is  convenient  for  this  mode  of 
evaporation,  and  it  permits,  also,  any  repairs  to  be  readily  made ;  but,  indeed,  an  appa- 
ratus of  this  kind,  well  mounted  at  first,  will  serve  for  many  years. 

In  the  course  of  the  final  concentration  of  the  liquors,  it  is  customary  to  add  some  of 
the  mother  waters  of  a  former  process,  the  quantity  of  which  must  be  regulated  by  a 
proper  analysis  and  knowledge  of  their  contents.  If  these  mother  waters  contain  much 
free  sulphuric  acid,  from  the  peroxydation  of  their  sulphate  of  iron,  they  may  prove  useful 
in  dissolving  a  portion  of  the  alumina  of  the  sediment  which  is  always  present  in  greater 
or  less  quantity. 
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4.  The  precipitation  of  the  jilum  by  adding  Alkaline  Salts. — As  a  general  rule,  it  is 
most  advantageous  to  separate,  first  of  all,  I'rom  the  concentrated  clear  liquors,  the  alum 
in  the  state  of  powder  or  small  crystals,  by  addition  of  the  proper  alkaline  matter,  and 
to  leave  the  mingled  foreign  salts,  such  as  the  sulphate  of  iron  or  magnesia,  in  solution, 
instead  of  trying  to  abstract  these  salts  by  a  previous  crystallization.  In  this  way  we 
not  only  simplify  and  accelerate  the  manufacture  of  alum,  and  leave  the  mother  waters 
to  be  worked  up  at  any  convenient  season,  but  we  also  avoid  the  risk  of  withdrawing 
any  of  the  sulphate  of  alumina  with  the  sulphate  of  iron  or  magnesia.  On  this  account, 
the  concentration  of  the  liquor  ought  not  to  be  pushed  so  far  as  that,  when  it  gets  cold, 
it  should  throw  out  crystals,  but  merely  to  the  verge  of  this  point.  This  density  may  be 
determined  by  suitable  experiments. 

The  clear  liquor  should  now  be  run  off  into  the  precipitation  cistern,  and  have  the 
proper  quantity  of  sulphate  or  muriate  of  potash,  or  impure  sulphate  or  carbonate  of 
ammonia  added  to  it.  The  sulphate  of  potash,  which  is  the  best  precipitant,  forms  18*34 
parts  out  of  100  of  crystallized  alum;  and  therefore  that  quantity  of  it,  or  its  equivalent 
in  muriate  of  potash,  or  other  potash  or  ammoniacal  salts,  must  be  introduced  into  the 
aluminous  liquor.  Since  sulphate  of  potash  takes  10  parts  of  cold  water  to  dissolve  it, 
but  is  much  more  soluble  in  boiling  water,  and  since  the  precipitation  of  alum  is  more 
abundant  the  more  concentrated  the  mingled  solutions  are,  it  would  be  prudent  to  add 
the  sulphate  solution  as  hot  as  may  be  convenient ;  but,  as  muriate  of  potash  is  fuUy 
three  times  more  soluble  in  cold  water,  it  is  to  be  preferred  as  a  precipitant,  when  it  can 
be  procured  at  a  cheap  rate.  It  has,  also,  the  advantage  of  decomposing  the  sulphate  of 
iron  present  into  a  muriate,  a  salt  very  difficult  of  crystallization,  and,  therefore,  less 
apt  to  contaminate  the  crystals  of  alum.  The  quantity  of  alkaline  salts  requisite  to 
precipitate  the  alum,  in  a  granular  powder,  from  the  lixivium,  depend?  on  their  rich- 
ness in  potash  or  ammonia,  on  the  one  hand,  and  on  the  richness  of  the  liquors  in 
sulphate  of  alumina  on  the  other ;  and  it  must  be  ascertained,  for  each  large  quantity  of 
product,  by  a  preliminary  experiment  in  a  precipitation  glass.  Here,  an  aliquot  measure 
of  the  aluminous  liquor  being  taken,  the  liquid  precipitant  must  be  added  in  successive 
portions,  as  long  as  it  causes  any  cloud,  when  the  quantity  added  will  be  indicated  by 
the  graduation  of  the  vessel.  A  very  exact  approximation  is  not  practicable  upon  the 
great  scale  ;  but,  as  the  mother  waters  are  afterwards  mixed  together  in  one  cistern,  any 
excess  of  the  precipitant,  at  one  time,  is  corrected  by  excess  of  aluminous  sulphate  at 
another,  and  the  resulting  alum  meal  is  collected  at  the  bottom.  When  the  precipitat- 
ed saline  powder  is  thoroughly  settled  and  cooled,  the  supernatant  mother  water  must 
be  drawn  off  by  a  pump,  or  rather  a  syphon  or  stopcock,  into  a  lower  cistern.  The 
more  completely  this  drainage  is  effected,  the  more  easily  and  completely  will  the  alum 
be  purified. 

This  mother  liquor  has,  generally,  a  specific  gravity  of  1'4  at  a  medium  temperature 
of  the  atmosphere,  and  consists  of  a  saturated  solution  of  sulphate  or  muriate  of  black 
and  red  oxyde  of  iron,  with  sulphate  of  magnesia,  in  certain  localities,  and  muriate  of 
soda,  when  the  soaper's  salt  has  been  used  as  a  precipitant,  as  also  a  saturated  solution 
of  sulphate  of  alumina.  By  adding  some  of  it,  from  time  to  time,  to  the  fresh  lixivia,  a 
portion  of  that  sulphate  is  converted  into  alum  ;  but,  eventually,  the  mother  water  must 
be  evaporated,  so  as  to  obtain  from  it  a  crop  of  ferruginous  crystals;  after  which  it  be- 
comes capable,  once  more,  of  giving  up  its  alum  to  the  alkaline  precipiiants. 

When  the  aluminous  lixivia  contain  a  great  deal  of  sulphate  of  iron,  it  may  be  good 
policy  to  withdraw  a  portion  of  it  by  crystallization  before  precipitating  the  alum.  With 
this  view,  the  liquors  must  be  evaporated  to  the  density  of  1-4,  and  then  run  ofi"  into 
crystallizing  stone  cisterns.  After  the  green  vitriol  has  concreted,  the  liquor  should  be 
pumped  back  into  the  evaporating  pan,  and  again  brought  to  the  density  of  1-4.  On 
adding  to  it,  now,  the  alkaline  precipitants,  the  alum  will  fall  down  from  this  concentrat- 
ed solution,  in  a  very  minute  crystalline  powder,  very  easy  to  wash  and  purify.  But  this 
method  requires  more  vessels  and  manipulation  than  the  preceding,  and  should  only  be 
had  recourse  to  from  necessity;  since  it  compels  us  to  carry  on  the  manufacture  of  both 
the  valuable  alum  and  the  lower  priced  salts  at  the  same  time ;  moreover,  the  copperas 
extracted  at  first  from  the  schist  liquors  carries  with  it,  as  we  have  said,  a  portion  of  the 
sulphate  of  alumina,  and  acquires  thereby  a  dull  aspect ;  whereas  the  copperas  obtained 
after  the  separation  of  the  alum  is  of  a  brilliant  appearance. 

5.  The  washing,  or  edulcuration,  of  the  Mum  Powder. — This  crystalline  pulverulent 
matter  has  a  brownish  color,  from  the  admixture  of  the  ferruginous  liquors ;  but 
it  may  be  freed  from  it  by  washing  with  very  cold  water,  which  dissolves  not  more 
than  one  sixteenth  of  its  weight  of  alum.  After  stirring  the  powder  and  the  water 
well  together,  the  former  must  be  allowed  to  settle,  and  then  the  washing  must  be 
drawn  ofi".  A  second  washing  will  render  the  alum  nearly  pure.  The  less  water 
is  employed,  and  the  more  effectually  it  is  drained  off,  the  more  complete  is  the 
process.     The  second  water  may  be  used  in  the  first  washing  of  another  portion  of 
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alum  powder,  in  the  place  of  pure  water.  These  washings  may  be  added  to  the  sciiist 
lixivia. 

6.  The  crystallization. — The  washed  alum  is  put  into  a  lead  pan,  with  just  enough 
water  to  dissolve  it  at  a  boiling  heat ;  fire  is  applied,  and  the  solution  is  promoted  by 
stirring.  "Whenever  it  is  dissolved  in  a  saturated  state,  it  is  run  off  into  the  crystallizing 
vessels,  which  are  called  rocking  casks.  These  casks  are  about  five  feet  high,  three  feet 
wide  in  the  middle,  somewhat  narrower  at  the  ends ;  they  are  made  of  very  strong  staves, 
nicely  fitted  to  each  other,  and  held  together  by  strong  iron  hoops,  which  are  driven  on 
pro  tempore,  so  that  they  may  be  easily  knocked  of!"  again,  in  order  to  take  the  staves 
asunder.  The  concentrated  solution,  during  its  slow  cooling  in  these  close  vessels,  forms 
large  regular  crystals,  which  hang  down  from  the  top,  and  project  from  the  sides,  while 
a  thick  layer  or  cake  lines  the  whole  interior  of  the  cask.  At  the  end  of  eight  or  ten  days 
more  or  less,  acccording  to  the  weather,  the  hoops  and  staves  are  removed,  when  a  task' 
of  apparently  solid  alum  is  disclosed  to  view.  The  workman  now  pierces  this  mass  with 
a  pickaxe  at  the  side  near  the  bottom,  and  allows  the  mother  water  of  the  interior  to  run 
oft'  on  the  sloping  stone  floor  into  a  proper  cistern,  whence  it  is  taken  and  added  to  another 
quantity  of  washed  powder  to  be  crystallized  with  it.  The  alum  is  next  broken  into 
lumps,  exposed  in  a  proper  place  to  dry,  and  is  then  put  into  the  finished  bing  for  the 
market.  There  is  sometimes  a  little  insoluble  basic  alum  (subsulphate)  left  at  the  bottom 
of  the  cask.  This  being  mixed  with  the  former  mother  liquors,  gets  sulphuric  acid  from 
tliem  ;  or,  being  mixed  with  a  little  sulphuric  acid,  it  is  equally  converted  into  alum. 

When,  instead  of  potash  or  its  salts,  the  ammoniacal  salts  are  used,  or  ptitrid  urine, 
with  the  aluminous  lixivia,  ammoniacal  alum  is  produced,  which  is  perfectly  similar  to 
the  potash  alum  in  its  appearance  and  properties.  At  a  gentle  heat  both  lose  their  wa- 
ter of  crystallization,  amounting  to  45|  per  cent,  for  the  potash  alum,  and  48  for  the  am- 
moniacal. The  quantity  of  acid  is  the  same  in  both,  as,  also,  very  nearly  the  quantity  of 
alumina,  as  the  following  analyses  will  show  : — 


Potash  alum. 

Ammonia  alum, 

Sulphate  of  potash 

-     18-34 

Sulphate  of  ammonia 

Sulphate  of  alumina 

-    36-20 

Sulphate  of  alumina 

Water 

-    45-46 

Water      .... 

100-00 


-  12-88 

-  38-64 

-  48-48 

100-00 


Or  otherwise.  Potash  alum. 


1  atom  sulphate  of  potash 
1  alumina 

24  water 


1089-07 
2149-80 
2669-52 

5938-39 


Ammonia  alum. 
1  atom  sulphate  of  ammonia 
1  alumina 

24  water    -        -        .        - 


716-7 
2149-8 
2699-5 

5566-0 


Alumina 
Potash 

Sulphuric  acid 
Water   - 


Or,  Potash  alum. 


Ammonia  alum. 

-    10-82 

Alumina          ... 

-     11-90 

-      9-94 

Ammonia        -        -        . 

-       3-89 

-    33-77 

Sulphuric  acid 

-     36-10 

-    45-47 

Water     .... 

-     48-11 

100-00 


100-00 


When  heated  pretty  strongly,  the  ammoniacal  alum  loses  its  sulphuric  acid  and 
ammonia,  and  only  the  earth  remains.  This  is  a  very  convenient  process  for  procuring 
pure  alumina.  Ammoniacal  alum  is  easily  distinguished  from  the  other  by  the  smell  of 
ammonia  which  it  exhales  when  triturated  with  quicklime.  The  Roman  alum,  made 
from  alum-stone,  possesses  most  of  the  properties  of  the  schist-made  alums,  but  it  has  a 
few  peculiar  characters  :  it  crystallizes  always  in  opaque  cubes,  whereas  the  common 
alum  crystallizes  in  transparent  octahedrons.  It  is  probable  that  Roman  alum  is  a 
sulphate  of  alumina  and  potash,  with  a  slight  excess  of  the  earthly  ingredient.  It  is 
permanent  when  dissolved  in  cold  water ;  for  after  a  slow  evaporation  it  is  recovered  in 
a  cubical  form.  But  when  it  is  dissolved  in  water  heated  to  110°  Fahr.  and  upward*,  or 
when  its  solution  is  heated  above  this  pitch,  subsulphate  of  alumina  falls,  and  on 
evaporation  octahedral  crystals  of  common  alum  are  obtained.  The  exact  composition 
of  the  Roman  alum  has  not  been  determined,  as  far  as  I  know.  It  probably  differs 
from  the  other  also  in  its  water  of  crystallization.  The  Roman  alum  contains,  according  to 
MM.  Thenard  and  Roard,  only  ^^jr^  of  sulphate  of  iron,  while  the  common  commercial 
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alums  contain  ro'cTo  •  ^^  ^^Y  ^^  easily  purified  by  solution,  granulation,  crystallization,  and 
washing,  as  has  been  already  explained. 

Alam  is  made  extensively  in  France  from  an  artificial  sulphate  of  alumina.  For  this 
purpose  clays  are  chosen  as  free  as  possible  from  carbonate  of  lime  and  oxyde  of  iron. 
They  are  calcined  in  a  reverberatory  furnace,  in  order  to  expel  the  water,  to  peroxydize 
the  iron,  and  to  render  the  alumina  more  easily  acted  on  by  the  acid.  The  expulsion  of 
the  water  renders  the  clay  porous  and  capable  of  absorbing  the  sulphuric  acid  by 
capillary  attraction.  The  peroxydation  of  the  iron  renders  it  less  soluble  in  the 
sulphuric  acid;  and  the  silica  of  the  clay,  by  reacting  on  the  alumina,  impairs  its 
aggregation,  and  makes  it  more  readily  attracted  by  the  acid.  The  clay  shotxld,  therefore, 
be  moderately  calcined ;  but  not  so  as  to  indurate  it  like  pottery  ware,  for  it  would  then 
suffer  a  species  of  silicious  combination  which  would  make  it  resist  the  action  of  acids. 
The  clay  is  usually  calcined  in  a  reverberatory  furnace,  the  flame  of  which  serves 
thereafter  to  heat  two  evaporating  pans  and  a  basin  for  containing  a  mixture  of  the 
calcined  clay  and  sulphuric  acid.  As  soon  as  the  clay  has  become  friable  in  the  furnace 
it  is  taken  out,  reduced  to  powder,  and  passed  through  a  fine  sieve.  With  100  parts  of 
the  pulverized  clay,  45  parts  of  sulphuric  acid,  of  sp.  gr.  1'45,  are  well  mixed,  in  a 
?tone  basin,  arched  over  with  brickwork.  The  flame  and  hot  air  of  a  reverberatory 
furnace  are  made  to  play  along  the  mixture,  in  the  same  way  as  described  for  evaporating 
the  schist  liquors.  See  Soda.  The  mixture,  being  stirred  from  time  to  time,  is,  at  the 
end  of  a  few  days,  to  be  raked  out,  and  to  be  set  aside  in  a  warm  place,  for  the  acid  to 
work  on  the  clay,  during  six  or  eight  weeks.  At  the  end  of  this  time  it  must  be  washed, 
to  extract  the  sulphate  of  alumina.  With  this  view,  it  may  be  treated  like  the  roasted 
alum  ores  above  described.  If  potash  alum  is  to  be  formed,  this  sulphate  of  alumina  is 
evaporated  to  the  specific  gravity  of  1-38;  but  if  ammonia  alum,  to  th^  specific  gravity 
of  only  1-24;  because  the  sulphate  of  ammonia,  being  soluble  in  twice  its  v/eight  of 
water,  will  cause  a  precipitation  of  pulverulent  alum  from  a  weaker  solution  of  sulphate 
of  alumina  than  the  less  soluble  sulphate  of  potash  could  do. 

The  alum  stone,  from  which  the  Roman  alum  is  made,  contains  potash.  The 
following  analysis  of  alunite,  by  M.  Cordier,  places  this  fact  in  a  clear  light : — 

Sulphate  of  potash        -  -  -  -         18"53 

Sulphate  of  alumina      -  -  -  _        38'50 

Hydrate  of  alumina      -  -  .  -        42*97 


100-00 


To  transform  this  compound  into  alum,  it  is  merely  necessary  to  abstract  the  hydrate 
of  alumina.  The  ordinary  alum  stone,  however,  is  rarely  so  pure  as  the  above  analysis 
would  seem  to  show;  for  it  contains  a  mixture  of  other  substances;  and  the  above  are  in 
different  proportions. 

Alum  is  very  extensively  employed  in  the  arts,  most  particularly  in  dyeing,  lake 
making,  dressing  sheep-skins,  pasting  paper,  in  clarifying  liquors,  &c.  Its  purity  for 
the  dyer  may  be  tested  by  prussiate  of  potash,  which  wiU  give  solution  of  alum  a  blue 
tint  in  a  few  minutes  if  it  contain  even  a  very  minute  portion  of  iron.  A  bit  of  nut-gall 
is  also  a  good  test  of  iron. 

AMADOU.  The  French  name  of  the  spongy  combustible  substance,  called  in  German 
zundersehwamm,  prepared  from  a  species  of  agaric,  the  boletus  igrdarms,  a  kind  of 
mushroom,  which  grows  on  the  trunks  of  old  oaks,  ashes,  beeches,  &c.  It  must  be 
plucked  in  the  months  of  August  and  September.  It  is  prepared  by  removing  the 
outer  bark  with  a  knife,  and  separating  carefully  the  spongy  substance  of  a  yellow 
brown  color,  which  lies  within  it,  from  the  ligneous  matter  below.  This  substance  is 
cut  into  thin  slices,  and  beat  with  a  mallet  to  soften  it,  tiU  it  can  be  easily  pulled 
asunder  between  the  fingers.  In  this  state  the  boletus  is  a  valuable  substance  for  stop- 
ping oozing  hemorrhages,  and  some  other  surgical  purposes.  To  convert  it  into  tinder 
it  must  receive  a  finishing  preparation,  which  consists  in  boiling  it  in  a  strong  solution 
of  nitre ;  drying  it,  beating  it  anew,  and  putting  it  a  second  time  into  the  solution. 
Sometimes,  indeed,  to  render  it  very  inflammable,  it  is  imbued  with  gunpowder,  whence 
the  distinction  of  black  and  brown  amadou. 

AU  the  puff  balls  of  the  lycopodium  genus  of  plants,  which  have  a  fleshy  or  fila- 
mentous structure,  yield  a  tinder  quite  ready  for  soaking  in  gunpowder  water.  The 
Hindoos  employ  a  leguminous  plant,  which  they  call  solu,  for  the  same  purpose.  Its 
thick  spongy  stem,  being  reduced  to  charcoal,  takes  fire  like  amadou. 

AMALGAM.  When  mercury  is  alloyed  with  any  metal,  the  compound  is  called  an 
amalgam  of  that  metal ;  as,  for  example,  an  amalgam  of  tin,  bismuth,  &c. 

AMALGAMATION.  This  is  a  process  used  extensively  in  extracting  silver  and 
gold  from  certain  of  their  ores,  founded  on  the  property  which  mercury  has  to  dissolve  these 
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metals  as  dissemiuated  in  the  minerals,  and  thus  to  separate  them  from  the  earthy 
matters.     See  Mercury,  Metallurgy,  and  Silver. 

AMBER.  (Succi7i,  Fr. ;  Bernstein,  Germ.)  A  mineral  solid,  of  a  yellow  color, 
of  various  shades,  which  burns  quite  away  with  flame,  and  consists  of  carbon,  hydrogen, 
and  oxygen,  in  nearly  the  same  proportions,  and  the  same  state  of  combination,  as  vege- 
table resin.  Its  specific  gravity  varies,  by  my  trials,  from  l-OSO  to  1*086.  It  becomes 
negatively  and  powerfully  electrical  by  friction.  When  applied  to  a  lighted  candle  it 
takes  fire,  swells  considerably,  and  exhales  a  white  smoke  of  a  pungent  odor ;  but 
does  not  run  into  drops.  Copal,  which  resembles  it  in  several  respects,  differs  in  being 
softer,  and  in  melting  into  drops  at  the  flame ;  and  mellite,  or  honey-stone,  which  is  a 
mineral  of  a  similar  color,  becomes  white  when  laid  on  a  red-hot  coal. 

The  texture  of  amber  is  resino-vitreous,  its  fracture  conchoidal,  and  lustre  glassy.  It 
IS  perfectly  homogeneous  ;  sufficiently  hard  to  scratch  gj'psum,  and  to  take  a  fine  polish. 
It  is,  however,  scratched  by  calcareous  spar.  When  amber  is  distilled  in  a  retort, 
cr)stalline  needles  of  succinic  acid  sublime  into  the  dome,  and  oil  of  amber  drops  from 
the  beak  into  the  receiver.  Fossil  resins,  such  as  that  of  Highgate,  found  in  the  Lon- 
don clay  formation,  do  not  afford  succinic  acid  by  heat :  nor  does  copal.  Amber  is 
occasionally  found  of  a  whitish  and  brownish  color. 

The  most  interesting  fact  relative  to  this  vegeto-mineral  is  its  geological  position, 
which  is  very  characteristic  and  well  determined.  It  is  found  almost  uniformly  in  sepa- 
rate nodules,  disseminated  in  the  sand,  clay,  or  fragments  of  lignite  of  the  plastic  clay, 
and  lignite  formation,  situated  between  the  calcaire  grassier  (crag  limestone)  of  the 
tertiarj'  strata  above,  and  the  white  chalk  below.  The  size  of  these  nodules  varies  from 
a  nut  to  a  man's  head;  but  this  magnitude  is  very  rare  in  true  amber.  It  does  not 
occur  either  in  continuous  beds,  like  the  chalk  flints,  nor  in  veins ;  but  it  lies  at  one 
time  in  the  earthy  or  friable  strata,  which  accompany  or  include  the  lignites  ;  at  another, 
entangled  in  the  lignites  themselves ;  and  is  associated  with  the  minerals  which  constitute 
this  formation,  principally  the  pyrites,  the  most  abundant  of  all.  The  pieces  of  amber 
found  in  the  sands,  and  other  formations  evidently  alluvial,  those  met  with  on  the  sea- 
coasts  of  certain  countries,  and  especially  Pomerania,  come  undoubtedly  from  the  above 
geological  formation ;  for  the  organic  matters  found  still  adhering  to  the  amber  leave 
no  doubt  as  to  its  primitive  place.  Amber  does  not,  therefore,  belong  to  any  postdilu- 
vian or  modern  soil,  since  its  native  bed  is  covered  by  three  or  four  series  of  strata,  often 
of  considerable  thickness,  and  well  characterized;  proceeding  upwards  from  the  plastic 
clay  which  includes  the  aml^r :  these  are,  the  crag  limestone,  the  bone  gypsum,  with 
its  marls,  the  marly  limestone,  the  upper  marl  sandstone,  which  covers  it,  and,  lastly, 
the  fresh  water  or  lacustrine  formation,  often  so  thick,  and  composed  of  calcareous  and 
silicious  rocks. 

The  amber  bed  is  not,  however,  always  covered  with  all  these  strata ;  and  it  is  even 
rare  to  see  a  great  mass  of  one  of  them  above  the  ground  which  contains  it;  because, 
were  it  buried  under  such  strata,  it  would  be  difficult  to  meet  with  such  circumstances 
as  would  lay  it  spontaneously  open  to  the  day.  But  by  comparing  observations  made 
in  different  places,  relatively  to  the  patches  of  these  formations,  which  cover  the  amber 
deposites,  we  find  that  no  other  mineral  formations  have  been  ever  seen  among  them 
except  those  above  detailed,  and  thus  learn  that  its  geological  locality  is  completely  de- 
termined. 

The  proper  yellow  amber,  therefore,  or  iheBorussic,  from  the  country  where  it  has  been 
most  abundantly  found,  belongs  to  the  plastic  claj  formation,  intermediate,  in  England, 
between  the  chalk  and  the  London  clay.  It  is  sometimes  interposed  in  thin  plates  between 
the  layers  of  the  lignites,  but  more  towards  the  bark  of  the  fibrous  lignites,  which  retain 
the  form  of  the  wood,  than  towards  the  middle  of  the  trunk  of  the  tree  ;  a  position  analo- 
gous to  that  of  the  resinous  matters  in  our  existing  ligneous  vegetables.  The  fibrous 
lignites  which  thus  contain  amber  belong  to  the  dicotyledinous  woods.  Hence  that 
substance  seems  to  have  been  formed  during  the  life  of  the  vegetable  upon  Mhich  it  is 
now  incrusted.  It  must  be  remembered  that  the  grounds  containing  the  amber  are 
often  replete  with  the  sulphates  of  iron,  alumina,  and  lime,  or  at  least  with  the  pyritous 
elements  of  these  salts.  Some  specimens  of  amber  have  a  surface  figured  with  irregular 
meshes,  indicating  a  sort  of  shrinkage  from  consolidation,  and  consequently  a  matter 
that  was  at  one  time  fluid,  viscid,  or  merely  soft.  From  optical  examination,  Dr. 
Brewster  has  concluded  amber  to  be  of  vegetable  origin. 

The  different  bodies  included  in  the  amber,  distinguishable  from  its  transparence,  demon- 
strate, indeed,  in  the  most  convincing  manner,  its  primitive  state  of  liquidity  or  softness. 
These  bodies  have  long  exercised  the  skill  of  naturalists.  They  are  generally  insects, 
or  remains  of  insects,  and  sometimes  leaves,  stalks,  or  other  portions  of  vegetables. 
Certain  fimilies  of  insects  occur  more  abundantly  than  others.  Thus  the  hymenopiera, 
or  insects  with  four  naked  membranaceous  wings,  as  the  bee  and  wasp,  and  the  dip/era, 
or  insects  with  two  wings,  as  gnats,  flies,  gadflies,  &.c. ;  then  come  the  spidei  tribe  ; 
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some  coleoptera  (insects  with  crustaceous  shells  or  elytra,  which  shut  together,  and  form 
a  longitudinal  suture  down  the  back),  or  beetles,  principally  those  which  live  on  trees; 
such  as  the  elaterides,  or  leapers,  and  the  chrysomelida.  The  lepidoptera,  or  insects  with 
four  membranaceous  wings,  and  pterigostea  covered  with  mail-like  scales,  are  very  rare 
in  amber.  We  perceive  from  this  enumeration,  which  results  from  the  labors  of 
Germar,  Schweiger,  &c.,  that  the  insects  enveloped  in  this  resinous  matter  are  in 
g-enei'al  such  as  sit  on  the  trunks  of  trees,  or  live  in  the  fissures  of  their  bark.  Hitherto, 
it  has  not  been  found  possible  to  refer  them  to  any  living  species;  but  it  has  been  ob- 
served in  general  that  they  resemble  more  the  insects  of  hot  climates  than  those  of  the 
temperate  zones. 

The  districts  where  amber  occurs  in  a  condition  fit  for  mining  operations  are  not 
numerous ;  but  those  in  which  it  is  met  with  in  small  scattered  bits  are  very  abundant. 
Its  principal  exploitation  is  in  Eastern  Prussia,  on  the  coasts  of  the  Baltic  Sea,  from 
Memel  to  Dantzick,  particularly  in  the  neighborhood  of  Konigsberg,  along  the  shore 
which  runs  north  and  south  from  Grossdirschheim  to  Pillau,  and  in  several  other  places 
near  Dantzick. 

It  is  collected  upon  this  coast  in  several  ways;  1.  In  the  beds  of  small  streams  which 
run  near  the  villages,  and  in  rounded  fi'agments  without  bark,  or  in  the  sand-banks  of 
rivers,  in  pieces  thrown  back  by  the  sea,  and  rounded  by  the  waves.  2.  If  the  pieces 
thrown  up  by  the  waters  are  not  numerous,  the  fishers,  clothed  in  a  leather  dress,  wade 
into  the  sea  up  to  the  neck,  seek  to  discover  the  amber  by  lookins  along  its  surface,  and 
seize  it  with  bag  nets,  hung  at  the  end  of  very  long  poles.  They  conclude  that  a  great 
deal  of  amber  has  been  detached  from  the  cliffs  by  the  sea,  when  many  pieces  of  lignite 
(wood  coal)  are  seen  afloat.  This  mode  of  collecting  amber  is  not  free  from  danger,  a-nd 
the  fishers,  therefore,  advance  in  troops,  to  lend  each  other  aid  in  case  of  accident ;  but 
their  success,  even  thus,  is  most  precarious.  3.  The  third  method  of  searching  for  am- 
ber is  a  real  mining  operation  :  it  consists  in  digging  pits  upon  the  borders  of  the  sandy 
downs,  sometimes  to  a  depth  of  more  than  130  feet.  4.  The  last  mode  is  by  exploring 
the  precipitous  sea  cliffs  in  boats,  and  detaching  masses  of  loose  soil  from  them  with  long 
poles  terminating  in  iron  hooks;  a  very  hazardous  employment.  They  search  the  cliffs 
with  great  care  at  the  level,  where  the  amber  nodules  commonly  lie,  and  loosen  the  seams 
with  iheir  hooks  ;  in  which  business  the  boats  are  sometimes  broken  against  the  preci- 
pices, or  sunk  by  an  avalanche  of  rubbish. 

Amber  occurs  in  Sicily,  disseminated  in  beds  of  clay  and  marl,  which  lie  below  the 
crag  limestone.  It  is  accompanied  with  bitumen ;  and,  though  a  scanty  deposite,  it  is 
mined  for  sale.  The  pieces  are  coated  with  a  kind  of  whitish  bark,  present  a  variety 
of  colors,  and  include  many  insects.  Amber  is  found  in  a  great  many  places  in  the  sandy 
districts  of  Poland,  at  a  very  great  distance  from  the  sea,  where  it  is  mixed  with  cones 
of  the  pine.  In  Saxony  it  is  met  with  in  the  neighborhood  of  Pretsch  and  Wittemberg, 
in  a  bituminous  clay  mingled  with  lignite.  At  the  embouchure  of  the  Jenissey,  in  Sibe- 
ria, it  occurs  likewise  along  with  lignite ;  as  also  in  Greenland. 

Fine  amber  is  considerably  valued  for  making  ornamental  objects,  and  the  coarser 
kinds  for  certain  uses  in  chemistry,  medicine,  and  the  arts.  The  oriental  nations  prize 
more  highly  than  the  people  of  Europe  trinkets  made  of  amber ;  and  hence  the  chief 
commerce  of  the  Pomeranian  article  is  with  Turkey.  The  Prussian  government  is  said 
to  draw  an  annual  revenue  of  17,000  dollars  from  amber.  A  good  piece  of  a  pound 
weight  fetches  50  dollars.  A  mass  weighing  13  pounds  was  picked  up  not  long  since  in 
Prussia,  for  which  5000  dollars  were  offered,  and  which  would  bring,  in  the  opinion  of 
the  Armenian  merchants,  from  30,000  to  40,000  dollars  at  Constantinople.  At  one  time 
it  was  customary  to  bake  the  opaque  pieces  of  amber  in  sand,  at  a  gentle  heat,  for  sev- 
eral hours,  in  order  to  make  it  transparent,  or  to  digest  it  in  hot  rapeseed  oil,  with  the 
same  view ;  but  how  far  these  processes  were  advantageous  does  not  appear. 

When  amber  is  to  be  worked  into  trinkets,  it  is  first  split  on  a  leaden  plate  at  a  lathe 
(see  Gems,  Cutting  of),  and  then  smoothed  into  shape  on  a  Swedish  whetstone.  It  is 
polisheJ  on  the  lathe  with  chalk  and  Avater,  or  vegetable  oil,  and  finished  by  friction 
with  flannel.  In  these  processes  the  amber  is  apt  to  become  highly  electrical,  vei-y  hot, 
and  even  tc  fly  into  fragments.  Hence,  the  artists  work  the  pieces  time  about,  so  as  to 
keep  each  of  them  crol,  and  feebly  excited.  The  men  are  often  seized  with  nervous 
tremors  in  their  wrists  and  arms  from  the  electricity.  Pieces  of  amber  may  be  neatly 
joined  by  smearing  their  edges  with  linseed  oil,  and  pressing  them  strongly  together, 
while  they  are  held  over  a  charcoal  fire.  Solid  specimens  of  amber,  reported  to  have 
been  altogether  fused  by  a  particular  application  of  heat,  are  now  shown  in  the  royal 
cabinet  of  Dresden. 

A  strong  and  durable  varnish  is  made  by  dissolving  amber  in  drying  linseed  oil.  For 
this  purpose,  however,  the  amber  must  be  previously  heated  in  an  iron  pot,  over  a  clear 
red  fire,  till  it  soften  and  be  semi-liquefied.  The  oil,  previously  heated,  is  to  be  now 
poured  in,  with  much  stirring,  in  the  proportion  of  10  ounces  to  the  pound  of  amber; 
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and  after  the  incorporation  is  complete,  and  the  liquid  somewhat  cooled,  a  pound  of  oil 
of  turpentine  must  be  added.  Some  persons  prescribe  2  ounces  of  melted  shellac, 
though  by  this  means  they  are  apt  lo  deepen  the  color,  already  rendered  too  dark  by  the 
roasting. 

The  line  black  varnish  of  the  coachmakers  is  said  to  be  prepared  by  melting  16  ounces 
of  amber  in  an  iron  pot,  adding  to  it  half  a  pint  of  drying  linseed  oil,  boiling  hot,  of  pow- 
dered resin  and  asphaltum  3  ounces  each :  when  the  materials  are  well  united,  by  stir- 
ring over  the  fire,  they  are  to  be  removed,  and,  after  cooling  for  some  time,  a  pint  of  warm 
oil  of  turpentine  is  to  be  introduced. 

The  oil  of  amber  enters  into  the  composition  of  the  old  perfume  called  eau  de  luce.; 
and  is  convertible,  by  the  action  of  a  small  quantity  of  strong  nitric  acid,  into  a  viscid 
mass  like  shoemakers'  rosin,  which  has  a  strong  odor  of  musk,  and,  under  the  name  of 
artificial  musk,  has  been  prescribed,  in  acoholic  solution,  as  a  remedy  against  hooping 
cough,  and  other  spasmodic  diseases. , 

Acid  of  amber  (.v?tccjja'c  «ctV/)  is  a  delicate  reagent,  in  chemistry,  for  separating  red 
oxyde  of  iron  fiom  compound  metallic  solutions. 

AMBERGRIS.  {Amhregric,  Fr.  ;  Jlmbra,  Germ.) — A  morbid  secretion  of  the  liver 
of  the  spermaceti  whale  (physeter  macrocephalus),  found  usually  swimming  upon  the 
sea.  It  occurs  upon  the  coasts  of  Coromandel,  Japan,  the  Moluccas,  and  Madagascar, 
and  has  sometimes  been  extracted  from  the  rectum  of  whales  in  the  South  sea  fishery. 
It  has  a  gray-white  color,  often  with  a  black  streak,  or  is  marbled,  yellow  and  black; 
has  a  string  but  rather  agreeable  smell,  a  fatty  taste,  is  lighter  than  water,  melts  at  60° 
C.  (140°  F.),  dissolves  readily  in  absolute  alcohol,  in  ether,  and  in  both  fat  and  volatile 
oils.  It  contains  85  of  the  fragrant  substance  called  ambreine.  This  is  extracted  from 
ambergris  by  digestion  with  alcohol  of  0"827,  filtering  the  solution,  and  leaving  it  to 
spontaneous  evaporation.  It  is  thus  obtained  in  the  form  of  delicate  white  tufts: 
which  are  convertible  into  ambreic  acid  by  the  action  of  nitric  acid.  Ambergris  is  used 
in  perfumery. 

AMIANTHUS.  A  mineral  in  silky  filaments,  called  also  Asbesttjs. 
AMMONIA.  A  chemical  compound,  called  also  volatile  alkali.  This  substance,  in  its 
purest  state,  is  a  highly  pungent  gas,  possessed  of  all  the  mechanical  properties  of  the 
air,  but  very  condensable  with  water.  It  consists  of  3  volumes  of  hydrogen  and  1  of  azote 
condensed  into  two  volumes  ;  and  hence  its  density  is  0'591,  atmospheric  air  being  TOOO. 
By  strong  compression  and  refrigeration  it  may  be  liquefied  into  a  fluid,  whose  specific 
gravity  is  0*76  compared  to  water  I'OOO. 

Ammonia  gas  is  composed  by  weight  of  82-53  azote  and  17*47  hydrogen  in  100 
parts.  It  is  obtained  by  mixing  muriate  of  ammonia,  commonly  called  sal  ammoniac, 
with  quicklime,  in  a  retort  or  still,  applying  a  moderate  heat,  and  receiving  the  gas  either 
over  mercury  for  chemical  experiments,  or  in  water  to  make  liquid  ammonia  for  the 
purposes  of  medicine  and  the  arts.  Woulfe's  apparatus  is  commonly  employed  for  this 
condensation. 

Ammonia  is  generated  in  a  great  many  operations,  and  especially  in  the  decomposition 
of  many  organic  substances,  by  fire  or  fermentation.  Urine  left  to  itself  for  a  few  days  is 
found  to  contain  much  carbonate  of  ammonia,  and  hence  this  substance  was  at  one  time 
collected  in  great  quantities  for  the  manufacture  of  certain  salts  of  ammonia,  and  is  still 
used  for  its  alkaline  properties  in  making  alum,  scouring  wool,  &c.  When  woollen  rags, 
horns,  bones,  and  other  animal  substances  are  decomposed  in  close  vessels  by  fire,  they 
evolve  a  large  quantity  of  ammonia,  which  distils  over  in  the  form  of  a  carbonate.  The 
main  source  of  ammonia  now  in  this  country,  for  commercial  purposes,  is  the  coal  gas 
works.  A  large  quantity  of  watery  fluid  is  condensed  in  their  tar  pits,  which  contains, 
chiefly,  ammonia  combined  with  sulphureted  hydrogen  and  carbonic  acid.  When  this 
water  is  saturated  with  muriatic  acid  and  evaporated  it  yields  muriate  of  ammonia,  or 
sal  ammoniac,  somewhat  impure,  which  is  afterwards  purified  by  sublimation.  See 
Carbonate  of  Ammonia  and  Sal  Ammoniac. 

The  soot  of  chimneys  where  coal  is  burned  contains  both  sulphate  and  carbonate  of 
ammonia,  and  was  extensively  employed,  at  one  time,  to  manufacture  these  salts. 

In  making  water  of  ammonia  on  the  great  scale,  a  cast  iron  still  should  be  preferred, 
and  equal  weights  of  quicklime  and  sal  ammoniac  should  be  brought  to  the  consistence 
of  a  pap,  with  water,  before  the  heat  is  applied.  In  this  case  a  refrigeratory  worm  or 
globe  should  be  interposed  between  the  adopter  tube  of  the  capital  of  the  still  and  the 
bottles  of  Woulfes  apparatus.  The  muriate  of  lime,  or  chloride  of  calcium,  which  is  left 
in  the  still  when  the  whole  ammonia  is  expelled,  is  of  no  value.  W^ater  is  capable  of 
condensing  easily  about  one  third  of  its  weight  of  ammonia  gas,  or  460  times  its  bulk. 
The  following  table  of  the  quantity  of  ammonia  in  100  parts  by  weight  of  its  aqueous 
combinations,  at  successive  densities,  is  the  result  of  very  careful  experiments  made  by 
me,  and  recorded  in  the  Philosophical  Magazine  for  March,  1821. 
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90 
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0-9090 
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6  to  1 

85 
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80 
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0-91838 

21-25  +  78-75, 

7  to  1 

75 
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70 
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19-1+80-9, 

8  to  1 

65 
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60 
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10  to  1 

55 
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0-9410 

0-94241 

14-66  +  85-34, 

11  to  1 

50 

13-250 

86-750 

0-9455 

0-94737 

13-60  +  86-40, 

12  to  1 

45 
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88-075 
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11-2  +  88-8, 

14  to  1 

40 

10-600 

89-400 

0-9564 

0-95744 

15  to  1 

35 

9-275 

90-725 

0-9614 

0-96256 

30 

7-950 

92-050 

0-9662 

0-96774 

8-63  +  91-37, 

20  to  1 

25 

6-625 

93-375 

0-9716 

0-97297 

7  +  93, 
6  +  94, 

25  to  1 

20 

5-300 

94-700 

0-9768 

0-97826  ' 

30  to  1 

15 

3-975 

96-025 

0-9828 

0-98360 

4-5  +  95-5, 

3  +  97, 

40  to  1 

10 

2-650 

97-350 

0-9887 

0-98900 

60  to  1 

5 

1-325 

98-675 

0-9945 

0-99447 

AMMONIAC,  gum-resin.  This  is  the  inspissated  juice  of  an  umbelliferous  plant 
(the  doretna  armeniacum)  -which  grows  in  Persia.  It  comes  to  us  either  in  small 
white  tears  clustered  together,  or  in  bro-wnigh^  lumps,  containing  many  impurities.  It 
possesses  a  peculiar  smell,  somewhat  like  that  of  asafcEtida,  and  a  bitterish  taste.  It 
is  employed  in  medicine.  Its  only  use  in  the  arts  is  for  forming  a  cement  to  join, 
broken  pieces  of  china  and  glass,  -which  may  be  prepared  as  follows :  Take  isinslass 
1  ounce,  distilled  water  6  ounces,  boil  together  down  to  3  ounces,  and  add  1^  ounce  of. 
strong  spirit  of  wine ;  boil  this  mixture  for  a  minute  or  two ;  strain  it ;  add,  while 
hot,  first,  half  an  ounce  of  a  milky  emulsion  of  gum  ammoniac,  and  then  five  drams  of 
an  alcoholic  solution  of  resin  mastic.  This  resembles  a  substance  sold  in  the  London 
shops,  under  the  name  of  diamond  cement.  The  recipe  was  given  me  by  a  respectable 
dispensing  chemist. 

Amorphous,  without  shape.  Said  of  mineral  and  other  substances  which  oecu)- 
in  forms  not  easy  to  be  defined. 

ANALYSIS.     The  art  of  resolving  a  compound  substance  or  machine  into  its  con- .' 
stituent  parts.     Every  manufacturer  should  so  study  this  art,  in  the  proper  treatises  and 
schools  of  Chemistry  or  Mechanics,  as  to  enable  him  properly  to  understand  and  re<^ulat«i* 
his  business. 

ANCHOR.     {Ancre,  Fr. ;    Anker,   Germ.)     An   iron   hook   of  considerable   weight ' 
and  strength,  for  enabling  a  ship  to  lay  hold  of  the  ground,  and  fix  itself  in  a  certaiA 
situation  by  means  of  a  rope  called  the  cable.     It  is  an  instrument  of  the  greatest  im>- 
portance  to  the  navigator,  since  upon  its  taking  and  keeping  hold  depends  his  safety  upoA 
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many  occasions,  especially  near  a  lee  shore,  where  he  might  be  otherwise  stranded  or 
shipwrecked.  Anchors  are  generally  made  of  wrought  iron,  except  among  nations  who 
cannot  work  this  metal  well,  and  who  therefore  use  copper.  The  mode  in  which  an 
anchor  operates  will  be  understood  from  inspection  of  fig.  6,  where,  from  the  direction 
of  the  strain,  it  is  obvious  that  the  anchor  cannot  move  without  ploughing  up  the 
ground  in  which  its  hook  or  fluke  is  sunk.  When  this,  however,  unluckily  takes 
place,  from  the  nature  of  the  ground,  from  the  iriode  of  insertion  of  the  anchor,  or  from 
the  violence  of  the  winds  or  currents,  it  is  called  dragging  the  anchor.  When  the  hold  is 
good,  the  cable  or  the  buried  arm  will  sooner  break  than  the  ship  will  drive.  Anchors 
are  of  different  sizes,  and  have  different  names,  according  to  the  purposes  they  serve ; 
thus  there  are,  sheet,  best  bower,  small  bower,  spare,  stream,  and  hedge  anchors.  Ships 
of  the  first  class  have  seven  anchors,  and  smaller  vessels,  such  as  brigs  and  schooners, 
three. 

The  manufacture  of  anchors  requires  great  knowledge 
of  the  structure  of  iron,  and  skill  in  the  art  of  working 
it.  I  shall  give,  here,  a  brief  notice  of  the  improved  system 
introduced  by  Mr.  Perring,  clerk  of  the  cheque  at  Ply- 
mouth, in  which  the  proportions  of  the  parts  are  admirably 
adapted  to  the  strains  they  are  likely  to  suffer.  In  fig.  7, 
A  is  the  shank  ;  b,  the  arm  or  flxike  ;  c,  the  palm  ;  d,  the 
blade ;  E,  the  square  ;  f,  the  nut ;  g,  the  ring ;  h,  the  crown. 
Formerly  the  shank  was  made  of  a  number  of  square 
iron  rods,  laid  parallel  together  in  a  cylindrical  form,  and 
bound  by  iron  hoops.  When  they  were  welded  into  one 
bar,  the  exterior  rods  could  not  fail  to  be  partially  burned 
and  wasted  by  the  strong  heat.  Mr.  Perrin  abated  this 
evil  by  using  bars  of  the  whole  breadth  of  the  shank,  and 
placing  them  right  over  each  other,  hooping  them  and 
welding  them  together  at  two  heats  into  one  solid  mass. 
To  any  one  who  has  seen  the  working  of  puddled  iron,  with 
a  heavj'  mill  hammer,  this  operation  will  not  appear  difficult. 

He  formed  the  crown  with  bars  similarly  distributed  with  those  of  the  shank.     His 

.mode   of  uniting   the  flukes  to   the  crown   is   probably  the  most  valuable  part  of  his 

invention.     The  bars  and  half  the  breadth  of  the  anchor  are  first  welded  separately,  and 

then  placed  side  by  side,  where  the  upper  half  is  worked  into  one  mass,  while  the  lower 

part  is  left  disunited,  but  has  carrier  iron  bars,  or  porters,  as  these  prolongation  rods 

are  commonly  called,  welded  to  the  extremity  of  each  portion.     The  lower  part  is  now 

'heated  and  placed  in  the  clamping  machine,  which  is  merely  an  iron  plate  firmly  bolted 

'  to  a  mass  of  timber,  and  bearing  upon  its  surface  four  iron  pins.     One  end  of  the  crown 

is  placed  between  the  first  of  these  pins,  and  passed  under  an  iron  strap;  the  other  end 

'  'is  brought  between  the  other  pins,  and  is'bent  by  the  leverage  power  of  the  elongated 

rods  or  porters. 

Thus  a  part  of  the  arm  being  formed  out  of  the  crown  gives  much  greater  security 
that  a  true  union  of  fibres  is  effected,  than  when  the  junction  was  made  merely  by  a  short 
■  fecarf. 

-  The  angular  opening  upon  the  side  opposite  b  ir,  fig.  7,  is  filled  with  the  chock, 
formed  of  short  iron  bars  placed  upright.  When  this  has  been  firmly  welded,  the  truss- 
piece  is  brought  over  it.  This  piece  is  made  of  plates  similar  to  the  above,  except  that 
•their  edges  are  here  horizontal.  The  truss-piece  is  half  the  breadth  of  the  arm  ;  so  that, 
'when  united  to  the  crown,  it  constitutes,  with  the  other  parts,  the  total  breadth  of  the 
•arms  at  those  places. 

The  shank  is  now  shut  upon  the  crown;  the  square  is  formed,  and  the  nuts  welded  to 
it ;  the  hole  is  punched  out  for  the  ring,  and  the  shank  is  then  fashioned. 

The  blade  is  made  much  in  the  way  above  described.     In  making  the  palm,  an  iron 

"  rod  is  first  bent  into  the  approximate  form,  notching  it  so  that  it  may  more  readily  take 

«-4he  desired  shape.     To  one  end  a  porter  rod  is  fastened,  by  which  the  palm  is  carried 

•  and  turned  round  in  the  fire  during  the  progress  of  the  fabrication.     Iron  plates  are  next 

>  laid  side  by  side  upon  the  rod,  and  the  joint  at  the  middle  is  broken  by  another  plate 

■'  laid  over  it.     When  the  mass  is  worked,  its  under  side  is  filled  up  by  similar  plates,  and 

the  whole  is  completely  welded  ;  pieces  being  added  to  ihe  sides,  if  necessary,  to  form  the 

angles  of  the  palm.     The  blade  is  then  shut  on  to  the  palm,  after  which  the  part  of  the 

arm  attached  to  the  blade  is  united  to  that  which  constitutes  the  crown.  The  smith-work 

of  the  anchor  is  now  finished. 

The  junction,  or  shutting  on,  as  the  workmen  call  it,  of  the  several  members  of  an 
anchor,  is  effected  by  an  instrument  called  a  monkey,  which  is  merely  a  mass  of  iron 
raised  to  a  certain  height,  between  parallel  uprights,  as  in  the  pile  engine  or  vertical 
ram,  and  let  fall  upon  the  metal  previously  brought  to  a  welding  heat. 
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The  monkey  and  the  hercuks,  both  silly,  trivial  names,  are  similar  instruments,  and  are 
usually  worked,  like  a  portable  pile  engine,  by  the  hands  of  several  laborers,  pulling 
separate  ropes.  Many  other  modes  of  manufacturing  anchors  have  been  devised,  in 
which  mechanical  power  is  more  extensively  resorted  to. 
.  The  upper  end  of  the  shank  f  (fig.  7)  is  squared  to  receive  and  hold  the  stock  steadi- 
ly, and  keep  it  from  turning.  To  prevent  it  shifting  along,  there  are  two  knobs  or 
tenon-like  projections.  The  point  of  the  angle  h,  between  the  arms  and  the  shank,  is 
sometimes  called  the  throat.  The  arm  b  c  generally  makes  an  angle  of  56°  with  the 
shank  a  ;  it  is  either  round  or  polygonal,  and  about  half  the  length  of  the  shank. 

The  stock  of  the  anchor  (fig.  6)  is  made  of  oak.  It  consists  of  two  beams  which  em- 
brace the  square,  and  are  firmly  united  by  iron  bolts  and  hoops,  as  shown  in  the  figure. 
The  stock  is  usually  somewhat  longer  than  the  shank,  has  in  the  middle  a  thickness 
about  one  twelfth  of  its  length,  but  tapers  at  its  under  side  to  nearly  one  half  this  thick- 
ness at  the  extremities.  In  small  anchors  the  stock  is  frequently  made  of  iron ;  but  in 
this  case  it  does  not  embrace  the  anchor,  but  goes  through  a  hole  made  in  the  square, 
which  is  swelled  oiit  on  purpose. 

The  weight  of  anchors  for  different  vessels  is  proportioned  to  the  tonnage  ;  a  good  rule 
being  to  make  the  anchor  in  hundred  weights  one  twentieth  of  the  number  of  tons  of  the 
burden.  Thus  a  ship  of  1000  tons  would  requii-e  a  sheet  anchor  of  50  cwts.  Ships  of 
war  are  provided  with  somewhat  heavier  anchors. 

Several  new  forms  and  constructions  of  anchors  were  proposed  under  Mr.  Piper's  pa- 
tent of  November,  1822,  by  the  adoption  of  which  great  advantages  as  to  strenglh  v/ere 
anticipated  over  every  other  form  or  construction  previously  made. 

The  particular  object  was  to  preserve  such  a  disposition  of  the  fibres  of  the  metal  as 
should  afford  the  greatest  possible  strength ;  in  doing  which  the  crossing  or  bending  of 
the  fibres  at  the  junctions  of  the  shank,  fiukes,  and  crown,  where  great  strength  is  re- 
quired, has  been  avoided  as  much  as  possible,  so  that  the  fibres  are  not  disturbed  or 
injured. 

In  this  respect  most  anchors  are  defective  ;  for  in  connecting  the  shanks  to  the  crown- 
pieces,  the  grain  of  the  metal  is  either  crossed,  or  so  much  curved,  as  to  strain  the  fibre, 
and  consequently  induce  a  weakness  where  the  greatest  strength  is  required.  And,  fur- 
ther, the  very  considerable  tliicknesses  of  metal  which  are  to  be  brought  into  immediate 
contact  by  means  of  the  hammer  in  forging  anchors  upon  the  old  construction,  render  it 
highly  probable  that  faulty  places  may  be  left  within  the  mass,  though  they  be  externally 
imperceptible.  Mr.  Piper's  leading  principle  was,  that  the  fibre  of  the  metal  should  run 
nearly  straight  in  all  the  parts  where  strength  is  particularly  required. 

Fig.  8  shows  an  anchor  with  one  tumbling  fluke,  which 
passes  through  the  forked  or  branched  part  of  the  shank.  The 
lower  part  of  this  anchor,  answering  to  the  crown,  has  a  spin- 
dle through  it,  upon  which  the  fluke  turns,  and  a  pin  is  there 
introduced  for  the  purpose  of  confining  the  fluke  when  in  a 
holding  position.  This  shank  is  formed  of  a  solid  piece  of 
wrought  iron,  the  fibres  of  which  run  straight,  and  at  the 
crown  holes  are  pierced,  which  merely  bulge  the  metal  without 
bending  the  fibres  round  so  as  to  strain  them.  The  arm  and 
fluke,  also,  are  formed  of  one  piece  punched  through  without 
curling  or  crossing  the  fibre,  and  the  spindle  which  holds  the 
arm  to  the  crown  is  likewise  straight.  This  spindle  extends  some  distance  on  eacli  side 
of  the  anchor,  and  is  intended  to  answer  the  purpose  of  a  stock ;  for  when  either  of  the 
ends  of  the  spindle  comes  in  contact  with  the  ground,  the  anchor  will  be  thrown  over 
into  a  holding  position ;  or  an  iron  stock  may  be  introduced  near  the  shackle,  instead  of 
,these  projecting  ends.  In  the  descent  of  the  anchor,  the  fluke  will  fall  over  towards 
that  side  which  is  nearest  the  ground,  and  will  there  be  ready  to  take  hold  when  the 
anchor  is  drawn  forward. 

Fig.  9  is  another  anchor  upon  the  same  principle,  but 
slightly  varied  in  form  from  the  last.  In  this  the  forked  part 
of  the  shank  is  closer  than  in  the  former,  and  there  are  two 
arms  or  flukes  connected  to  the  crown-pieces,  one  of  which  falls 
into  its  holding  position  as  the  anchor  comes  to  the  ground, 
and  is  held  at  its  proper  angle  by  the  other  fluke  stopping 
against  the  shank. 

Fig.  10  represents  another  variation  in  the  form  of  these 
improved  anchors,  having  two  t\unbling  flukes,  which  are  both 
intended  to  take  hold  of  the  ground  at  the  same  time.  The 
shank  is  here,  as  before,  made  without  crossing  the  grain  of  the  iron,  and  the  eyes  for 
admitting  the  bolt  at  the  crown  and  at  the  shackle  are  punched  out  of  the  solid,  not 
formed  by  welding  or  turning  the  iron  round.    In  this  form  a  guard  is  introduced  at 


52 


ANCHOR. 


the  crown,  to  answer  the  purpose  of  a  stock,  by  turning  the  flukes  over  into  a  hoMing 
j)Osition.  The  arms  and  flukes  are  made,  as  before  described,  of  the  straight  fibre  of 
the  iron  punched  through,  and  the  flukes  are  fixed  to  the  spindle,  which  passes  tiu-ough 
the  crown-piece. 

Fig.  1 1  has  a  shank  without  any  fork,  but  formed  straight  throughout ;  the  guard 
here  is  an  elongated  frame  of  iron,  for  the  same  purpose  as  a  stock,  and  is,  with  the 
tumbling  flukes,  fastened  to  the  spindle,  which  passes  thi-ough  the  crown  of  the  anchor, 
and  causes  the  flukes  to  faU  into  their  holding  position. 

The  principles  of  these  new  anchors  are  considered  to  consist  in  shanks  which  are 
made  of  straight  lengths  of  metal,  and  finished  so  that  the  fibres  of  the  iron  shall  not  be 
injured  by  cross-shuts  or  uncertain  welding;  also  each  arm  and  palm  is  made  in  one 
solid  piece,  and  finished  in  straight  lines,  so  that  the  fibres  wiU  not  be  altered,  and  the 
shaft-pin  or  spindle  will  also  be  in  one  straight  line ;  and  this  is  the  improvement 
claimed.  These  anchors,  being  made  in  separate  pieces,  give  a  great  advantage  to  the 
workman  to  execute  each  part  perfectly  ;  for  he  wiU  not  have  such  heavy  weights  to  lift 
when  hot,  which  wUl  render  these  anchors  much  stronger,  with  less  weight ;  and  if  any 
accident  should  happen  to  them,  any  part  may  be  taken  separate  from  the  others  to  be 
repaired,  and  several  of  those  parts  of  the  anchor  which  may  be  likely  to  break  may  be 
carried  on  board,  in  case  of  accident.  This  anchor  is  so  contrived  that  one  of  thirty 
hundred  weight  may  be  taken  to  pieces  and  put  together  again,  by  one  man,  in  twentj' 
minutes ;  it  may  also  be  dismounted,  and  stowed  in  any  part  of  the  ship,  in  as  little  room 
as  straight  bars  of  iron,  and  speedily  put  together  again. 

The  anchor  (fig.  12)  patented  by  Mr.  Brunton,  in  February, 
1822,  has  its  stock  introduced  at  the  crown  part,  for  the  purpose 
of  turning  it  over  into  a  holding  position.  The  shank  is  perfora- 
ted through  the  solid,  in  two  places,  with  elliptical  apertures,  for 
the  purpose  of  giving  it  a  greater  stability,  and  more  eflectually 
resisting  the  strain  to  which  the  anchor  may  be  subjected.  The 
stock  is  a  cylindrical  iron  rod,  held  at  its  extremities  by  lateral 
braces,  which  are  bolted  to  the  shank. 
Fig.  12  shows  the  fonn  of  the  anchor.  The  shank  is  seen 
upright,  with  one  of  the  flukes  projecting  in  its  front;  the  horizontal  iron  stock  is  at 
bottom ;  and  the  oblique  braces  are  bolted  to  both  shank  and  stock.  The  ends  of  the 
stock,  from  the  shoulder,  are  formed  dove-tailed,  and  oval  in  the  vertical  direction,  and 

are  protruded  through  apertui-es  in  the  bra- 
ces, also  oval,  but  in  the  horizontal  direction, 
and  counter  sunk.  When  the  ends  of  the 
stock  have  been  thus  introduced  through  the 
holes,  the  braces  are  securely  bolted  to  the 
shank,  the  ends  of  the  stock  are  then  spread, 
by  hammering  into  the  counter-sunk  holes 
of  the  braces,  and  by  that  means  they  are 
made  firm. 

An  anchor  of  this  description  is  consider- 
ed by  the  patentee  to  possess  considerable 
advantage,  particularly  in  point  of  stability, 
over  the  ordinary  construction  of  ancliors, 
and  is  economical,  inasmuch  as  a  less  weight 
of  metal  wiU  give,  upon  this  plan,  an  equal 
degree  of  strength. 

An  ingenious  form  of  anchor  was  made 
the  subject  of  a  patent,  by  Lieutenant  Rodg- 
ers,  of  the  Royal  Navy,  in  1828,  and  was 
afterwards  modified  by  him  in  a  second  pa- 
tent, obtained  in  August,  1829.  The  whole 
of  the  parts  of  the  anchor  are  to  be  bound 
together  by  means  of  iron  bands  or  hoops, 
in  place  of  bolts  or  pins. 

Fig.   13    is   a   side   view  of  a   ccanplete 

anchor,    formed    upon    his    last    improved 

construction,   and  fig.    14,   a   plan   of   the 

same ;  fig.   15,   an  end  view  of  the  crown 

and  flukes,    or    arms;    fig.    16    represents 

the    two    principal    iron    plates,    a,   a,   of 

which  the  shank  is  constructed,  but  so  as  to  form  parts  of  the  stump  arms  to  which  the 

flukes  are  to  be  connected. 

The  crown  piece  is  to  be  welded  to  the  stump  piece,  c,  c,  fig.  16,  as  well  as  to  Jie 
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end  I  of  the  centre  piece  h  h,  and  the  scarfs  m  m  are  to  be  cut  to  receive  the  arms  or 
flukes.  Previously,  however,  to  uniting  the  arms  or  flukes  with  the  stump  arms,  the 
crown  and  throat  of  the  anchor  are  to  be  strengthened,  by  the  application  of  the  crown 
slabs  n  n,fig.  16,  which  are  to  be  welded  upon  each  side  of  the  crown,  overlapping  the 
end  of  the  pillar  h,  and  the  throat  or  knees  of  the  stump  arms  and  the  crown  piece.  The 
stump  arms  are  then  to  be  strengthened  in  a  similar  manner,  by  the  thin  flat  pieces  p  p, 
which  are  to  be  welded  upon  each  side.  The  palms  are  united  to  the  flukes  in  the 
usual  way,  and  the  flukes  are  also  united  to  the  stump  arms  by  means  of  the  long  scarfs 
m  m.  When  the  shank  of  the  anchor  has  been  thus  formed,  and  united  with  the  flukes, 
the  anchor  smith's  work  may  be  said  to  be  complete. 

Another  of  the  improvements  in  the  construction  of  anchors,  claimed  under  this 
patent,  consists  in  a  new  method  of  afiixing  the  stock  upon  the  shank  of  the  anchor, 
which  is  effected  in  the  following  manner  :  in  fig.  14,  the  stock  is  shown  affixed  to  the 
anchor;  in  fig.  17,  it  is  shown  detached.  It  may  be  made  either  of  one  or  two  pieces 
of  timber,  as  may  be  found  most  convenient.  It  is,  however,  to  be  observed  that  ihe 
stock  is  to  be  completed  before  fitting  on  to  the  shank.  After  the  stock  is  shaped,  a  hole 
is  to  be  made  through  the  middle  of  it,  to  fit  that  part  of  the  shank  to  which  it  is  to  be 
affixed.  Two  stock  plates  are  then  to  be  let  in,  one  on  each  side  of  the  stock,  and  made 
fast  by  counter  sunk  nails  and  straps,  or  hoops ;  other  straps  or  hoops  of  iron  are  also  to 
be  placed  round  the  stock,  as  usual. 

In  place  of  nuts,  formed  upon  the  shank  of  the  anchor,  it  is  proposed  to  secure  the 
stock  by  means  of  a  hoop  and  a  key,  shown  above  and  below  j,  in  fig.  14.  By  this 
contrivance,  the  stock  is  prevented  from  going  nearer  to  the  crown  of  the  anchor  than  it 
ought  to  do,  and  the  key  prevents  it  from  sliding  towards  the  shackle. 

Since  fitting  the  stock  to  the  shank  of  an  anchor,  by  this  method,  prevents  the  use  of 
a  ring,  as  in  the  ordinary  manner,  the  patentee  says  that  he  in  all  cases  substitutes  a 
shackle  for  the  ring,  and  which  is  all  that  is  required  for  a  chain  cable ;  but,  when  a 
hempen  cable  is  to  be  used,  he  connects  a  ring  to  the  usual  shackle,  by  means  of  a  join- 
ing shackle,  as  in  figs.  13  and  14. 

Mr.  Rodgers  proposes,  under  another  patent,  dated  July,  1833,  to  alter  the  size  and 
form  of  the  palms ;  having  found  from  experience  that  anchors  with  small  palms  will 
not  only  hold  better  than  with  large  ones,  but  that  the  arms  of  the  anchor,  even  without 
any  palms,  have  been  found  to  take  more  secure  hold  of  the  ground  than  anchors  of  the 
old  construction,  of  similar  weight  and  length.  He  has,  accordingly,  fixed  upon  one- 
fifth  of  the  length  of  the  arm,  as  a  suitable  proportion  for  the  length  or  depth  of  the  palm. 
He  makes  the  palms,  also,  broader  than  they  are  long  or  deep. 

ANIME'.  A  resin  of  a  pale  brown  yellow  color,  transparent  and  brittle.  It  exudes 
from  the  courbaril  of  Cayenne,  a  tree  which  grows  also  in  various  parts  of  South  Ameri- 
ca. It  occurs  in  pieces  of  various  sizes,  and  it  often  contains  so  many  insects  belonging 
to  living  species,  as  to  have  merited  its  name,  as  being  animated.  It  contains  about  a 
fifth  of  one  per  cent,  of  a  volatile  oil,  which  gives  it  an  agreeable  odor.  Alcohol  does 
not  dissolve  the  genuine  anime,  as  I  have  ascertained  by  careful  experiments ;  nor  does 
caoutchoucine  ;  but  a  mixture  of  the  two,  in  equal  parts,  softens  it  into  a  tremulous  jel- 
ly, though  it  will  not  produce  a  liquid  solution.  When  reduced  to  this  state,  the  insects 
can  be  easily  picked  out,  without  injury  to  their  most  delicate  parts. 

The  specific  gravity  of  the  different  specimens  of  anime  which  I  tried,  varied  from 
1*054  to  1"057.  When  exposed  to  heat,  in  a  glass  retort  over  a  spirit  flame,  it  softens, 
and,  by  careful  management,  it  may  be  brought  into  liquid  fusion,  without  discoloration. 
It  then  exhales  a  few  white  vapors,  of  an  ambrosiacal  odor,  which  being  condensed  in  wa- 
ter, and  the  liquid  being  tested,  is  found  to  be  succinic  acid.     Author. 

It  is  extensively  used  by  the  varnish  makers,  who  fuse  it  at  a  pretty  high  heat,  and  in 
this  state  combine  it  with  their  oils,  or  other  varnishes. 

ANKER.     A  liquid  measure  of  Amsterdam,  which  contains  32  gallons  English. 

ANNEALING  or  NEALING.  (Le  recuif,  Fr. ;  das  anlassen,  Germ.)  A  process 
by  which  glass  is  rendered  less  frangible ;  and  metals,  which  have  become  brittle,  either 
in  consequence  of  fusion,  or  long-continued  hammering,  are  again  rendered  malleable. 
When  a  glass  vessel  is  allowed  to  cool  immediately  after  being  made,  it  will  often  sustain 
the  shock  of  a  pistol-bullet,  or  any  other  blunt  body  falling  into  it  from  a  considerable 
height ;  while  a  small  splinter  of  flint,  or  an  angular  fragment  of  quartz,  dropped  gently 
into  it,  makes  it  sometimes  immediately,  sometimes  after  a  few  minutes,  fly  to  pieces 
with  great  violence.  This  extreme  fragility  is  prevented  by  annealing,  or  placing  the 
vessels  in  an  oven,  where  they  take  several  hours  or  even  some  days  to  cool.  Similar  phe- 
nomena are  exhibited  in  a  higher  degree  by  glass-tears,  or  Prince  Rupert's  drops.  They 
are  procured  by  letting  drops  of  melted  glass  fall  into  cold  water.  Their  form  resembles 
that  of  a  pear,  rounded  at  one  extremity,  and  tapering  to  a  very  slender  tail  at  the  other. 
If  a  part  of  the  tail  be  broken  off,  the  whole  drop  flies  to  pieces  with  a  loud  explosion  ; 
and  yet  the  tail  of  a  drop  may  be  cut  away  by  a  glass-cutter's  wheel,  or  the  thick  end 
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may  be  struck  smartly  with  a  hammer,  without  the  fear  of  sustaining  any  injury.  When 
heated  to  redness,  and  permitted  to  cool  gradually  in  the  open  air,  they  lose  these  pecu- 
liarities, and  do  not  differ  sensibly  from  common  glass. 

The  properties  of  unannealed  glass  depend  on  a  peculiar  structure,  extending  uni- 
formly through  its  whole  substance  ;  and  the  bursting  of  a  glass  drop  by  breaking  off 
the  tail,  or  of  an  unannealed  glass  vessel,  by  dropping  a  piece  of  flint  into  it,  arises  from 
a  crack  being  thus  begun,  which  afterwards  extends  its  ramifications  in  different  direc- 
tions throughout  the  glass. 

When  metals  have  been  extended  to  a  certain  degree  under  the  hammer,  they  become 
brittle,  and  incapable  of  being  further  extended  without  cracking.  In  this  case  the 
workman  restores  their  malleability  by  annealing,  or  heating  them  red-hot.  The 
rationale  of  this  process  seems  to  be,  that  the  hammering  and  extension  of  the  metal 
destroy  the  kind  of  arrangement  which  the  particles  of  the  metal  had  previous  to  the  ham- 
mering ;  and  that  the  annealing,  by  softening  the  metal,  enables  it  to  recover  its  original 
structure. 

Of  late  years  a  mode  has  been  discovered  of  rendering  cast  iron  malleable,  without 
subjecting  it  to  the  action  of  puddling.  The  process  is  somewhat  similar  to  that  em- 
ployed in  annealing  glass.  The  metal  is  kept  for  several  hours  at  a  temperature  a  little 
below  its  fusing  point,  and  then  allowed  to  cool  slowly.  In  this  manner  vessels  are 
made  of  cast  iron  which  can  sustain  considerable  violence,  without  being  broken.  See 
Steel,  softening  of. 

ANNOTTO.  (Rocou,  or  roucou,  Fr. ;  Orleans,  Germ.)  A  somewhat  dry  and  hard  paste, 
brown  without,  and  red  within.  It  is  usually  imported  in  cakes  of  two  or  three  pounds 
weight,  wrapped  up  in  leaves  of  large  reeds,  packed  in  casks,  from  America,  where  it  is 
prepared  from  the  seeds  of  a  certain  tree,  the  bixa  orellana,  of  Linnaeus. 

The  pods  of  the  tree  being  gathered,  their  seeds  are  taken  out  and  bruised;  they  are 
then  transferred  to  a  vat,  which  is  called  the  steeper,  where  they  are  mixed  with  as  much 
water  as  covers  them.  Here  the  substance  is  left  for  several  weeks,  or  even  months ; 
it  is  now  squeezed  through  sieves  placed  above  the  steeper,  that  the  Avater  containing 
the  coloring  matter  in  suspension  may  return  into  the  vat.  The  residuum  is  preserved 
under  the  leaves  of  the  anana  (pine-apple)  tree,  till  it  becomes  hot  by  fermentation.  It 
is  again  subjected  to  the  same  operation,  and  this  treatment  is  continued  till  no  more 
color  remains. 

The  substance  thus  extracted  is  passed  through  sieves,  in  order  to  separate  the 
remainder  of  the  seeds,  and  the  color  is  allowed  to  subside.  The  precipitate  is  boiled 
in  coppers  till  it  be  reduced  to  a  consistent  paste ;  it  is  then  suffered  to  cool,  and  dried  in 
the  shade. 

Instead  of  this  long  and  painful  labor,  which  occasions  diseases  by  the  putrefaction  in- 
duced, and  which  affords  a  spoiled  product,  Leblond  proposes  simply  to  wash  the  seeds  ol 
annotto  till  they  be  entirely  depriA'ed  of  their  color,  which  lies  wholly  on  their  surface; 
to  precipitate  the  color  by  means  of  vinegar  or  lemon  juice,  and  to  boil  it  up  in  the  ordi- 
nary manner,  or  to  drain  it  in  bags,  as  is  practised  with  indigo. 

The  experiments  which  Vauquelin  made  on  the  seeds  of  annotto  imported  by  Leblond, 
confirmed  the  efficacy  of  the  process  which  he  proposed;  and  the  dyers  ascertained  that 
the  annotto  obtained  in  this  manner  was  worth  at  least  four  times  more  than  that  of  com- 
merce ;  that,  moreover,  it  was  more  easUy  employed  ;  that  it  required  less  solvent ;  that 
it  gave  less  trouble  in  the  copper,  and  furnished  a  purer  color. 

Annotto  dissolves  better  and  more  readily  in  alcohol  than  in  water,  when  it  is  intro- 
duced into  the  yellow  varnishes  for  communicating  an  orange  tint. 

The  decoction  of  annotto  in  water  has  a  strong  peculiar  odor,  and  a  disagreeable 
taste.  Its  color  is  yellowish- red,  and  it  remains  a  little  turbid.  An  alkaline  solution 
renders  its  orange-yellow  clearer  and  more  agreeable,  while  a  small  quantity  of  a  whitish 
substance  is  separated  from  it,  which  remains  suspended  in  the  liquid.  If  annotto  be 
boiled  in  water  along  with  an  alkali,  it  dissolves  much  better  than  when  alone,  and  the 
liquid  has  an  orange  hue. 

The  acids  form  with  this  liquor  an  orange-colored  precipitate,  soluble  in  alkalies, 
which  conMnunicate  to  it  a  deep  orange  color.  The  supernatant  liquor  retains  only  a 
pale  yellow  hue. 

When  annotto  is  used  as  a  dye,  it  is  alwaj^s  mixed  with  alkali,  which  facilitates  its 
solution,  and  gives  it  a  color  inclining  less  to  red.  The  annotto  is  cut  in  pieces,  and 
boiled  for  some  instants  in  a  copper  with  its  own  weight  of  crude  pearl  ashes,  provided 
the  shade  wanted  do  not  require  less  alkali.  The  cloths  may  be  thereafter  dyed  in  this 
bath,  either  by  these  ingredients  alone,  or  by  adding  others  to  modify  the  color ;  but  an- 
uotto  is  seldom  used  for  woollen,  because  the  colors  which  it  gives  are  too  fugitive,  and 
may  be  obtained  by  more  permanent  dyes.  Hellot  employed  it  to  dye  a  stuff,  prepared 
with  alum  and  tartar;  but  the  color  acquired  had  little  permanence.  It  is  almost  solely 
used  for  silks. 
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For  silks  intended  to  become  aurora  and  orange,  it  is  sufficient  to  scour  them  at  the 
rate  of  20  per  cent,  of  soap.  When  they  have  been  well  cleansed,  they  are  immersed 
in  a  bath  prepared  with  water,  to  which  is  added  a  quantity  of  alkaline  solution  of  an- 
notto,  more  or  less  considerable  according  to  the  shade  that  may  be  wanted.  This  bath 
should  have  a  mean  temperature,  between  that  of  tepid  and  boiling  water. 

When  the  silk  has  became  uniform,  one  of  the  hanks  is  taken  out,  washed,  and  wrung, 
to  see  if  the  color  be  sufficiently  full ;  if  it  be  not  so,  more  solution  of  annotto  is  added, 
and  the  silk  is  turned  again  round  the  sticks  :  the  solution  keeps  without  alteration. 

When  the  desired  shade  is  obtained,  nothing  remains  but  to  wash  the  silk,  and  give  it 
two  beetlings  at  the  river,  in  order  to  free  it  from  the  redundant  annotto,  which  would 
injure  the  lustre  of  the  color. 

When  raw  silks  are  to  be  dyed,  those  naturally  white  are  chosen,  and  dyed  in  the  an- 
notto bath,  which  should  not  be  more  than  tepid,  or  even  cold,  in  order  that  the  alkali 
may  not  attack  the  gum  of  the  silk,  and  deprive  it  of  the  elasticity  which  it  is  desirable 
for  it  to  preserve. 

What  has  been  now  said  regards  the  silks  to  which  the  aurora  shades  are  to  to  be  given  ; 
but  to  make  an  orange  hue,  which  contains  more  red  than  the  aurora,  it  is  requisite, 
after  dyeing  with  annotto,  to  redden  the  silks  with  vinegar,  alum,  or  lemon  juice.  The 
acid,  by  saturating  the  alkali  employed  for  dissolving  the  annotto,  destroys  the  shade  of 
yellow  that  the  alkali  had  given,  and  restores  it  to  its  natural  color,  which  inclines  a 
good  deal  to  red. 

For  the  deep  shades,  the  practice  at  Paris,  as  Macquer  informs  us,  is  to  pass  the  silks 
through  alum;  and  if  the  color  be  not  red  enough,  they  are  passed  through  a  faint  bath 
of  brazil  wood.  At  Lyons,  the  dyers  who  use  carthamus,  sometimes  employ  old  baths 
oC  this  ingredient  for  dipping  the  deep  oranges. 

When  the  orange  hues  have  been  reddened  by  alum,  they  must  be  washed  at  the  river ; 
but  it  is  not  necessary  to  beetle  them,  unless  the  color  turns  out  too  red. 

Shades  may  be  obtained  also  by  a  single  operation,  which  retain  a  reddish  tint,  em- 
ploying for  the  annotto  bath  a  less  proportion  of  alkali  than  has  been  pointed  out. 

Guhliche  recommends  to  avoid  heat  in  the  preparation  of  annotto.  He  directs  it  to  be 
placed  in  a  glass  vessel,  or  in  a  glazed  earthen  one;  to  cover  it  with  a  solution  of  pure 
alkali ;  to  leave  the  mixture  at  rest  for  24  hours ;  to  decant  the  liquor,  filter  it,  and  add 
water  repeatedly  to  the  residuum,  leaving  the  mixture  each  time  at  rest  for  two  or  three 
days,  till  the  water  is  no  longer  colored  ;  to  mix  all  these  liquors,  and  preserve  the  whole 
for  use  in  a  well-stopped  vessel. 

He  macerates  the  silk  for  12  hours  in  a  solution  of  alum,  at  the  rate  of  an  eighth  of 
this  salt  for  one  part  of  silk,  or  in,  a  water  rendered  acidulous  by  the  aceto-citric  acid 
above  described ;  and  he  wrings  it  well  on  its  coming  out  of  this  bath. 

Silk  thus  prepared  is  put  into  the  annotto  bath  quite  cold.  It  is  kept  in  agitation 
there  till  it  has  taken  the  shade  sought  for ;  or  the  liquor  may  be  maintained  at  a  heat 
far  below  ebullition.  On  being  taken  out  of  the  bath,  the  silk  is  to  be  washed  and  dried 
in  the  shade. 

For  lighter  hues,  a  liquor  less  charged  with  color  is  taken  ;'  and  a  little  of  the  acid 
liquid  which  has  served  for  the  mordant  may  be  added,  or  the  dyed  silk  may  be  passed 
through  the  acidulous  water. 

We  have  seen  the  following  preparation  employed  for  cotton  velvet : — one  part  of 
quicklime,  one  of  potash,  two  of  soda. 

Of  these  a  ley  is  formed,  in  which  one  part  of  annotto  is  dissolved ;  and  the  mixture 
is  boiled  for  an  hour  and  a  half.  This  bath  aflbrds  the  liveliest  and  most  brilliant  auro- 
ras. The  buff  (chamois)  fugitive  dye  is  also  obtained  with  this  solution.  For  this  pur- 
pose only  a  little  is  wanted ;  but  we  must  never  forget,  that  the  colors  arising  from  an- 
notto are  all  fugitive. 

Dr.  John  found  in  the  pulp  surrounding  the  unfermented  fresh  seeds,  which  are  about 
the  size  of  little  peas,  28  parts  of  coloring  resinous  matter,  26*5  of  vegetable  gluten,  20 
of  ligneous  fibre,  20  of  coloring  extractive  matter,  4  formed  of  matters  analogous  to  vege- 
table gluten  and  extractive,  and  a  trace  of  spicy  and  acid  matters. 

The  Gloucestershire  cheese  is  colored  with  annotto,  in  the  proportion  of  one  cwt.  to 
an  ounce  of  the  dye. 

When  used  in  calico-printing,  it  is  usually  mixed  with  potash  or  ammonia  and  starch. 

It  is  an  appropriate  substance  for  tinging  varnishes,  oils,  spirits,  &c. 

The  import  duty  upon  annotto  is  Is.  per  cwt.  for  flag,  and  4s.  for  other  sorts.  In  1834, 
252,981  lbs.  were  imported;  and  in  1835,  163,421  lbs.  The  revenue  from  this  drug  in 
these  two  years,  was  180/.  and  98Z.  respectively. 

ANTHRACITE,  from  anOpa^,,  coal,  is  a  species  of  coal  found  in  the  transition  rock 
formation,  and  is  often  called  stone  coal.  It  has  a  grayish  black,  or  iron  black  color, 
an  imperfectly  metallic  lustre,  conchoidal  fracture,  and  a  specific  gravity  of  from  1'4  to 
1'6,  being,  therefore,  much  denser  than  the  coal  of  the  proper  coal  measures.     It  consists 
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wholly  of  carbon,  with  a  small  and  variable  proportion  of  iron,  silica,  and  alumina.  It 
is  difficult  to  kindle  in  separate  masses,  and  burns  when  in  heaps  or  grates  without 
smell  or  smoke,  leaving  sometimes  an  earthy  residuum.  It  has  been  little  explored  or 
worked  in  the  old  world ;  but  is  extensively  used  in  the  United  States  of  America,  and 
has  become  of  late  years  a  most  valuable  mineral  to  that  country,  where  it  is  burned  in 
peculiar  grates,  adapted  to  its  difficult  combustion.  In  Pennsylvania  the  anthracite  coal 
formation  has  been  traced  through  a  tract  many  miles  in  width,  and  extending  across 
the  two  entire  counties  of  Luzerne  and  Schuylkill.  At  Maunch  Chunk,  upon  the  Le- 
high, 800  men  were  employed,  so  far  back  as  1825,  in  digging  this  coal.  In  tliat  year 
750,000  bushels  were  despatched  for  Philadelphia.  It  is  worked  there  with  liitle  cost  or 
labor,  being  situated  on  hills  from  300  to  600  feet  above  the  level  of  the  neighboring 
rivers  and  canals,  and  existing  in  nearly  horizontal  beds,  of  from  15  to  40  feet  in  thick- 
ness, covered  by  only  a  few  feet  of  gravelly  loam.  At  Portsmouth,  in  Rhode  Island,  an 
extensive  stratum  ol^this  coal  has  been  worked,  with  some  interruptions,  for  20  years; 
and  more  recently  a  mine  of  anthracite  has  been  opened  at  V/orcester,  in  Massachusetts, 
at  the  head  of  the  Blacksione  canal.  It  has  been  of  late  employed  in  South  Wales,  for 
smelting  iron,  and  in  a  cupola  blast  furnace,  by  Mr.  Crane. 

ANTIGUGGLER.  A  small  syphon  of  metal,  which  is  inserted  into  the  mouths  of 
casks,  or  large  bottles,  called  carboys,  to  admit  air  over  the  liquor  contained  in  them,  and 
thus  to  facilitate  their  being  emptied  without  agitation  or  a  guggling  noise. 

ANTIMONY.  (Jntimoine,  Fr. ;  Spiessglanz,  or  Spicssglass,  Ger.)  The  only  ore 
of  this  metal  found  in  sufficient  abundance  to  be  smelted,  is  the  sulphuret,  formerly 
called  crude  antimony.  It  occurs  generally  in  masses,  consisting  of  needles  closely 
aggregated,  of  a  metallic  lustre,  a  lead-gray  color,  inclining  to  steel-gray,  which  is  un- 
changed in  the  streak.  The  needles  are  extremely  brittle,  and  melt  even  in  the  flame 
of  a  candle,  with  the  exhalation  of  a  sulphureous  smell.  The  powder  of  this  sulphuret 
is  very  black,  and  was  employed  by  women  in  ancient  times  to  stain  their  eyebrows  and 
eyelids.  This  ore  consists  in  100  parts  of  72-86  metal,  and  27-14  sulphur.  Specific 
gravity  from  4*13  to  4-6. 

The  veins  of  sulphuret  of  antimony  occur  associated  with  gangues  of  quartz,  sulphate 
of  barytes,  and  carbonate  of  lime  ;  those  of  AUemont  occur  in  the  numerous  fissures  of  a 
mica  schist,  evidently  primitive. 

In  treating  the  oie  to  obtain  the  metal,  the  first  object  is  to  separate  the  gangue, 
which  was  formerly  done  by  (illins  crucibles  with  the  mixed  materials,  placing  them  on 
the  hearth  of  an  oven,  and  exposing  them  to  a  moderate  heat.  As  the  sulphuret  easily 
melts,  it  ran  out  throush  a  hole  in  the  bottom  of  the  crucible  into  a  pot  placed  beneath, 
and  out  of  the  reach  of  the  fire.  But  the  great  loss  from  breakage  of  the  crucibles,  has 
caused  another  method  to  be  adopted.  In  this  the  broken  ore,  being  sorted,  is  laid  on 
the  bottom  of  a  concave  reverberatoiy  hearth,  where  it  is  reduced. 

Figs.  18,  19,  represent  a  wind  or  flame  furnace,  for  the  reduction  of  antimony.     The 

,        hearth    is   formed   of   sand 
'■^  '        and    clay    solidly   beat    to- 

gether, and  slo])es  from  all 
sides  towards  the  middle, 
where  it  is  connected  with 
the  orifice  a,  which  is  closed 
with  dense  coal-ashes  ;  b  is 
the  air  channel  up  through 
the  bridge;  c,  the  door  for 
introducins  the  prepared  ore,  and  running  off  the  slags;  rf.  the  bridge;  c.  the  grate;  /, 
the  fire  or  fuel  door ;  g,  the  chimney.  With  2  or  3  cwt.  of  ore,  the  smelting  process  is 
completed  in  from  S  to  10  hours.  The  metal  thus  obtained  is  not  pure  enough,  but  must 
be  fused  under  coal  dust,  in  portions  of  20  or  30  pounds,  in  crucibles,  placed  upon  a 
reverberatory  hearth. 

To  obtain  antimony  free  from  iron,  it  should  be  fused  with  some  antimonic  oxyde  in 
a  crucible,  whereby  the  iron  is  oxydized  and  separated.  The  presence  of  arsenic  in 
antimony  is  detected  by  the  garlic  smell,  emitted  by  such  an  alloy  when  heated  at  the 
blow-pipe;  or,  better,  by  igniting  it  with  nitre  in  a  crucible;  in  which  case,  insoluble 
antimonite  and  antimoniate  of  potash  will  be  formed  along  with  soluble  arseniate. 
Water  digested  upon  the  mixture,  filtered,  and  then  tested  with  nitrate  of  silver,  will  af- 
ford the  brown-red  precipitate  characteristic  of  arsenic  acid. 

According  to  Berlhier,  the  following  materials  afl'ord,  in  smelting,  an  excellent  ])ro- 
duct  of  antimony  :  100  parts  of  sulphuret ;  60  of  hammerschlag  (protoxyde  of  iron  from 
the  shingling  or  rolling  mills) ;  45  to  50  of  carbonate  of  soda  ;  and  10  of  charcoal  pow- 
der. From  65  to  70  parts  of  metallic  antimony  or  regulus  should  be  obtained.  Glauber 
jalts  may  be  used  instead  of  soda.  For  another  mode  of  smelting  antimony,  at  Malbosc, 
in  the  department  of  Ardeche,  in  France,  see  Liquation. 

In  the  works  where  antimonial  ores  are  smelted,  by  means  of  tartar  (argol),  the  alka- 
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line  scoriae,  which  cover  the  metallic  ingots,  are  not  rejected  as  useless,  for  they  hold 
a  certain  quantity  of  antimonial  oxyde  in  combination ;  a  property  of  the  potash  flux, 
which  is  propitious  to  the  purity  of  the  metal.  These  scoriae,  consisting  of  sulphuret 
of  potassium  and  antimonite  of  potash,  being  treated  with  water,  undergo  a  reciprocal 
decomposition ;  the  elements  of  the  water  act  on  those  of  the  sulphuret,  and  the 
resulting  alkaline  hydro-sulphuret  reacts  on  the  antimonial  solution,  so  as  to  form  a 
species  of  kcrnies  inineral,  which  precipitates.  This  is  dried,  and  sold  at  a  low  price  as 
a  veterinary  medicine,  under  the  name  of  kermes,  by  the  dry  way. 

Metallic  antimony,  as  obtained  by  the  preceding  process,  is  the  antimony  of  com- 
merce, but  is  not  absolutely  pure ;  containing  frequently  minute  portions  of  iron,  lead, 
and  even  arsenic ;  the  detection  and  separation  of  which  belong  to  the  sciences  of  che- 
mistry and  pharmacy.  Antimony  is  a  brittle  metal,  of  a  silvery  white  color,  with  a 
tinge  of  blue,  a  lamellar  texture,  and  crystalline  fracture.  When  heated  at  the  blow- 
pipe, it  melts  with  great  readiness,  and  diffuses  white  vapors,  possessing  somewhat  of  a 
garlic  smell.  If  thrown  in  this  melted  state  on  a  sheet  of  flat  paper,  the  globule  sparkles, 
and  bursts  into  a  multitude  of  small  spheroids,  which  retain  their  incandescence  for  a 
long  time,  and  run  about  on  the  paper,  leaving  traces  of  the  white  oxyde  produced 
during  the  combustion.  When  this  oxyde  is  fused  with  borax,  or  other  vitrifying  mat- 
ter, it  imparts  a  yellow  color  to  it.  Metallic  antimony,  treated  with  hot  nitric  acid  and 
in  a  concentrated  state,  is  converted  into  a  powder,  called  antimonious  acid,  which  is 
altogether  insoluble  in  the  ordinary  acid  menstrua;  a  property  by  which  the  chemist 
can  separate  that  metal  from  lead,  iron,  copper,  bismuth,  and  silver.  According  to 
Bergman,  the  specific  gravity  of  antimony  is  6-86 ;  but  Haidinger  makes  the  Swedish 
native  metal  only  6-64fi.  The  alchemists  had  conceived  the  most  brilliant  hopes  of  this 
metal.  The  facility  with  which  it  is  alloyed  with  gold,  since  its  fumes  alone  render  this 
most  ductile  metal  immediately  brittle,  led  them  to  assign  to  it  a  royal  lineage,  and  to 
distinguish  it  by  the  title  of  regulus,  or  the  little  king. 

Its  chief  employment  now  is  in  medicine,  and  in  making  the  alloys  called  type  metal, 
stereotype  metal,  music  plates,  and  Britannia  metal ;  the  first  consisting  of  6  of  lead  and 
2  of  antimony ;  the  second  of  6  of  lead  and  1  of  antimony ;  the  third  of  lead,  tin, 
and  antimony ;  and  the  fourth  also  of  lead,  tin,  and  antimony,  with  occasionally  a  little 
copper  and  bismuth. — For  Glass  of  antimony,  see  Pastes. 

ANTISEPTICS.  Substances  which  counteract  the  spontaneous  decomposition  of 
animal  and  vegetable  substances.  These  are  chiefly  culinary  salt,  nitre,  spices,  and 
sugar,  which  operate  partly  by  inducing  a  change  in  the  animal  or  vegetable  fibres, 
and  partly  by  rendering  the  aqueous  constituent  unsusceptible  of  decomposition.  See 
Provisions,  curing  of. 

ANVIL.  A  mass  of  iron,  having  a  smooth  and  nearly  flat  top  surface  of  steel ;  upon 
which  blacksmiths,  and  various  other  artificers,  forge  metals  with  the  hammer.  The  com- 
mon anvil  is  usually  made  of  seven  pieces  :  1,  the  core,  or  body ;  2,  3,  4,  5,  the  four  corner 
pieces  which  serve  to  enlarge  its  base ;  6,  the  projecting  end,  which  has  a  square  hole 
for  the  reception  of  the  tail  or  shank  of  a  chisel  on  which  iron  bars  may  be  cut  through  ; 
and  7,  the  beak,  or  horizontal  cone  round  which  rods  or  slips  of  metal  may  be  turned 
into  a  circular  form,  as  in  making  rings.  These  6  pieces  are  welded  separately  to  the 
first,  or  core,  and  then  hammered  into  a  uniform  body.  In  manufacturing  large 
anvils  two  hearths  are  needed,  in  order  to  bring  each  of  the  two  pieces  to  be  welded, 
to  a  proper  heat  by  itself;  and  several  men  are  employed  in  working  them  together 
briskly  in  the  welding  state,  by  heavy  swing  hammers.  The  steel  facing  is  applied  by 
welding  in  the  same  manner.  The  anvil  is  then  hardened  by  heating  it  to  a  cherry  red, 
and  plunging  it  into  cold  water  ;  a  running  stream  being  preferable  to  a  pool  or  cistern. 
The  facing  should  not  be  too  thick  a  plate,  for,  when  such,  it  i»  apt  to  crack  in  the 
hardening.  The  face  of  the  anvil  is  now  smoothed  upon  a  grindstone,  and  finally 
polished  with  emery  and  crocus,  for  all  delicate  purposes  of  art. 

The  blacksmith,  in  general,  sets  his  anvil  loosely  upon  a  wooden  block,  and  in  prefer- 
ence on  the  root  of  an  oak.  But  the  cutlers  and  file-makers  fasten  their  anvils  to  a 
large  block  of  stone ,  which  is  an  advantage,  for  the  more  firmly  and  solidly  this  tool  is 
connected  to  the  earth,  the  more  efficacious  will  be  the  blows  with  the  hammer  on  any 
object  placed  upon  it. 

AQUAFORTIS.  Nitric  acid,  somewhat  dilute,  was  so  named  by  the  alchemists 
on  account  of  its  strong  solvent  and  corrosive  operation  upon  many  mineral,  vegetable, 
and  animal  substances.     See  Nitric  Acid. 

AQUA  REGIA.  The  name  given  by  the  alchemists  to  that  mixture  of  nitric  and 
muriatic  acids  which  was  best  fitted  to  dissolve  gold,  styled  by  them  the  king  of  the 
metals.     It  is  now  called  nitro -muriatic  acid. 

AQUA  VITiE.  The  name  very  absurdly  given  to  alcohol,  when  used  as  an 
intoxicating  beverage.  It  has  been  the  aqua  mortis  to  myriads  of  the  human  race;  and 
will,  probably,  ere  long  destroy  all  the  native  tribes  of  North  America  and  Australia. 
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ARCHIL.  A  violet  red  paste  used  in  dyeing,  of  which  the  substance  called 
cudbear  in  Scotland  (from  Cuihbert,  its  first  preparer  in  that  form),  is  a  modification. 
Two  kinds  of  archil  are  distinguished  in  commerce,  the  archil  plant  of  the  Canaries,  and 
that  of  Auvergne.  The  first  is  most  esteemed :  it  is  prepared  from  the  lichen  roceUus. 
which  grows  on  rocks  adjoining  the  sea  in  the  Canary  and  Cape  de  Verd  Islands,  in  Sar- 
dinia, Minorca,  &c.,  as  well  as  on  the  rocks  of  Sweden.  The  second  species  is  prepared 
from  the  lichen  parellus,  which  grows  on  the  basaltic  rocks  of  Auvergne. 

There  are  several  other  species  of  lichen  which  might  be  employed  in  producing  an 
analogous  dye,  were  they  prepared,  like  the  preceding,  into  the  substance  called  archil. 
Hellot  gives  the  following  method  for  discovering  if  they  possess  this  property.  A  little 
of  the  plant  is  to  be  put  into  a  glass  vessel ;  it  is  to  be  moistened  Avith  ammonia  and 
lime-water  in  equal  parts ;  a  little  muriate  of  ammonia  (sal  ammoniac)  is  added ;  and 
the  small  vessel  is  corked.  If  the  plant  be  of  a  nature  to  afford  a  red  dye,  after  three  or 
four  days,  the  small  portion  of  liquid,  which  will  run  off  on  inclining  the  vessel,  now 
opened,  will  be  tinged  of  a  crimson  red,  and  the  plant  itself  will  have  assumed  this  color. 
If  the  liquor  or  the  plant  does  not  take  this  color,  nothing  need  be  hoped  for;  and  it  is 
useless  to  attempt  its  preparation  on  the  great  scale.  Lewis  says,  however,  that  he  has 
tested  in  this  way  a  great  many  mosses,  and  that  most  of  them  afforded  him  a  yellow  or 
reddish-brown  color;  but  that  he  obtained  from  only  a  small  number  a  liquor  of  a  deep 
red,  which  communicated  to  cloth  merely  a  yellowish-red  color. 

Prepared  archil  gives  out  its  color  very  readily  to  water,  ammonia,  and  alcohol.  Its 
solution  in  alcohol  is  used  for  filling  spirit-of-wine  thermometers ;  and  when  these  ther- 
mometers are  well  freed  from  air,  the  liquor  loses  its  color  in  some  years,  as  Abbe 
Nollet  obsen-ed.  The  contact  of  air  restores  the  color,  v.'hich  is  destroyed  anew,  in 
vacuo,  in  process  of  time.  The  watery  infusion  loses  its  color,  by  the  privation  of  air, 
in  a  few  days  ;  a  singular  phenomenon,  which  merits  new  researches. 

The  infusion  of  archil  is  of  a  crimson  bordering  on  violet.  As  it  contains  ammonia, 
which  has  already  modified  its  natural  color,  the  fixed  alkalies  can  produce  little  change 
on  it,  only  deepening  the  color  a  little,  and  making  it  more  violet.  Alum  forms  in  it 
a  precipitate  of  a  brown  red;  and  the  supernatant  liquid  retains  a  yellowish-red  color. 
The  solution  of  tin  affords  a  reddish  precipitate,  which  falls  down  slowly  ;  the  super- 
natant liquid  retains  a  feeble  red  color.  The  other  metallic  salts  produce  precipitates 
which  oflfer  nothing  remarkable. 

The  watery  solution  of  archil,  applied  to  cold  marble,  penetrates  it,  communicating  a 
beautiful  violet  color,  or  a  blue  bordering  on  purple,  which  resists  the  air  much  longei 
than  the  archil  colors  applied  to  other  substances.  Dufay  says,  that  he  has  seen  marble 
tinged  with  this  color  preserve  it  witho\U  alteration  at  the  end  of  two  years. 

To  dye  with  archil,  the  quantity  of  this  substance  deemed  necessary,  according  to  the 
quantity  of  wool  or  stuff  to  be  dyed,  and  according  to  the  shade  to  which  they  are  to  be 
brought,  is  to  be  diffused  in  a  bath  of  water  as  soon  as  it  besins  to  grow  warm.  The  bath 
is  then  heated  till  it  be  ready  to  boil,  and  the  wool  or  stuff  is  passed  through  it  without 
any  other  preparation,  except  keeping  that  longest  in,  which  is  to  have  the  deepest  shade. 
A  fine  gridelin,  bordering  upon  violet,  is  thereby  obtained  ;  but  this  color  has  no  perma- 
nence. Hence  archil  is  rarely  employed  with  any  other  view  than  to  modify,  heighten,  and 
give  lustre  to  the  other  colors.  Hellot  says,  that  having  employed  archil  on  wool  boiled 
with  tartar  and  alum,  the  color  resisted  the  air  no  more  than  what  had  received  no 
preparation.  But  he  obtained  from  herb  archil  (I'orseille  d'herbe)  a  much  more  durable 
color,  by  putting  in  the  bath  some  solution  of  tin.  The  archil  thereby  loses  its  natural 
color,  and  assumes  one  approaching  more  or  less  to  scarlet,  according  to  the  quantity 
of  solution  of  tin  employed.  This  process  must  be  executed  in  nearly  the  same  manner 
as  that  of  scarlet,  except  that  the  dyein?  may  be  performed  in  a  single  bath. 

Archil  is  frequently  had  recourse  to  for  varying  the  difi'erent  shades  and  givins:  them 
lustre ;  hence  it  is  used  for  violets,  lilachs,  mallows,  and  rosemary  flowers.  To  obtain  a 
deeper  tone,  as  for  the  deep  soiipes  au  vin,  sometimes  a  little  alkali  or  milk  of  lime  is 
mixed  with  it.  The  suites  of  this  browning  may  also  afford  agates,  rosemary  flowers, 
and  other  delicate  colors,  which  cannot  be  obtained  so  beautiful  by  other  processes. 
Alum  cannot  be  substituted  for  this  purpose  ;  it  not  only  does  not  give  this  lustre,  but 
it  degrades  the  deep  colors. 

The  herb-archil  is  preferable  to  the  archil  of  Auvergne,  from  the  greater  bloom  which 
it  communicates  to  the  colors,  and  from  the  larger  quantity  of  coloring  matter.  It 
has,  besides,  the  advantage  of  bearing  ebullition.  The  latter,  moreover,  does  not  answer 
with  alum,  which  destroys  the  color ;  but  the  herb  archil  has  the  inconvenience  of 
dyeing  in  an  irregular  manner,  unless  attention  be  given  to  pass  the  cloth  through  hot 
water  as  soon  as  it  comes  out  of  the  dye. 

Archil  alone  is  not  used  for  dyeing  sUk,  unless  for  lilachs ;  but  silk  is  frequently 
passed  tnrough  a  bath  of  archil,  either  before  dyeing  it  in  other  baths  or  after  it  has  been 
dyed,  in  order  to  modifv  different  colors,  or  to  give   them   lustre.    Examples  of  this 
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will  be  given  in  treating  of  the  compound  colors.  It  is  sufficient  here  to  point  out  how 
white  silks  are  passed  through  the  archil  bath.  The  same  process  is  performed  with  a 
bath  more  or  less  charged  with  this  coloi",  for  silks  already  dyed. 

Archil,  in  a  quantity  proportioned  to  the  color  desired,  is  to  be  boiled  in  a  copper.  The 
clear  liquid  is  to  be  run  off  quite  hot  from  the  archil  bath,  leaving  the  sediment  at  the 
bottom,  into  a  tub  of  proper  size,  in  which  the  silks,  newly  scoured  with  soap,  are  to  be 
turned  round  on  the  skein-sticks  with  much  exactness,  tUl  they  have  attained  the  wished- 
for  shade.     After  this  they  must  receive  one  beetling  at  the  river. 

Archil  is  in  general  a  very  useful  ingredient  in  dyeing ;  but  as  it  is  rich  in  color,  and 
communicaies  an  alluring  bloom,  dyers  are  often  tempted  to  abuse  it,  and  to  exceed  the 
proportions  that  can  add  to  the  beauty  without  at  the  same  time  injuring  in  a  dangerous 
manner  the  permanence  of  the  colors.  Nevertheless,  the  color  obtained  when  solution 
of  tin  is  employed,  is  less  fugitive  than  without  this  addition  :  it  is  red,  approaching  to 
scarlet.  Tin  appears  to  be  the  only  ingredient  which  can  increase  its  durability.  The 
solution  of  tin  may  be  employed,  not  only  in  the  dyeing  bath,  but  for  the  preparation  of 
the  silk.  In  this  case,  by  mixing  the  archil  with  other  coloring  substances,  dyes  may  be 
obtained  which  have  lustre  with  sufficient  durability. 

We  have  spoken  of  the  color  of  the  archil  as  if  it  were  natural  to  it ;  but  it  is,  really, 
due  to  an  alkaline  combination.  The  acids  make  it  pass  to  red,  either  by  saturating  the 
alkali,  or  by  substituting  themselves  for  the  alkali. 

The  lichen  which  produces  archil  is  subjected  to  another  preparation,  to  make  turn- 
sole (litmus).  This  article  is  made  in  Holland.  The  lichen  comes  from  the  Canary 
Islands,  and  also  from  Sweden.  It  is  reduced  to  a  fine  powder  by  means  of  a  mill, 
and  a  certain  proportion  of  potash  is  mixed  with  it.  The  mixture  is  watered  with 
urine,  and  allowed  to  suffer  a  species  of  fermentation.  When  this  has  arrived  at  a 
certain  degree,  carbonate  of  lime  in  powder  is  added,  to  give  consistence  and  weight  to 
the  paste,  which  is  afterwards  reduced  into  small  parallelopipeds  that  are  carefully 
dried. 

The  latest  researches  on  the  lichens,  as  objects  of  manufacture,  are  those  of  Westring 
of  Stockholm.  He  examined  150  species,  among  which  he  found  several  which  might 
be  rendered  useful.  He  recommends  that  the  coloring  matter  should  be  extracted  in 
the  places  where  they  grow,  which  would  save  a  vast  expense  in  curing,  package,  car- 
riage, and  waste.  He  styles  the  coloring  substance  itself  cutbear,  persio,  or  turnsole; 
and  distributes  the  lichens  as  follows  : — 1st.  Those  which,  left  to  themselves,  exposed  to 
moderate  heat  and  moisture,  may  be  fixed  without  a  mordant  upon  wool  or  silk ;  such 
are  the  L.  cinereus,  cematonta,  ventosus,  corallinus,  westringii,  saxatilis,  conspassus,  bar- 
baius,  plicaius,  vulpinus,  &c. 

2.  Those  which  develop  a  coloring  matter,  fixable  likewise  without  mordant,  but  which 
require  boiling  and  a  complicated  preparation  ;  such  are  the  lichens  subcarneus,  dillenii, 
farinaceus,  jitbatus,  furfuraceus,  puJmonareus,  cornigatus,  cocciferus,  digilatus,  ancia- 
lis,  aduncus,  &c.  Saltpetre  or  sea-salt  is  requisite  to  improve  the  lustre  and  fastness 
of  the  dye  given  by  this  group  to  silk. 

3.  Those  which  require  a  peculiar  process  to  develop  their  color ;  such  as  those 
which  become  purple  through  the  agency  of  stale  urine  or  ammonia,  Westring  em- 
ployed the  following  mode  of  testing : — He  put  three  or  four  drachms  of  the  dried 
and  powdered  lichen  into  a  flask;  moistened  it  with  three  or  four  measures  of  cold 
spring  water;  put  the  stuff'  to  be  dyed  into  the  mixture,  and  left  the  flask  in  a  cool 
place.  Sometimes  he  added  a  little  salt,  saltpetre,  quicklime,  or  sulphate  of  copper.  If 
no  color  appeared,  he  then  moistened  the  lichen  with  water  containing  one  twentieth 
of  sal  ammoniac,  and  one  tenth  of  quicklime,  and  set  the  mixture  aside  in  a  cool  place 
from  eight  to  fourteen  days.  There  appeared  in  most  cases  a  reddish  or  violet  colored 
tint.  Thus  the  lichen  cinereus  dyed  silk  a  deep  carmelite,  and  wool  a  light  carmelite ; 
the  l.physodes  gave  a  yellowish-gray;  the  piisiidatus,  a  rose  red;  sanguinarius,  gray; 
tarfareus,  found  on  the  rocks  of  Norway,  Scotland,  and  England,  dyes  a  crimson-red. 
In  Jutland,  cutbear  is  made  from  it,  by  grinding  the  dry  lichen,  sifting  it,  then  setting 
it  to  ferment  in  a  close  vessel  with  ammonia.  The  lichen  must  be  of  the  third  year's 
growth  to  yield  an  abundant  dye ;  and  that  which  grows  near  the  sea  is  the  best.  It 
loses  half  its  weight  by  drying.  A  single  person  may  gather  from  twenty  to  thirty 
pounds  a  day  in  situations  whei'e  it  abounds.  No  less  than  2,239,685  pounds  were 
manufactured  at  Christiansand,  Flekkefiort,  and  Fakrsund,  in  Norway,  in  the  course  of 
the  six  years  prior  to  1812.  Since  more  solid  dyes  of  the  same  shade  have  been 
invented,  the  archil  has  gone  much  into  disuse.  Federigo,  of  Florence,  who  revived 
its  use  at  the  beginning  of  the  fourteenth  century,  made  such  an  immense  fortune  by  its 
preparation,  that  his  family  became  one  of  the  grandees  of  that  city,  under  the  name  of 
Oricellarii,  or  Rucellarii.  For  more  than  a  century  Italy  possessed  the  exclusive  art  of 
making  archil,  obtaining  the  lichens  from  the  islands  of  the  Mediterranean.  According 
to  an  official  report  of  1831,  Teneriffe  furnished  annually  500  quintals  (cwts.)  of  lichen ; 
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the  Canary  Isles,  400  ;  Fuerta  Santura,  300  ;  Lancerot,  300  ;  Gomera,  300 ;  isle  of  Fer- 
ro,  800.  This  business  belonged  to  the  crown,  and  brought  it  a  revenue  of  1500  piastres. 
The  farmers  paid  from  15  to  20  reals  for  the  right  to  gather  each  quintal.  At  that  time 
the  quintal  fetched  in  the  London  market  41.  sterling. 

Archil  is  perhaps  too  much  used  in  some  cloth  factories  of  England,  to  the  discredit  of 
our  dyes.  It  is  said,  that  by  its  aid  one  third  of  the  indigo  may  be  saved  in  the  blue  vat ; 
but  the  color  is  so  much  the  more  perishable.  The  fine  soft  tint  induced  upon  much  of 
the  black  cloth  by  means  of  archil  is  also  deceptive.  One  half-pound  of  cutbear  will 
dye  one  pound  of  woollen  cloth.  A  crimson  red  is  obtained  by  adding  to  the  de- 
coction of  archil  a  little  salt  of  tin  (muriate),  and  passing  the  cloth  through  the  bath, 
after  it  has  been  prepared  by  a  mordant  of  tin  and  tartar.  It  must  be  afterwards  passed 
through  hot  water. 

ARDENT  SPIRIT.     Alcohol  of  moderate  strength, 

AREOxMETER  OF  BAUME'.    This  scale  is  much  used  by  the  French  authors. 
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ARGILLACEOUS  EARTH.  The  earth  of  clay,  called  in  chemistry  alumina,  because 
it  is  obtained  in  greatest  purity  from  alum. 

ARGOL.     Crude  tartar  ;  which  see. 

ARMS.     \\'eapons  of  war.     See  Fire-Arms  for  an  account  of  this  manufacture, 

ARRACK.  A  kind  of  intoxicating  beverage  made  in  India,  by  distilling  the  ferment- 
ed juice  of  the  cocna-niit,  the  palmyra  tree,  and  rice  in  the  husk. 

ARROW  ROOT.  The  root  of  the  maranta  arwndinacea,  a  plant  which  grows  in  the 
West  Indies,  furnishes,  by  pounding  in  mortars  and  elutriation  through  sieves,  a  peculiar 
species  of  starch,  commonly,  but  improperly  called  arrow  root.  It  is  reckoned  more 
nourishins  than  the  starch  of  wheat  or  potatoes,  and  is  generally  also  freer  from  peculiar 
taste  or  flavor.  The  fresh  root  consists,  according  to  Benzon,  of  0-07  of  volalile  oil: 
26  of  starch  (23  of  which  are  obtained  in  the  form  of  poAvder,  while  the  other  3  must 
be  extracted  from  the  parenchyma  in  a  paste  by  boiling  water) ;  1-58  of  vegetable  albu- 
men ;  0-6  of  a  gummy  extract ;  0-25  of  chloride  of  calcium  ;  6  of  insoluble  fibrine  ;  and 
65*6  of  water.   . 

The  import  duty  upon  arrow  root  from  our  own  colonies  is  Is.  per  cwt. ;  from  foreign 
parts  2(i.  per  lib.  In  1835,  987,966  lbs.  were  imported,  of  which  only  6267  were  export- 
ed ;  leaving  895,406  for  home  consumption.  The  total  revenue  derived  that  year  from 
arrow  root,  was  518/.     See  Starch, 

ARSENIC.  This  metal  occurs  native  in  the  state  of  oxyde,  and  also  combined  with 
sulphur  under  the  improper  name  of  yellow  and  red  arsenic,  or  orpiment  and  realgar. 
Arsenic  is  associated  with  a  great  many  metallic  ores;  but  it  is  chiefly  extracted  from 
those  of  cobalt,  by  roasting,  in  which  case  the  white  oxyde  of  arsenic,  or,  more  correctly, 
the  arsenious  acid  is  obtained.     This  acid  is  introduced  occasionally  in  small  quantities 
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into  the  materials  of  flint  glass,  either  before  their  fusion,  or  in  the  melting  pot.  It  serves 
to  peroxydize  the  iron  oxyde  in  the  sand,  and  thereby  to  purify  the  body  of  the  glass  ; 
but  an  excess  of  it  makes  the  glass  milky. 

Scheele's  green  is  a  combination  of  this  arsenious  acid  with  oxyde  of  copper,  or  an 
arsenite  of  copper,  and  is  described  under  this  metal. 

Jrseniate  of  potash  is  prepared,  in  the  small  way,  by  exposing  to  a  moderate  heat  in  a 
crucible,  a  mixture  of  equal  parts  of  white  arsenic  and  nitre  in  powder.  After  fusion, 
the  crucible  is  to  be  cooled ;  the  contents  being  dissolved  in  hot  water,  and  the  solution 
filtered,  will  aflbrd  regular  crystals  on  cooling.  According  to  M.  Berzelius,  they  are 
composed  of  arsenic  acid,  63*87 ;  potash,  26-16 ;  and  water,  9-97.  It  is  an  acidulous 
salt,  and  is  hence  usually  called  the  binarseniate,  to  denote  that  its  composition  is  2 
atoms  of  arsenic  acid,  and  1  of  potash.  This  article  is  prepared  upon  the  great  scale,  in 
Saxony,  by  melting  nitre  and  arsenious  acid  together  in  a  cylinder  of  cast-iron.  A 
neutral  arseniate  also  is  readily  formed,  by  saturating  the  excess  of  acid  in  the  above  salt 
with  potash;  it  does  not  crystallize.  The  acid  arseniate  is  occasionally  used  in  calico 
printing,  for  preventing  certain  points  of  the  cotton  cloth  from  taking  on  the  mordant; 
with  which  view  it  is  mixed  up  with  gum  water  and  pipe-clay  into  a  paste,  which  is  ap- 
plied to  such  places  with  a  block. 

The  extraction  of  arsenic  from  the  cobalt  ores,  is  performed  at  Altenberg  and  Reichett- 
stein,  in  Silesia,  with  an  apparatus,  excellently  contrived  to  protect  the  health  of  the 
smelters  from  the  vapors  of  this  most  noxious  metallic  sublimate. 

Figs.  20  to  23  represent  the  arsenical  furnaces  at  Altenberg.  Fig.  20  is  a  vertical 
section  of  the  poison  tower;  fig.  21,  a  longitudinal  section  of  the  subliming  furnace  A, 
with  the  adjoining  vault  b,  and  the  poison  tower  in  part  at  n ;  fig.  22,  the  transverse 
section  of  the  furnace  a,  of  fig.  21  ;  fig.  23,  ground  plan  of  the  furnace  a,  whera  the 
left  half  shows  the  part  above,  and  the  right  the  part  below  the  muffle  or  oblong 
retort;  b'  is  the  upper  view,  b"  the  ground  plan  of  the  vault  b,  of  fig.  21 ;  m,  n,  the 
base  of  the  poison  tower.  In  the  several  figures  the  same  letters  denote  the  same  objects ; 


a  is  the  muffle ;  b  is  its  mouth  for  turning  over  the  arsenical  schlich,  or  ground  ore  -, 
c  c  c,  fire  draughts  or  flues ;  d,  an  aperture  for  charging  the  muffle  with  fresh  schlich ; 
e,  the  smoke  chimney  ;  /,  two  channels  or  flues  for  the  ascent  of  the  arsenious  fumes, 
which  proceed  to  other  two  flues  g,  and  then  terminate  both  in  h,  which  conducts  the 
fumes  into  the  vault  b.  They  issue  by  the  door  i,  into  the  conduit  fc,  thence  by  I  into  the 
spaces  m,  n,  o,  p,  q,  r,  of  the  tower.     The  incondensable  gases  escape  by  the  chimney,  s. 
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The  cover  t,  is  removed  after  completion  of  the  process,  in  order  to  push  down  the  pre- 
cipitate into  the  lower  compartments. 

The  arsenious  schlichs,  to  the  amount  of  9  or  10  cwt.  for  one  operation  (1  roast-post, 
or  roasting  round),  are  spread  2  or  3  inches  thick  upon  the  bottom  of  the  muffle,  heated 
with  a  brisk  fire  to  redness,  then  with  a  gentler  heat,  in  order  to  oxydize  completely, 
before  subliming,  the  arsenical  ore.  With  this  view  the  air  must  have  free  entrance,  and 
the  front  aperture  of  the  muffle  must  be  left  quite  open.  After  11  or  12  hours,  the  cal- 
cined materials  are  raked  out  by  the  mouth  of  the  muffle,  and  fresh  ones  are  introduced 
by  the  openings  indicated  above,  which  are  closed  during  the  sublimation. 

The  arsenious  acid  found  in  these  passages  is  not  marketable  till  it  be  re-sublimed  in 
laro'e  iron  pots,  surmounted  with  a  series  of  sheet  iron  drums  or  cast-iron  cylinders,  upon 
the  sides  of  which  the  arsenic  is  condensed  in  its  compact  glassy  form.  The  top  cylinder 
Ls  furnished  with  a  pipe,  which  terminates  in  a  condensing  chamber. 

Figs.  24,  25,  represent  the  arsenic  refining  furnaces  at  Reichenstein.     Fig.  24  shows 

at  A,  a  vertical  section  of  the  furnace, 
the  kettle,  and  the  surmounting  drums 
or  cylinders  ;  over  b  it  is  seen  in  eleva- 
tion ;  fig.  25  is  a  ground  plan  of  the 
four  fireplaces,  a  is  the  grate ;  b,  the 
ash-pit ;  c,  the  openings  for  firing  ;  d, 
the  fire-place ;  c,  iron  pots  or  kettles 
which  are  charged  with  the  arsenious 
powder;  /,  the  fire-flues  proceeding  to 
the  common  chimney  g ;  h,  iron  cy- 
linders ;  i,  caps ;  k,  pipes  leading  to 
the  poison  vent  / ;  m,  openings  in  the 
pipes  for  introducing  the  probing 
wires. 

The  conduct  of  the  process  is  as 
follows  : — The  pot  is  filled  nearly  to 
its  brim  with  Sj  cwt.  of  the  arsenic 
meal,  the  cylinders  are  fitted  on  by 
means  of  their  handles,  and  luted  to- 
gether Avith  a  mixture  of  loam,  blood, 
and  hair ;  then  is  applied  first  a  gentle, 
and  after  half  an  hour,  a  strong  fire, 
whereby  the  arsenic  is  raised  partly 
in  the  form  of  a  white  dust,  and  partly 
in  crystals ;  which,  by  the  continuance 
of  the  heat,  fuse  together  into  a  homo- 
geneous mass.  If  the  fire  be  too  fee- 
ble, only  a  sublimate  is  obtained ;  but, 
if  too  violent,  nmch  of  the  arsenic  is 
volatilized  into  the  pipes.  The  work- 
men judge  by  the  heat  of  the  cylin- 
ders whether  the  operation  be  going 
on  well  or  not.  After  12  hours  the 
furnace  is  allowed  to  cool,  provided 
the  probe  wires  show  that  the  subli- 
mation is  over.  The  cylinders  are 
then  lifted  off,  and  the  arsenious  glass 
is  detached  from  their  inner  surface. 
According  to  the  quality  of  the  poison 
flour,  it  yields  from  |  to  |  of  its  weight 
of  the  glass  or  enamel.  Should  nny  dark  particles  of  metallic  arsenic  be  intermixed  with 
the  glass,  a  fresh  sublimation  must  be  had  recourse  to. 

The  following  is  the  product  in  cwts.  of  arsenious  acid,  at  Altenberg  and  Reichenstein, 
in  Silesia,  in  the  years 


1825. 

1826. 

1&27. 

1628. 

1829. 

1830. 

1831. 

1832. 

White  arsenic  in  a  glassy 
state - 

Sublimed  arsenic  in  pow- 
der   -        -        -         - 

Yellow  arsenical  glass  - 

Red  arsenical  glass 

2632 

112 
3 

1703 

27 
11 

- 

2686 

33 
56 

1900 
31 

2070 

30 
86 
28 

2961 

44 
313 

3337 

69 

fiO 

2730 

38  i 
219  ' 
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ARTESIAN  WELLS.  Under  this  name  is  desi?;nated  a  cylindrical  perforation,, 
bored  vertically  down  through  one  or  more  of  the  geological  strata  of  the  earth,  till  it 
passes  into  a  porous  gravel  bed  containing  water,  placed  under  such  incumbent  pressure 
as  to  make  it  mount  up  through  the  perforation,  either  to  the  surface  or  to  a  height  con 
venient  for  the  operation  of  a  pump.  In  the  first  case,  these  wells  are  called  spouting 
or  overflowing.  This  property  is  not  directly  proportional  to  the  depth,  as  might  at  first 
sight  be  supposed,  but  to  the  subjacent  pressure  upon  the  water.  We  do  not  know  ex- 
actly the  period  at  which  the  borer  or  sound  was  applied  to  the  investigation  of  subter- 
ranean fountains,  but  we  believe  the  first  overflowing  wells  were  made  in  the  ancient 
French  province  of  Artois,  whence  the  name  of  Artesian.  These  wells,  of  such  impor- 
tance to  agriculture  and  manufactures,  and  which  cost  nothing  to  keep  them  in  condition, 
have  been  in  use,  undoubtedly,  for  several  centuries  in  the  northern  departments  of  France, 
and  the  north  of  Italy ;  but  it  is  not  more  than  50  or  60  years  since  they  became  known 
in  England  and  Germany.  There  are  now  a  great  many  such  wells  in  London  and  its 
neighborhood,  perforated  through  the  immensely  thick  bed  of  the  London  clay,  and  even 
through  some  portions  of  the  subjacent  chalk.  The  boring  of  such  wells  has  given  much 
insight  into  the  geological  structure  of  many  districts. 

The  formation  of  Artesian  wells  depends  on  two  thinss,  essentially  distinct  from  each 
other:  1.  On  an  acquaintance  with  the  physical  constitution,  or  nature,  of  the  mineral 
structure  of  each  particular  country  ;  and,  2.  On  the  skilful  direction  of  the  processes 
by  which  we  can  reach  the  water  level,  and  of  those  by  which  we  can  promote  its  ascent 
in  the  tube.  We  shall  first  treat  of  the  best  method  of  making  the  well,  and  then  oflfei 
some  general  remarks  on  the  other  subjects. 

The  operations  employed  for  penetrating  the  soil  are  entirely  similar  to  those  daily 
practised  by  the  miner,  in  boring  to  find  metallic  veins ;  but  the  well  excavator  must  re- 
sort to  peculiar  expedients  to  prevent  the  purer  water,  which  comes  from  deep  strata, 
mingling  with  the  cruder  waters  of  the  alluvial  beds  near  the  surface  of  the  ground,  as 
also  to  prevent  the  small  perforation  getting  eventually  filled  with  rubbish. 

The  cause  of  overflowing  wells  has  been  ascribed  to  a  variety  of  circumstances.  But, 
as  it  is  now  generally  admitted  that  the  numerous  springs  which  issue  from  the  ground 
proceed  from  the  infiltration  of  the  waters  progressively  condensed  in  rain,  dew,  snow, 
&c.  upon  the  sm-face  of  our  globe,  the  theory  of  these  interior  streamlets  becomes  by  no 
means  intricate;  being  analogous  to  that  of  syphons  and  water  jets,  as  expounded  in  the 
treatises  on  physics.  The  waters  are  diff"used,  after  condensation,  upon  the  surface  of  the 
soil,  and  percolate  downwards,  through  the  various  pores  and  fissures  of  the  geological 
strata,  to  be  again  united  subterraneously  in  veins,  rUls,  streamlets,  or  expanded  films, 
of  greater  or  less  magnitude,  or  regularity.  The  beds  traversed  by  numerous  disjunctions 
wiU  give  occasion  to  numerous  interior  currents  in  aU  directions,  which  cannot  be  re- 
covered, and  brought  to  the  day ;  but  when  the  ground  is  composed  of  strata  of  sand,  or 
gravel  very  permeable  to  water,  separated  by  other  strata  nearly  impervious  to  it,  reser- 
voirs are  fbrmed  to  our  hand,  from  which  an  abundant  supply  of  water  may  be  spontane- 
ously raised.  In  this  case,  as  soon  as  the  upper  stratum  is  perlorated,  the  waters  may 
rise,  in  consequence  of  the  hydrostatic  pressure  upon  the  lower  strata,  and  even  overflow 
the  surface  in  a  constant  stream,  provided  the  level  from  which  they  proceed  be  propor- 
tionally higher. 

The  sheets  of  water  occur  principally  at  the  separation  of  two  contiguous  formations ; 
and,  if  the  succession  of  the  geological  strata  be  considered,  this  distribution  of  the  water 
wiU  be  seen  to  be  its  necessary  consequence.  In  fact,  the  lower  beds  are  frequently 
composed  of  compact  sandstone  or  limestone,  and  the  upper  beds  of  clay.  In  level 
countries,  the  formations  being  almost  always  in  horizontal  beds,  the  waters  which  feed 
the  Artesian  wells  must  come  from  districts  somewhat  remote,  where  the  strata  are  more 
elevated,  as  towards  the  secondary  and  transition  rocks.  The  copious  streams  condensed 
upon  the  sides  of  these  colder  lands  may  be  therefore  regarded  as  the  proper  reservoirs  of 
our  wells. 

Fig.  26  represents  the  manner  in  which  the  condensed  water  of  the  heavens  dis- 
tributes  itself  under  the 
26  surface     of     our    globe. 

Here  we  have  a  geolo- 
gical section,  showing 
the  succession  of  the 
several  formations,  and 
the  sheets  or  laminne  of 
water  that  exist  at  their 
boundaries,  as  well  as  in 
their  sandy  beds.  The 
figure  shows  also  very 
plainly    that    the    height 
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to  which  the  water  reascends  in  the  bore  of  a  well  depends  upon  the  height  of  the  re- 
servoir  which  supplies  the  sheet  of  water  to  which  the  well  is  perforated.  Thus  the 
well  A,  having  gone  down  to  the  aqueous  expanse  a  a,  whose  waters  of  supply  are  de- 
rived from  tlie  percolation  m,  will  aflbrd  rising  waters,  which  will  come  to  the  surface; 
while  in  the  well  b,  supplied  by  the  sheet  p,  the  waters  will  spout  above  Ihe  surface, 
and  in  the  well  c  they  will  remain  short  pf  it.  The  same  figure  shows  that  these  wells 
often  traverse  sheets  of  water,  which  rise  to  different  heights.  Thus,  in  the  well  c  there 
are  five  columns  of  ascending  waters,  which  rise  to  heights  proportional  to  the  points 
whence  they  take  their  orig-in.  Several  of  these  will  be  spouting  or  overflowing,  but 
some  will  remain  beneath  the  surface. 

The  situation  of  the  intended  well  being  determined  upon,  a  circular  hole  is  generally 
dug  in  the  around,  about  6  or  8  feet  deep,  and  5  or  6  feet  wide.  In  the  centre  of  this 
hole  the  boring  is  carried  on  by  two  workmen  below,  assisted  by  a  laborer  above,  as 
shown  in  fig.  27. 

The  handle  (fig.  28)  having  a  female  screw  in  the  bottom  of  its  iron  shank,  with  a 
wooden  bar  or  rail  passing  through  the  socket  of  the  shank,  and  a  ring  at  top,  is  the 
general   agent  to   which  all  the  boring  implements   are   to   be   attached.      A   chisel 
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(fig.  29)  is  first  employed,  and  connected 
to  this  handle  by  its  screw  at  top.  If  the 
ground  is  tolerably  soft,  the  weight  of  the 
two  workmen  bearing  upon  the  cross  bar,  and 
occasionally  forcing  it  round,  will  soon  cause 
the  chisel  to  penetrate  ;  but  if  the  srround  is 
hard  or  strong,  the  workmen  strike  the  chisel 
— ]  down  with  repeated  blows,  so  as  to  peck  their 
way,  often  changing  their  situation  by  walk- 
ing round,  which  breaks  the  stones,  or  other 
hard  substances,  that  may  happen  to  obstruct 
its  progress. 

The  labor  is  very  considerably  reduced 
by  means  of  an  elastic  wooden  pole,  placed 
horizontally  over  the  well,  from  which  a  chain  is  brought  down,  and  attached  to  the  ring 
of  the  handle.  This  pole  is  usually  made  fast  at  one  end,  as  a  fulcrum,  by  being  set 
into  a  heap  of  heavy  loose  stones;  at  the  other  end  the  laborer  above  gives  it  a  slight  up 
and  down  vibrating  motion,  corresponding  to  the  beating  motion  of  the  workmen  below, 
by  which  means  the  elasticity  of  the  pole  in  rising  lifts  the  handle  and  pecker,  and  there- 
by very  considerably  diminishes  the  labor  of  the  workmen.     See  fig.  27. 

When  the  hole  has  been  thus  opened  by  a  chisel,  as  far  as  its  strength  would  permit, 
the  chisel  is  withdrawn,  and  a  sort  of  cylindrical  auger  (fig.  30)  attached  to  the  handle 
{fig.  28),  for  the  purpose  of  drawing  up  the  dirt  or  broken  stones  which  have  been  dis- 
turbed by  the  chisel.  A  section  of  this  auger  is  shown  in,^g.  31,  by  which  the  internal 
valve  will  be  seen.  Tiie  auger  being  introduced  into  the  hole,  and  turned  round  by  the 
workman,  the  dirt  or  broken  stones  will  pass  through  the  aperture  at  bottom  (shown  »t 
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fig.  32),  and  fill  the  cylinder,  which  is  then  drawn  up,  and  discharged  at  the  top  of  the 
auger,  the  valve  preventing  its  escape  at  bottom. 

In  order  to  penetrate  deeper  into  the  ground,  an  iron  rod,  as  a, ^tg.  33,  is  now  to 
be  attached  to  the  chisel,  fig.  29,  by  screwing  on  to  its  upper  end,  and  the  rod  is  also 
fastened  to  the  handle,  fig.  28,  by  screwing  into  its  socket.  The  chisel  having  thus 
become  lengthened  by  the  addition  of  the  rod,  it  is  again  mtroduced  into  the  hole; 
and  the  operation  of  pecking  or  forcing  it  down,  is  carried  on  by  the  workmen  as  be- 
fore. When  the  ground  has  been  thus  perforated,  as  far  as  the  chisel  and  its  rod  will 
reach,  they  must  be  withdrawn,  in  order  again  to  introduce  the  auger,  fig.  30,  to  col- 
lect and  bring  up  the  rubbish  ;  which  is  done  by  attaching  it  to  the  iron  rod,  in  place 
of  the  chisel.  Thus,  as  the  hole  becomes  deepened,  other  lengths  of  iron  rods  are  added, 
by  connecting  them  together,  as  a  6  are  in  fig.  34.  The  necessity  of  frequently  with- 
drawing the  rods  from  the  holes,  in  order  to  collect  the  mud,  stones,  or  rubbish,  and 
the  great  friction  produced  by  the  rubbing  of  the  tools  against  its  sides,  as  well  as  the 
lengths  of  rods  augmenting  in  the  progress  of  the  operation,  sometimes  to  the  extent  of 
several  hundred  feet,  render  it  extremely  inconvenient,  if  not  impossible,  to  raise  them 
by  hand.  A  tripedal  standard  is  therefore  generally  constructed  by  three  scaffolding 
poles  tied  together,  over  the  hole,  as  shown  fig.  27,  from  the  centre  of  which  a  wheel 
and  axle,  or  a  pair  of  pully  blocks  is  suspended,  for  the  purpose  of  hauling  up  the  rods, 
and  from  which  hangs  the  fork,_/ig.  35.  This  fork  is  to  be  brought  down  under  the  shoul- 
der, near  the  top  of  each  rod,  and  made  fast  to  it  by  passing  a  pin  through  two  little 
holes  in  the  claws.  The  rods  are  thus  drawn  up,  about  seven  feet  at  a  lime,  which  i? 
the  usual  distance  between  each  joint,  and  at  every  haul  a  fovk,  fig.  36,  is  laid  hori- 
zontally over  the  hole,  with  the  shoulders  of  the  lower  rod  resting  between  its  claws,  by 
which  means  the  rods  are  prevented  from  sinl<ini!:  down  into  the  hole  again,  while  the 
upper  length  is  unscrewed  and  removed.  In  attaching  and  detaching  these  lengths  of 
rod,  a  wrench,  yig.  37,  is  employed,  by  which  they  are  turned  round,  and  the  screws  for- 
ced up  to  their  firm  bearing. 

The  boring  is  sometimes  performed  for  the  first  sixty  or  a  hundred  feet,  by  a  chisel 
of  2^  inches  wide,  and  cleared  out  by  a  gouge  of  2|  diameter,  and  then  the  hole  is 
widened  by  a  tool,  such  as  is  shown  at/tg.  38.  This  is  merely  a  chisel,  as  fig.  29,  four 
inches  wide,  but  with  a  guide,  a,  put  on  at  its  lower  part,  for  the  purpose  of  keeping 
it  in  a  perpendicular  direction ;  the  lower  part  is  not  intended  to  peck,  put  to  pass 
down  the  hole  previously  made,  while  the  sides  of  the  chisel  operate  in  enlarging  the 
hole  to  four  inches.  The  process,  however,  is  generally  performed  at  one  operation,  by 
a  chisel  of  four  inches  wide,  as  fig.  29,  and  a  gouge  of  three  inches  and  three  quarters, 
&sfig.  30. 

ic  is  obvious  that  placing  and  displacing  the  lengths  of  rod,  which  is  done  every  time 
that  the  auger  is  required  to  be  introduced  or  withdrawn,  must,  of  itself,  be  extremely 
troublesome,  independent  of  the  labor  of  boring,  but  yet  the  operation  proceeds,  when 
no  unpropitious  circumstances  attend  it,  with  a  facility  almost  incredible.  Sometimes, 
however,  rocks  intercept  the  way,  which  require  great  labor  to  penetrate  ;  but  this  is 
always  effected  by  pecking,  which  slowly  pulverizes  the  stone.  The  most  unpleasant 
circumstance  attendant  upon  this  business  is  the  occasional  breaking  of  a  rod  into  the 
hole,  which  sometimes  creates  a  delay  of  many  days,  and  an  incalculable  labor  in  draw- 
ing up  the  lower  portion. 

When  the  water  is  obtained  in  such  quantities  and  of  such  quality  as  may  be  required, 
the  hole  is  dressed  or  finished  by  passing  down  it  a  diamond  chisel,  funnel  mouthed, 
with  a  triangular  bit  in  its  centre ;  this  makes  the  sides  smooth  previous  to  putting  in 
the  pipe.  This  chisel  is  attached  to  rods,  and  to  the  handle,  as  before  described ;  and, 
in  its  descent,  the  workmen  continually  walk  round,  by  which  the  hole  is  made  smooth 
and  cylindrical.  In  the  progress  of  the  boring,  frequent  veins  of  water  are  passed 
through  ;  but,  as  these  are  small  streams,  and  perhaps  impregnated  with  mineral  sub- 
stances, the  operation  is  carried  on  until  an  aperture  is  made  into  a  main  spring,  which 
will  flow  up  to  the  surface  of  the  earth.  This  must,  of  course,  depend  upon  the  level  of 
its  source,  which,  if  in  a  neighboring  hill,  will  frequently  cause  the  water  to  rise  up, 
and  produce  a  continued  fountain.  But  if  the  altitude  of  the  distant  spring  happens  to 
be  below  the  level  of  the  surface  of  the  ground  where  the  boring  is  effected,  it  sometimes 
happens  that  a  well  of  considerable  capacity  is  obliged  to  be  dug  down  to  that  level,  in 
order  to  form  a  reservoir,  into  which  the  water  may  flow,  and  whence  it  must  be  raised 
by  a  pump ;  while,  in  the  former  instance,  a  perpetual  fountain  may  be  obtained. 
Hence,  it  will  always  be  a  matter  of  doubt,  in  level  countries,  whether  water  can  be 
procured  which  would  flow  near  to  or  over  the  surface ;  if  this  cannot  be  effected,  the 
process  of  boring  will  be  of  little  or  no  advantage,  except  as  an  experiment  to  ascertain 
the  fact. 

In  order  to  keep  the  strata  pure  and  uncontaminated  with  mineral  springs,  the  hole 
is  cased,  for  a  considerable  depth,  with  a  metallic  pipe,  about  a  quarter  of  an  inch 
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smaller  than  the  bore.  This  is  generally  made  of  tin  (though  sometimes  of  copper  or 
lead)  in  convenient  lengths ;  and,  as  each  length  is  let  down,  it  is  held  by  a  shonldar 
resting  in  a  fork,  while  another  length  is  soldered  to  it ;  by  which  means  a  continuous 
pipe  is  carried  through  the  bore,  as  far  as  may  be  found  necessary,  to  exclude  land  springs, 
and  to  prevent  loose  earth  or  sand  from  falling  in,  and  choking  the  aperture. 

Mr.  John  Good,  of  Tottenham,  who  had  been  extensively  employed  in  boring  the 
earth  for  water,  obtained  a  patent,  in  Aug.  1823,  for  certain  improved  implements  con- 
trived by  him  to  facilitate  his  useful  labors  ;  a  description  of  which  cannot  fail  to  be  in- 
teresting. 

The  figures  annexed  exhibit  these  ingenious  tools ;  fig.  39  is  an  auger,  to  be  connected 
42  41  40  39  by  the  screw-head  to  the  length  of  rods  by  which  the  boring  is  car- 
ried on.  This  auger  is  for  boring  in  soft  clay  or  sand ;  it  is  cylin- 
drical, and  has  a  slit  or  opening  from  end  to  end,  and  a  bit,  or 
cutting-piece  at  bottom.  When  the  earth  is  loose  or  wet,  an  auger 
of  the  same  form  is  to  be  employed,  but  the  slit  or  opening  reduced 
in  width,  or  even  without  a  slit  or  opening.  A  similar  auger  is 
used  for  cutting  through  chalk ;  but  the  point  or  bit  at  bottom 
should  then  project  lower,  and,  for  that  purpose,  some  of  these 
cylindrical  augers  are  made  with  moveable  bits,  to  be  attached  by 
screws,  which  is  extremely  desirable  in  grinding  them  to  cutting 
edges.  Fig.  40  is  a  hoDow  conical  auger,  for  boring  loose  sandy 
soils ;  it  has  a  spiral  cutting  edge  coiled  round  it,  which,  as  it 
turns,  causes  the  loose  soil  to  ascend  up  the  inclined  plane,  and 
LJ  MM  ip  I  deposite  itself  in  the  hollow  within.  Fig.  41  is  a  hollow  cylinder 
l^  ml  <l  I  I  or  tube,  shown  in  section,  with  a  foot-valve,  and  a  bucket  to  be 
raised  by  a  rod  and  cord  attached  at  the  top ;  this  is  a  pumping 
tool,  for  the  purpose  of  getting  up  water  and  sand  that  would  not 
rise  by  the  auger.  When  this  cylinder  is  lowered  to  the  bottom  of  the  bore,  the  bucket 
is  lifted  up  by  the  rod  and  cord,  and  descends  again  by  its  own  gravity,  having  a  valve 
in  the  bucket,  opening  upwards,  lUve  other  lift  pumps ;  which,  at  every  stroke,  raises  a 
quantity  of  water  and  sand  in  the  cylinder  equal  to  the  stroke  ;  the  ascent  and  descent  ol 
the  bucket  being  limited  by  a  guide-piece  at  the  top  of  the  cylinder,  and  two  small  knobs 
upon  the  rod  which  stop  against  the  cross-guide.  Fig.  42  is  a  tool  for  getting  up  broken 
rods.  It  consists  of  a  small  cylindrical  piece  at  bottom,  which  the  broken  rod  slips  through 
when  it  is  lowered,  and  a  small  catch  with  a  knife-edge,  acted  upon  by  a  back-spring. 
In  rising,  the  tool  takes  hold  of  the  broken  rod,  and  thereby  enables  the  workman  at 
top  to  draw  it  up.  Another  tool  for  the  same  purpose,  is  shown  at  fig.  43,  which  is  like 
a  pair  of  tongs ;  it  is  intended  to  be  slidden  down  the  bore,  and  for  the  broken  rod  to  pass 
between  the  two  catches,  which,  pressed  by  back-springs,  will,  when  drawn  up,  take  fast 
hold  of  the  broken  rod. 

Fig,  44  is  a  tool  for  widening  the  hole,  to  be  connected,  like  all  the  others,  to  the  end 

of  the  length  of  rods  passed 
down  the  bore ;  this  tool  has 
two  cutting-pieces  extending  on 
the  sides  at  bottom,  by  which, 
as  the  tool  is  turned  round  in 
the  bore,  the  earth  is  peeled 
away.  Fig.  45  is  a  chisel,  or 
punch,  with  a  projecting  piece 
to  be  used  for  penetrating 
through  stone ;  tliis  chisel  is, 
by  rising  and  falling,  made  to 
peck  the  stone,  and  pulverize 
it ;  the  small  middle  part  break- 
ing it  away  first,  and  afterwards 
the  broad  part  coming  into  ac- 
tion. -Fig.  46  is  another  chisel, 
or  punching  tool,  twisted  on  its 
cutting  edge,  which  breaks  away 
a  greater  poiticn  cf  the  stone  as  it  beats  against  it. 

The  manner  of  forcing  down  lengths  of  cast-iron  pipe,  after  the  bore  is  formed,  is 
shown  at  fig.  47  ;  the  pipe  is  seen  below  in  the  socket,  at  the  end  of  which  a  block  is 
inserted;  and  from  this  block  a  rod  extends  upwards,  upon  which  a  weight  at  top 
slides.  To  this  weight  cords  are  shown  to  be  attached,  reaching  to  the  top  of  the  bore : 
where  the  M'orkmen^^alternately  raise  the  weight  and  let  it  fall,  which,  by  striking  upon 
the  block  in  its  middle,  beats  down  the  pipe  by  a  succession  of  strokes  ;  and  when  one 
length  of  pipe  has,  by  these  means,  been  forced  down,  another  length  is  introduced  into 
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the  socket  of  the  former.  Another  tool  for  the  same  purpose  is  shown  a.tjig.  48,  which 
is  formed  like  an  acorn ;  the  raised  part  of  the  acorn  strikes  against  the  edge  of  the 
pipe,  and  by  thai  means,  it  is  forced  down  the  bore.  When  it  happens  that  an  auger 
breaks  in  the  hole,  a  tool  similar  to  that  shown  at  fig.  49  is  introduced ;  on  one  side  of 
this  tool  a  curved  piece  is  attached,  for  the  purpose  of  a  guide,  to  conduct  it  past  the 
cylindrical  auger ;  and  at  the  end  of  the  other  side  is  a  hook,  which,  taking  hold  of  the 
bottom  edge  of  the  auger,  enable-s  it  to  be  drawn  up. 

Wrought  iron,  copper,  tin,  and  lead  pipes,  are  occasionally  used  for  lining  the  bore ; 
and  as  these  are  subject  to  bends  and  bruises,  it  is  necessary  to  introduce  tools  for  the 
purpose  of  straightening  their  sides.  One  of  these  tools  is  shown  at  fig.  50,  which  is  a 
bow,  and  is  to  be  passed  down  the  inside  of  the  pipe,  in  order  to  press  out  any  dents. 
Another  tool,  for  the  same  purpose,  is  shown  at  fig.  51,  which  is  a  double  bow,  and 
may  be  turned  round  in  the  pipe  for  the  purpose  of  straightening  it  all  the  way  down  ; 
at  fig.  52,  is  a  pair  of  clams,  for  turning  the  pipe  round  in  the  hole  while  driving. 

When  loose  stones  lie  at  the  bottom  of  the  hole,  which  are  too  large  to  be  brought  up 
by  the  cylindrical  auger,  and  cannot  be  conveniently  broken,  then  it  is  proposed  to 
introduce  a  triangular  claw,  as  fig.  53,  the  internal  notches  of  which  take  hold  of  the 
stone,  and  as  the  tool  rises,  bring  it  up.  For  raising  broken  rods,  a  tool  like  fig.  54 
is  sometimes  employed,  which  has  an  angular  claw  that  slips  under  the  shoulder  of  the 
rod,  and  holds  it  fast  while  drawing  up. 

In  raisin?  pipes  it  is  necessary  to  introduce  a  tool  into  the  inside  of  the  pipe,  by 
which  it  wiU  be  held  fast.  Fig.  55  is  a  pine-apple-tool  for  this  purpose ;  its  surface  is 
cut  like  a  rasp,  which  passes  easily  down  into  the  pipe,  but  catches  as  it  is  drawn  up ; 
and  by  that  means  brings  the  pipe  with  it.  Fig.  56  is  a  spear  for  the  same  purpose, 
which  easily  enters  the  pipe  by  springing ;  at  the  ends  of  its  prongs  there  are  forks 
which  stick  into  the  metal  as  it  is  drawn  up,  and  thereby  raise  it. 

These  are  the  new  implements,  for  which  the  patent  was  granted.  In  the  process  of 
boring,  there  does  not  appear  to  be  anything  new  proposed ;  but  that  these  several 
tools  are  to  be  employed  for  boring,  packing,  and  otherv  ise  penetrating,  raising  the 
earth,  and  extracting  broken  or  injured  tools.  There  are  aIso  suggestions  for  employing 
long  buckets,  with  valves  opening  upward  in  their  bottoms,  for  the  purpose  of  drawing 
water  from  these  wells  when  the  water  will  not  flow  over  the  surface ;  also  lift  pumps, 
with  a  succession  of  buckets  for  the  same  purpose.  But  as  these  suggestions  possess 
little  if  any  novelty,  it  cannot  be  intended  to  claim  them  as  parts  of  the  patent. 

ASPHALTUM.     Native  -bitumen,  so  called  from  the  lake  Asphaltites. 

ASSAY  and  ASSAYING.  (Coupellation.  Fr. ;  Mtreiben  auf  der  capelle,  Germ.) 
This  is  the  process  by  which  the  quality  of  gold  and  silver  bullion,  coin,  plate,  or 
trinkets  is  ascertained  with  precision,  or  by  which  the  quantity  of  either  or  both  these 
precious  metals  is  determined  in  any  given  alloy.  It  is,  therefore,  a  case  of  chemical 
analysis,  in  which  peculiar  methods  are  employed  to  attain  the  object  in  view  with 
accuracy  and  despatch.  Assaying  has  been  also  extended,  of  late  years,  to  determine  the 
quantity  of  palladium  and  platina  in  certain  bullion  and  gold  dust  brought  from  Brazil. 

The  art  of  assaying  gold  and  silver  by  the  cupel,  is  founded  upon  the  feeble  affinity 
which  these  metals  have  for  oxygen,  in  comparison  with  copper,  tin,  and  the  other 
cheaper  metals  ;  and  on  the  tendency  which  the  latter  metals  have  to  oxydize  rapidly  in 
contact  with  lead  at  .a  high  temperature,  and  sink  with  it  into  any  pordus  earthy  vessel 
in  a  thin  glassy  or  vitriform  state.  The  porous  vessel  may  be  made  either  of  wood- 
ashes,  freed  from  ?heir  soluble  matter  by  washing  with  water ;  or,  preferably,  of  burned 
bones  reduced  to  a  fine  powder. 

The  lead  added  to  the  silver  or  gold  to  be  assayed,  serves  chiefly  to  dissolve  the 
oxydized  copper,  whence  it  appears  that  the  quantity  of  lead  requisite  for  silver  assays, 
ou2:ht  to  bd  directly  proportional  to  the  quantity  which  the  silver  and  copper  would 
separately  require.  It  has  been  found  by  experiment,  that  16  parts  of  lead  are  quite 
sufficient  to  pass  1  of  copper  through  the  cupel;  and  that  -^-^  of  lead  presents  the  most 
suitable  proportion  for  passing  one  of  silver.  From  these  principles,  however,  if  we 
should  always  regard  the  dose  of  lead  to  be  employed  for  any  alloy  as  being  equal  to 
16  X  C  -(-  -3-  X  S  we  should  certainly  commit  an  error.  The  phenomena  of  cupeUation 
is  of  a  more  complex  nature.  Long  practice  and  delicate  trials  alone  can  guide  to  the 
proper  quantity  of  lead  to  be  employed  for  every  various  state  of  the  alloy.  The 
following  Table  contains  the  results  of  M.  D'Arcet's  elaborate  experiments  upon  this 
subject : — 
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Alloy. 

Lead  for  1  of  Alloy. 

Ratio  of  the  Copper  to 

Silver. 

Copper. 

1000 

0 

t'o 

0 

950 

50 

3 

1    :  60 

900 

100 

7 

1    :  70 

800 

200 

10 

1   :  50 

700 

300 

12 

1   :  40 

600 

400 

14 

1   :  35 

500 

500 

16  or  17 

1   :  32 

400 

600 

16  —  17 

1   :  26-7 

300 

700 

16  —  17 

1   :  22-9 

200 

800 

16  —  17 

1   :  20 

100 

900 

16  —  17 

1   :   17-8 

0 

1000 

16  —  17 

1   :  16 

Bismuth  may  be  used  as  a  substitute  for  lead  in  cupellation ;  two  parts  of  it  being 
nearly  equivalent  to  three  of  lead.  But  its  higher  prices  will  prevent  its  general 
introduction  among  assay  masters. 

We  begin  this  assay  process  by  weighing,  in  a  delicate  balance,  a  certain  weight  of 
the  metallic  aUoy;  a  gramme  (  =  ]5'444  gr.)  is  usually  taken  in  France,  and  12  grains 
in  this  country.  This  weight  is  wrapped  up  in  a  sUp  of  lead  foil  or  paper,  should  it 
consist  of  several  fragments.  This  small  parcel,  thus  enveloped,  is  then  laid  in  a  watch 
glass  or  a  capsule  of  copper,  and  there  is  added  to  it  the  proportion  of  lead  suited  to 
the  quality  of  alloy  to  be  assayed ;  there  being  less  lead,  the  finer  the  silver  is  presumed 
to  be.  Those  who  are  much  in  the  habit  of  cupellation  can  make  good  guesses  in  this 
way ;  though  it  is  still  guess  work,  and  often  leads  to  considerable  error,  for  if  too 
much  lead  be  used  for  the  proportion  of  baser  metal  present,  a  portion  of  the  silver 
is  wasted ;  but  if  too  little,  then  the  whole  of  the  copper,  &c.  is  not  carried  off,  and 
the  button  of  fine  silver  remains  more  or  less  impure.  The  most  expert  and  experienced 
assayer  by  the  cupel,  produces  merely  a  series  of  approximate  conjectural  results  which 
fall  short  of  chemical  demonstration  and  certainty  in  every  instance.  The  lead  must  be, 
in  all  cases,  entirely  free  from  silver,  being  such  as  has  been  revived  from  pure  litharge ; 
otherwise  errors  of  the  most  serious  kind  would  be  occasioned  in  the  assays. 

The  best  cupels  weigh  12|  grammes,  or  193  grains.  The  cupels  allow  the  fused 
oxydes  to  flow  through  them  as  through  a  fine  sieve,  but  are  impermeable  to  the 
particles  of  metals ;  and  thus  the  former  pass  readily  down  into  their  substance  while 
the  latter  remain  upon  their  surface  ;  a  phenomenon  owing  to  the  circumstance  of  the 
glassy  oxydes  moistening,  as  it  were,  the  bone-ash  powder,  whereas  the  metals  can 
contract  no  adherence  with  it.  Hence  also  the  liquid  metals  preserve  a  hemispherical 
shape  in  the  cupels,  as  quicksilver  does  in  a  cup  of  glass,  while  the  fused  oxyde  spreads 
over,  and  penetrates  their  substance  like  water.  A  cupel  may  be  regarded,  in  some 
measure,  as  a  filter  permeable  only  to  certain  liquids. 

If  we  put  into  a  cupel,  therefore,  two  metals,  of  which  the  one  is  unalterable  in  the 
air,  the  other  susceptible  of  oxydizement,  and  of  producing  a  very  fusible  oxyde,  it  is 
obvious  that,  by  exposing  both  to  a  proper  degree  of  heat,  we  shall  succeed  in  separating 
them.  "We  should  also  succeed,  though  the  oxyde  were  infusible,  by  placing  it  in  contact 
with  another  one,  which  may  render  it  fusible.  In  both  cases,  however,  the  metal  from 
which  we  wish  to  part  the  oxydes  must  not  be  volatile ;  it 
should  also  melt,  and  form  a  button  at  the  heal  of  cupel- 
lation ;  for  otherwise  it  would  continue  disseminated,  at- 
tached to  the  portion  of  oxyde  spread  over  the  cupel,  and 
incapable  of  being  collected. 

The  furnace  and  implements  used  for  assaying  in  the 
Royal  Mint  and  the  Goldsmiths'  Hall,  in  the  city  of  Lon- 
don, are  the  following  : — 

t       ^ s,^       I  AAA  A,  fig.  58,  is  a  front  elevation  of  an  assay  furnace  ; 

C        fflf'^m        U  a  a,  a  view  of  one  of  the  two  iron  rollers  on  which  the  fur- 

nace rests,  and  by  means  of  which  it  is  moved  forward  or 
backward ;  b,  the  ash-pit ;  c  c  are  the  ash-pit  dampers, 
which  are  moved  in  a  horizontal  direction  towards  each 
other  for  regulating  the  draught  of  the  furnace ;  d,  the 
door,  or  opening,  by  which  the  cupels  and  assays  are  intro- 
duced into  the  muffle ;  e,  a  moveable  funnel  or  chimney 
by  which  the  draught  of  the  furnace  is  increased. 
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B  B  B  Vffig.  59,  is  a  perpendicular  section  of  fig.  58 ;  a  a,  end  view  of  the  rollers ; 

b  the  ash-pit ;  c  one  of  the  ash-pit  dampers ;  d  the 
grate,  over  which  is  the  plate  upon  which  the 
muffle  rests,  and  which  is  covered  with  loam  nearly 
one  inch  thick;  /  the  muffle  in  section  represent- 
ing the  situation  of  the  cupels ;  g  the  mouth-plate, 
and  upon  it  are  laid  pieces  of  charcoal,  which  durina; 
the  process  are  ignited,  and  heat  the  air  that  is 
allowed  to  pass  over  the  cupels,  as  will  be  more 
fully  explained  in  the  sequel ;  h  the  interior  of  the 
furnace,  exhibiting  the  fuel. 

The  total  height  of  the  furnace  is  2  feet  6|  inches-, 
from  the  bottom  to  the  grate,  6  inches;  the  grate, 
muffle,  plate,  and  bed  of  loam,  with  which  it  is 
covered,  3  inches ;  from  the  upper  surface  of  the 
grate  to  the  commencement  of  the  funnel  e,  fig.  58, 
215  inches;  the  funnel  e,  6  inches.  The  square 
of  the  furnace  which  receives  the  muffle  and  fuel 
is  I  If  inches  by  15  inches.  The  external  sides  of  the  furnace  are  made  of  plates  of 
wrought  iron,  and  are  lined  with  a  2-inch  fire-brick. 

c  c  c  c,fLg.  60,  is  a  horizontal  section  of  the  furnace  over  the  grate,  showing  the  width 

of  the  mouth-piece,  or  plate 
of  wrought  iron,  which  is 
6  inches,  and  the  opening  which 
receives  the  muffle-plate. 

Fig.  61,  represents  the  muf- 
fle or  pot,  which  is   12  inches 
long,  6    inches   broad   inside; 
in  the  clear  6f  :  in  height  A\ 
inside  measure,  and  nearly  5| 
in  the  clear. 
Fig.  62,  the  muffle-plate,  which  is  of  the  same  size  as  the  bottom  of  the  muffle. 
Fig.  63,  is  a  representation  of  the  sliding-door  of  the  mouth-plate,  as  shown  at  d,  in 
fig.  58. 
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Fig.  64,  a  front  view  of  the  mouth-plate  or  piece,  d,fig.  58. 

Fig.  65,  a  representation  of  the  mode  of  making,  or  shutting  up  with  pieces  of  char- 
coal, the  mouth  of  the  furnace. 

Fig.  66,  the  teaser  for  cleaning  the  grate. 

Fig.  67,  a  larger  teaser,  which  is  introduced  at  the  top  of  the  furnace,  for  keeping  a 
complete  supply  of  charcoal  around  the  muffle. 

Fig.  68,  the  tongs  used  for  chargin?  the  assays  into  the  cups. 

Fig.  69,  represents  a  board  of  wood  used  as  a  register,  and  is  divided  into  45  equal 
compartments,  upon  which  the  assays  are  placed  previously  to  their  being  introduced 
into  the  furnace.  When  the  operation  is  performed,  the  cupels  are  placed  in  the  furnace 
in  situations  corresponding  to  these  assays  on  the  board.  By  these  means  all  confusion 
is  avoided,  and  without  this  regularity  it  would  be  impossible  to  preserve  the  accuracy 
which  the  delicate  operations  of  the  assayer  require. 

I  shall  now  proceed  to  a  description  of  a  small  assay  furnace,  invented  by  Messrs. 
Anfrye  and  d'Arcet,  of  Paris.  They  term  it,  Le  Petit  Fourneau  a  Coupelk.  Fig.  70 
represents  this  furnace,  and  it  is  composed  of  a  chimney  or  pipe  of  wrought  iron  a,  and 
of  the  furnace  b.  It  is  17^  inches  hi?h,  and  7j  inches  wide.  The  furnace  is  formed 
of  three  pieces  ;  of  a  dome  A ;  the  body  of  the  furnace  b  ;  and  the  ash-pit  c,  which  i» 
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used  as  the  base  of  the  fmna.ce,  figs.  70  and  71.  The  principal  piece,  or  body  of  the 
furnace,  b,  has  the  form  of  a  hollow  tower,  or  of  a  hollow  cylinder,  ilattened  equally  at 
the  two  opposite  sides  parallel  to  the  axis,  in  such  a  manner  that  the  horizontal  section 
is  elliptical.  The  foot  which  supports  it  is  a  hollow  truncated  cone  flattened  in  like 
manner  upon  the  two  opposite  sides,  and  having  consequently  for  its  basis  two  ellipses 

of    different    diame- 
70  ters  ;     the     smallest 

ought  to  be  equal  to 
that  of  the  furnace, 
so  that  the  bottom  of 
the  latter  may  exactly 
fit  it.  The  dome, 
which  forms  an  arch 
above  the  furnace, 
has  also  its  base  ellip- 
tical, while  that  of 
the  superior  orifice 
by  which  the  smoke 
goes  out  preserves  the 
cylindrical  form.  The 
lube  of  wrought  iron 
is  18  inches  long  and 
2^  inches  diameter, 
havin?  one  of  its  ends 
a  little  enlarged,  and 
slightly  conical,  thai 
it  may  be  exactly 
fitted  or  jointed  upon 
llie  upper  part  of 
tlie  furnace  dome  d, 
ff;.  70.  At  the  union 
of  the  conical  and 
cylindrical  parts  of 
the  tube,  there  is 
placed  a  small  gal- 
lery of  iron,  e,  fig.  70, 
71.  See  also  a  plan 
of  it,  fig.  72.  This 
gallery  is  both  in- 
genious   and   useful. 

Upon  it  are  placed  the  cupels,  which  are  thus  annealed  during  the  ordinarf  work  of 
the  furnace,  that  they  may  be  introduced  into  the  muffle,  when  it  is  brought  into  its 
proper  degree  of  heat.  A  little  above  this  gallery  is  a  door/,  by  which,  if  thought 
proper,  the  charcoal  could  be  introduced  into  the  furnace ;  above  that  there  is  placed  at 
g  a  throttle  valve,  which  is  used  for  regulating  the  draught  of  the  furnace  at  pleasure. 
Messrs.  Anfrye  and  d'Arcet  say,  that,  to  give  the  furnace  the  necessary  degree  of  heat 
so  as  to  work  the  assays  of  gold,  the  tube  must  be  about  18  inches  above  the  gallery, 
for  annealing  or  heating  the  cupels.  The  circular  opening  h,  in  the  dome,  fig.  70,  and 
as  seen  in  the  section,  fig.  71,  is  used  to  introduce  the  charcoal  into  the  furnace  :  it  is 
also  used  to  inspect  the  interior  of  the  furnace,  and  to  arrange  the  charcoal  round  the 
muffle.  This  opening  is  kept  shut  during  the  working  of  the  furnace,  with  the  mouth- 
piece, of  which  the  face  is  seen  at  n,fig.  71. 

The  section  of  the  furnace.  /Jg.  71,  presents  several  openings,  the  principal  of  which  is 
that  of  the  muffle  ;  it  is  placed  at  i  ;  it  is  shut  with  the  semicircular  door  vi,fig.  70,  and 
seen  in  the  section  m,  fig.  71.  In  front  of  this  opening,  is  the  table  or  shelf,  upon 
which  the  door  of  the  muffle  is  made  to  advance  or  recede;  the  letter  q,  fig.  71,  shows 
the  face,  side,  and  cross  section  of  the  shelf,  which  makes  part  of  the  furnace.  Imme- 
diately under  the  shelf,  is  a  horizontal  slit,  /,  which  is  pierced  at  the  level  of  the  upper 
part  of  the  grate,  and  used  for  the  introduction  of  a  slender  rod  of  iron,  that  the  grate 
may  be  easily  kept  clean.  This  opening  is  shut  at  pleasure,  by  the  wedge  represented 
at/f,yigs.  70,  and  71. 

Upon  the  back  of  the  furnace  is  a  horizontal  sHt  p,  fig.  71,  which  supports  the  fire- 
brick, s,  and  upon  which  the  end  of  the  muffle,  if  necessary,  may  rest ;  u,fig.  71,  is  the 
opening  in  the  furnace  where  the  muffle  is  placed. 

The  plan  of  the  grate  of  the  furnace  is  an  ellipse  :  fig.  73,  is  a  horizontal  view  of  it. 
The  dimensions  of  that  ellipsis  determine  the  general  form  of  the  furnace,  and  thickness 
of  the  grate.     To  give  strength  and  solidity  to  the  grate,  it  is  encircled  by  a  bar  or  hoop  of 
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iron.  There  is  a  groove  in  which  the  hoop  of  iron  is  fixed.  The  holes  of  the  grate  are 
truncated  cones,  having  the  greater  base  below,  that  the  ashes  may  more  easily  fall  into 
the  ash-pit.  The  letter  v,fig.  71,  shows  the  form  of  these  holes.  The  grate  is  support- 
ed by  a  small  bank  or  shelf,  making  part  of  the  furnace,  as  seen  at  a,  fig.  71. 

The  ash-pit,  c,  has  an  opening  y  in  front,_/ig.  71 ;  and  is  shut  when  necessary  by  the 
mouth-piece  r,figs.  70  and  71. 

To  eive  strength  and  solidity  to  the  furnace,  it  is  bound  with  hoops  of  iron,  at  b,  b,  b,  b, 
fig-  70. 

Figs.  74,  75,  76,  are  views  of  the  muffle. 

Fig.  77  is  a  view  of  a  crucible  for  annealing  gold. 

Figs.  78,  79,  80,  are  cupels  of  various  sizes,  to  be  used  in  the  furnace.  They  are  the 
same  as  those  used  by  assayers  in  their  ordinary  furnaces. 

Figs.  81  and  82  are  views  of  the  hand-shovels,  used  for  filling  the  furnace  with 
charcoal ;  they  should  be  made  of  such  size  and  form  as  to  fit  the  opening  h,  in  figs. 
70  and  71. 

The  smaller  pincers  or  ton^s,  by  which  the  assays  are  charged  into  the  cupels,  and  by 
which  the  latter  are  withdrawn  from  tlie  furnace,  as  well  as  the  teaser  for  cleaning  the 
grate  of  the  furnace,  are  similar  to  those  used  in  the  British  Mint. 

In  the  furnace  of  the  Mint  above  described,  the  number  of  assays  that  can  be  made  at 
one  time  is  45.  The  same  number  of  cupels  are  put  into  the  muffle.  The  furnace  is 
then  filled  AvitlT  charcoal  to  the  top,  and  upon  this  are  laid  a  few  pieces  already  ignited. 
In  the  course  of  three  hours,  a  little  more  or  less,  according  to  circumstances,  the  whole 
is  ignited  ;  during  which  period,  the  muffle,  which  is  made  of  fire-clay,  is  gradually 
heated  to  redness,  and  is  pievented  from  cracking ;  which  a  less  regular  or  more  sudden 
increase  of  temperature  would  not  fail  to  do  :  the  cupels,  also,  become  properly  anneal- 
ed. All  moisture  being  dispelled,  they  are  in  a  fit  state  to  receive  the  piece  of  silver  or 
gold  to  be  assayed. 

The  greater  care  that  is  exercised  in  this  operation,  the  less  liable  is  the  assayer  to  ac- 
cidents from  the  breaking  of  the  muffle  ;  which  is  both  expensive  and  troublesome  to  fit 
properly  into  the  furnace. 

The  cupels  used  in  the  assay  process,  are  made  of  the  ashes  of  burnt  bones  (phosphate 
of  Ihne).  In  the  Royal  Mint,  the  cores  of  ox-horn  are  selected  for  this  purpose;  and  the 
aashes  produced  are  about  four  tiroes  the  expense  of  the  bone-ash,  used  in  the  process  of 
cupellation  upon  a  large  scale.  So  much  depends  upon  the  accuracy  of  an  assay  of 
gold  or  silver,  where  a  mass  of  ]51bs.  troy  in  the  first,  and  601bs  troy  in  the  second 
instance  is  determined  by  the  analysis  of  a  portion  not  exceeding  20  tro-y  grains,  that 
every  precaution  which  the  longest  experience  has  suggested,  is  used  to  obtain  an  accu- 
rate result.  Hence  the  attention  paid  to  the  selection  of  the  most  proper  materials  for 
making  the  cupels. 

The  cupels  are  formed  in  a  circular  mould  made  of  cast  steel,  very  nicely  turned,  by 
which  means  they  are  easily  freed  from  the  mould  when  struck.  The  bone-ash  is  used 
moistened  with  a  quantity  of  water,  sufficient  to  make  the  particles  adhere  firmly  togeth- 
er. The  circular  mould  is  filled,  and  pressed  level  with  its  surface  ;  after  which,  a  pestle 
or  rammer,  having  its  end  nicely  tiu-ned,  of  a  globular  or  convex  shape,  and  of  a  size 
equal  to  the  degree  of  concavity  wished  to  be  made  in  the  cupel  for  the  reception  of  the 
assay,  is  placed  upon  the  ashes  in  the  mould,  and  struck  with  a  hammer  until  the  cupel 
is  properly  formed.  These  cupels  are  allowed  to  dry  in  the  air  for  some  time  before  they 
are  used.     If  the  weather  is  fine,  a  fortnight  will  be  sufficient. 

An  assay  may  prove  defective  for  several  reasons.  Sometimes  the  button  or  bead 
sends  forth  crystalline  vegetations  on  its  surface  with  such  force,  as  to  make  one  suppose 
a  portion  of  the  silver  may  be  thrown  out  of  the  cupel.  When  the  surface  of  the  bead 
is  dull  and  flat,  the  assay  is  considered  to  have  been  too  hot,  and  it  indicates  a  loss  of 
silver  in  fumes.  When  the  tint  of  the  bead  is  not  unifonn,  when  its  inferior  surface  is 
bubbly,  Avhen  yellow  scales  of  oxyde  of  lead  remain  on  the  bottom  of  the  cupel,  and 
the  bead  adheres  strongly  to  it,  by  these  signs  it  is  judged  that  the  assay  has  been  too  cold, 
and  that  the  silver  retains  some  lead. 

Tastly,  the  assay  is  thought  to  be  good  if  the  bead  is  of  a  round  form,  if  its  upper  sur- 
face is  brilliant,  if  its  lower  surface  is  granular  and  of  a  dead  white,  and  if  it  separates 
readily  from  the  cupel. 

After  the  lead  is  put  into  the  cupel,  it  gets  immediately  covered  with  a  coat  of  oxyde, 
which  resists  the  admission  of  the  silver  to  be  assayed  into  the  melted  metal ;  so  that  the 
alloy  cannot  form.  When  a  bit  of  silver  is  laid  on  a  lead  bath  in  this  predicament,  we 
see  it  swim  about  for  a  long  time  without  dissolving.  In  order  to  avoid  this  result,  the 
silver  is  wrapped  up  in  a  bit  of  paper;  and  the  carbureted  hydrogen  generated  by  its 
combustion  reduces  the  film  of  the  lead  oxyde,  gives  the  bath  immediately  a  bright  me- 
tallic lustre,  and  enables  the  two  metals  readily  to  combine. 

As  the  heat  rises,  the  oxyde  of  lead  flows  round  about  over  the  surface,  till  it  is  ab- 
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sorbed  by  the  cupel.  When  the  lead  is  wasted  to  a  certain  desrree,  a  very  thin  film  ot  it 
only  remains  on  the  sUver,  which  causes  the  iridiscent  appearance,  like  the  colors  of 
soap-bubbles ;  a  phenomenon,  called  by  the  old  chemists,  fulguration. 

When  the  cupel  cools  in  the  progress  of  the  assay,  the  oxygenation  of  the  lead  ceases ; 
and,  instead  of  a  very  liquid  vitreous  oxyde,  an  imperfectly  melted  oxyde  is  formed,  which 
the  cupel  cannot  absorb.  To  correct  a  cold  assay,  the  temperature  of  the  furnace  ought 
to  be  raised,  and  pieces  of  paper  ought  to  be  put  into  the  cupel,  till  the  oxyde  of  lead 
which  adheres  to  it  be  reduced.  On  keeping  up  the  heat,  the  assay  will  resume  its  ordi- 
nary train. 

Pure  silver  almost  always  vegetates.  Some  traces  of  copper  destroy  this  property, 
which  is  obviously  due  to  the  oxygen  which  the  sQver  can  absorb  while  it  is  in  fusion, 
and  which  is  disengaged  the  moment  it  solidifies.  An  excess  of  lead,  by  removing  all  the 
copper  at  an  early  stage,  tends  to  cause  the  vegetation. 

The  brightening  is  caused  by  the  heat  evolved,  when  the  button  passes  froA  the  liquid 
to  the  solid  state.     Many  other  substances  present  the  same  phenomenon. 

In  the  above  operation  it  is  necessary  to  employ  lead  which  is  very  pure,  or  at  least  free 
from  silver.     That  kind  is  called  poor  lend. 

It  has  been  observed  at  all  times,  that  the  oxyde  of  lead  carries^ofT  with  it,  into  the  cu- 
pel, a  little  silver  in  the  state  of  an  oxyde.  This  effect  becomes  less,  or  even  disappears, 
when  there  is  some  copper  remaining ;  and  the  more  copper,  the  less  chance  there  is  of 
any  silver  being  lost.  The  loss  of  silver  increases,  on  the  other  hand,  with  the  dose  of 
lead.  Hence  the  reason  why  it  is  so  important  to  proportion  the  lead  with  a  precision 
which,  at  first  sight,  woidd  appear  to  be  superfluous.  Hence,  also,  the  reason  of  the  at- 
tempts which  have,  of  late  years,  been  male  to  change  the  whole  system  of  silver  assays, 
and  to  have  recourse  to  a  method  exempt  from  the  above  causes  of  error. 

M.  d'Arcet,  charsed  by  the  Commission  of  the  Mint  in  Paris,  to  examine  into  the  jus- 
tice of  the  reclamations  made  by  the  French  silversmiths  against  the  public  assays,  as- 
certained that  they  were  well  founded;  and  that  the  results  of  cupellation  gave  for  the 
alloys  betwen  897  and  903  thousandths  (the  limits  of  their  standard  coin)  an  inferior 
standard,  by  from  4  to  5  thousandth  parts,  from  the  standard  or  title  which  should  result 
from  the  absolute  or  actual  alloy. 

The  mode  of  assay  shows,  in  fact,  that  an  ingot,  experimentally  composed  of  900 
thousandths  of  fine  silver,  and  100  thousandths  of  copper,  appears,  by  cupellation,  to  be 
only,  at  the  utmost,  896  or  897  thousandths;  whereas  fine  silver,  of  1000  thousandths, 
comes  out  nearly  of  its  real  standard.  Consequently  a  director  of  the  Mint,  who  should 
compound  his  alloy  with  fine  silver,  would  be  obliged  to  employ  903  or  904  thousandths, 
in  order  that,  by  the  assay  in  the  laboratory  of  the  Mint,  it  should  appear  to  have  the 
standard  of  900  thousandths.  These  3  or  4  thousandths  would  be  lost  to  him,  since  they 
woul<l  be  disguised  by  the  mode  of  assay,  the  definitive  criterion  of  the  quantity  of  silver, 
of  whicli  the  government  keeps  count  fx-om  the  coiner  of  the  money. 

From  the  experiments  subsequently  made  by  M.  d'Arcet,  it  appears  that  silver  assays 
always  suffer  a  loss  of  the  precious  metal,  which  varies,  however,  with  the  standard  of 
the  alloy.     It  is  1  thousandth  for  fine  silver, 

4-3  thousandths  for  silver  of  900  thousandths, 
4.9  _  for     —    of  800         — 

4.2  —  for     —     of  500         — 

and  diminishes  thereafter,  progressively,  till  the  alloy  contains  only  100  thousandths  of 
silver,  at  which  point  the  loss  is  only  0-4. 

Assays  requested  by  the  Commission  of  the  Paris  Mint,  from  the  assayers  of  the  prin- 
cipal Royal  Mints  in  Europe,  to  which  the  same  alloys,  synthetically  compounded,  were 
sent,  aff'orded  the  results  inscribed  in  the  following  table. 


Cities  where  they 

Standards  foun 

d  for  the  Mathematical  Alloys  1 

Names  of  the  Assuyers. 

950  mill. 

900  mill. 

800  mill. 

F.  de  Castenhole,  JMint  Assayer 

Vienna 

946-20 

898  40 

795-10 

A.  R.  Vervacz,           ditto 

Madrid 

944-40 

893-70 

789-20 

D.    M.    Cabrera,    Assayer    in 

Spain  -        -         -        -        - 

Ditto 

944-40 

893-70 

788-60 

Assayer  ----- 

Amsterdam 

94700 

895-00 

795-00 

Mr.  Bingley,  Assay  Master      - 

London 

946-25 

896-25 

794-25 

Mr.  Johnson,  Assnyer     - 

Ditto 

933-33 

883-50 

783-33 

Inspector  of  the  Mint 

Utrecht 

945-00 

896-50 

799-00 

Assayer  of  the  Mint 

Naples 

945-00 

891-00 

787-00 

Assayer  of  Trade    -         -         - 

Ditto 

945-00 

891-00 

787-00 

Assayer  of  the  Mint 

Hamburgh 

946-jf 

897-4^ 

798-fl 

Ditto 

Altona 

942- A 

894-00 

790 
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These  results,  as  well  as  those  in  still  greater  numbers,  obtained  from  the  ablest 
Parisian  assayers,  upon  identical  aUoys  of  silver  and  copper,  prove  that  the  mode  of 
assay  applied  to  them  brings  out  the  standard  too  low ;  and  further,  that  the  quantity 
of  silver  masked  or  disguised,  is  not  uniform  for  these  different  eminent  assay  masters. 
An  aUoy,  for  example,  at  the  standard  of  900  thousandths  is  judged  at 

M. 

the  Mint  of  Paris  to  have  a  standard  of  895*6 
At  that  of  Vienna  —  898-4 

—  Madrid  —  893-7    ~ 

—  Naples  —  891-0 

The  fact  thus  so  clearly  made  out  of  a  loss  in  the  standard  of  silver  bullion  and  coin, 
merits  the  most  serious  attention  ;  and  it  Avill  appear  astonishing,  perhaps,  that  a  thing 
recurring  every  day,  should  have  remained  for  so  long  a  time  in  the  dark.  In  reality, 
however,  the  fact  is  not  new;  as  the  very  numerous  and  well-made  experiments  of 
Tillet,  from  1760  to  1763,  which  are  related  in  the  memoirs  of  the  Academy  of 
Sciences,  show,  in  the  silver  assays,  a  loss  still  greater  than  that  wliich  was  experienced 
lately  in  the  laboratoiy  of  the  Commission  of  the  French  Mint.  But  he  thought  that, 
as  the  error  was  common  to  the  nations  in  general,  it  was  not  worth  while  or  prudent 
to  inti-oduce  any  innovation. 

A  mode  of  assaying,  to  give,  with  certainty,  the  standard  of  silver  bullion,  should  be 
entirely  independent  of  the  variable  circumstances  of  temperature,  and  the  unknown 
proportions  of  copper,  so  difficult  to  regulate  by  the  mere  judgment  of  the  senses.  The 
process  by  the  humid  way,  recommended  by  me  to  the  Royal  Mint  in  1829,  and  ex- 
hibited as  to  its  principles  before  the  Right  Honorable  John  Heriies,  then  Master,  in 
1830,  has  all  the  precision  and  certainty  we  could  wish.  It  is  founded  on  the  weU-known 
property  which  silver  has,  when  dissolved  in  nitric  acid,  to  be  precipitated  in  a  chloride  of 
silver  quite  insoluble,  by  a  solution  of  sea  salt,  or  by  muriatic  acid  ;  but,  instead  of  deter- 
mining the  weight  of  the  chloride  of  silver,  which  would  be  somewhat  uncertain  and 
rather  tedious,  on  account  of  the  difficulty  of  drying  it,  we  take  the  quantity  of  the 
solution  of  sea  salt  which  has  been  necessary  for  the  precipitation  of  the  silver.  To 
put  the  process  in  execution,  a  liquor  is  prepared,  composed  of  water  and  sea  salt  in  such 
proportions  that  1000  measures  of  this  liquor  may  precipitate,  completely,  12  grains  of 
silver,  perfectly  pure,  or  of  the  standard  1000,  previously  dissolved  in  nitric  acid.  The 
liquor  thus  prepared,  gives,  immediately,  the  true  standard  of  any  alloy  whatever,  of 
silver  and  copper,  by  the  weight  of  it  which  may  be  necessary  to  precipitate  12  grains 
of  this  alloy  If,  for  example,  905  measures  have  been  required  to  precipitate  the  12 
grains  of  alloy,  its  standard  would  be  905  thousandths. 

The  process  by  the  humid  way  is,  so  to  speak,  independent  of  the  operator.  The 
manipulations  are  so  easy  ;  and  the  term  of  the  operation  is  very  distinctly  announced  by 
the  absence  of  any  sensible  nebulosities  on  the  affusion  of  sea  salt  into  the  silver  solution, 
while  there  remains  in  it  5  thousandth  of  metal.  The  process  is  not  tedious,  and  in 
experienced  hands  it  may  rival  the  cupel  in  rapidity;  it  has  the  advantage  over  the 
cupel  of  being  more  within  the  reach  of  ordinary  operators,  and  of  not  requiring  a  long 
apprenticeship.  It  is  particularly  useful  to  such  assayers  as  have  only  a  few  assays  to 
make  daily,  as  it  will  cost  them  very  little  time  and  expense. 

By  agitating  briskly  during  two  minutes,  or  thereby,  the  liquid  rendered  milky  by 
the  precipitation  of  the  chloride  of  silver,  it  may  be  sufficiently  clarified  to  enable  us  to 
appreciate,  after  a  few  moments  of  repose,  the  disturbance  that  can  be  produced  in  it  by 
the  addition  of  1000  of  a  grain  of  silver.  Filtration  is  more  efficacious  than  agitation, 
especially  when  it  is  employed  afterwards ;  it  may  be  sometimes  used  ;  but  agitation, 
which  is  much  more  prompt,  is  generally  sufficient.  The  presence  of  lead  and  copper, 
or  any  other  metal,  except  mercury,  has  no  perceptible  inlluence  on  the  quantity  of  sea 
salt  necessary  to  precipitate  the  silver ;  that  is  to  say,  the  same  quantity  of  silver,  pure 
or  alloyed,  requires  for  its  precipitation  a  constant  quantity  of  the  solution  of  sea  salt. 

Supposing  that  we  operate  upon  a  gramme  of  pure  silver,  the  solution  of  sea  salt 
ought  to  be  such  that  100  centimetres  cube  may  precipitate  exactly  the  whole  silver. 
The  standard  of  an  alloy  is  given  by  the  number  of  thousandths  of  solution  of  sea  salt 
necessary  to  precipitate  the  silver  contained  in  a  gramme  of  the  alloy. 

When  any  mercury  is  accidentally  present,  which  is,  however,  a  rare  occurrence,  it 
is  made  obvious  by  the  precipitated  chloride  remaining  white  when  exposed  to  daylight, 
whereas  when  there  is  no  mercury  present,  it  becomes  speedily  first  gray  and  then 
purple.  Silver  so  contaminated  must  be  strongly  ignited  in  fusion  before  being  assayed, 
and  its  loss  of  weight  noted.     In  this  case,  a  cupel  assay  must  be  had  recourse  to. 

Preparation  of  the  Normal  Solution  of  Sea  Salt,  when  it  is  measured  by  Weight. — Sup- 
posing the  sea  salt  pure  as  well  as  the  water,  we  have  only  to  take  these  two  bodies  in 
the  proportion  of  0-5427  k.  of  salt  to  99-4573  k.  of  water,  to  have  100  k.  of  solution, 
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of  which  100  grammes  will  precipitate  exactly  one  gramme  of  silver.  But  instead  ol 
pure  salt,  which  is  to  be  procured  with  difficulty,  and  -which  besides  may  be  altered 
readily  by  absorbing  the  humidity  of  the  air,  a  concentrated  solution  of  the  sea  salt  of 
commerce  is  to  be  preferred,  of  which  a  large  quantity  may  be  prepared  at  a  time,  to  be 
kept  in  reserve  for  use,  as  it  is  wanted.     Instruction  de  Gay  Lussac. 

Preparation  of  the  Normal  Solution  of  Sea  Salt,  when  measured  by  Volume. — The 
measure  by  weight  has  the  advantage  of  being  independent  of  temperature,  of  having 
the  same  degree  of  precision  as  the  balance,  and  of  standing  in  need  of  no  correction. 
The  measure  by  volume  has  not  all  these  advantages ;  but,  by  giving  it  sufficient 
precision,  it  is  more  rapid,  and  is  quite  sufficient  for  the  numerous  daily  assays  of  the 
mint.  This  normal  solution  is  so  made,  that  a  volume  equal  to  that  of  100  grammes 
of  water,  or  100  centimetres  cube,  at  a  determinate  temperature,  may  precipitate  exactly 
one  gramme  of  silver.  The  solution  may  be  kept  at  a  constant  temperature,  and  in 
this  case  the  assay  stands  in  want  of  no  correction ;  or  if  its  temperature  be  variable, 
the  assay  must  be  corrected  according  to  its  influence.  These  two  circumstances  make 
no  change  in  the  principle  of  the  process,  but  they  are  sufficiently  important  to  occasion 
some  modifications  in  the  apparatus.  Experience  has  decided  the  preference  in  favor 
of  applying  a  correction  to  a  variable  temperature. 
We  readily  obtain  a  volume  of   100  cubic  centimetres  by  means  of  a  pipelle,  fig.  83, 

so  gauged  that  when  filled  with  water  up  to  the 
mark  a,  b,  and  well  dried  at  its  point,  it  will  run 
out,  at  a  continuous  efflux,  100  grammes  of  water 
at  the  temperature  of  15  C.  (59  Fah.).  We  say 
purposely  at  one  efflux,  because  after  the  cessation 
of  the  jet,  the  pipette  may  still  furnish  two  or 
three  drops  of  liquid,  which  must  not  be  counted 
or  reckoned  upon.  The  weight  of  the  volume  of 
the  normal  solution,  taken  in  this  manner  with 
suitable  precautions,  will  be  uniform  from  one 
extreme  to  another,  upon  two  centimetres  and  a 
half,  at  most,  or  to  a  quarter  of  a  thousandth,  and 
the  difference  from  the  mean  will  be  obviously 
twice  less,  or  one  half.  Let  us  indicate  the  most 
simple  manner  of  taking  a  measure  of  the  normal 
solution  of  sea  salt. 

After  having  immersed  the  beak  c  of  the  pipette 
in  the  solution,  we  apply  suction  by  the  mouth, 
to  the  upper  orifice,  and  thereby  raise  the  liquid  to 
d,  above  the  circular  line  a  b.  We  next  apply 
neatly  the  forefinger  of  one  hand  to  this  orifice, 
remove  the  pipette  from  the  liquid,  and  seize  it 
as  represented  in  Jig.  84.  The  mark  a  b  being 
placed  at  the  level  of  the  eye,  we  make  the  sur- 
face of  the  solution  become  exactly  a  tangent  to 
the  plane  a  b.  At  the  instant  it  becomes  a  tangent,  we  leave  the  beak  c  of  the  pipette 
open,  by  taking  away  the  finger  that  had  been  applied  to  it,  and  without  changing 
anything  else  in  the  position  of  the  hands,  we  empty  it  into  the  bottle  which  should 
receive  the  solution,  taking  care  to  remove  it  whenever  the  efflux  has  run  out. 

If,  after  filling  the  pipette  by  suction,  any  one  should  find  a  difficulty  in  applying  the 
forefinger  fast  enough  to  the  upper  orifice,  without  letting  the  liquid  run  down  below 
the  mark  a  b,  he  should  remove  the  pipette  from  the  solution  with  its  top  still  closed 
with  his  tongue,  then  apply  the  middle  finger  of  one  of  his  hands  to  the  lower  orifice; 
after  which  he  may  withdraw  his  tongue,  and  apply  the  forefinger  of  the  other  hand  to 
the  orifice  previously  wiped.  This  mode  of  obtaining  a  measure  of  normal  solution  of 
sea  salt  is  very  simple,  and  requires  no  complex  apparatus  :  but  we  shall  indicate  another 
manipulation  still  easier,  and  also  more  exact. 

In  this  new  process  the  pipette  is  filled  from  the  top  like  a  bottle,  instead  of  being 
filled  by  suction,  and  it  is  moreover  fixed.  Fig.  85  represents  the  apparatus,  d  and 
d'  are  two  sockets  separated  by  a  stop-cock  r.  The  upper  one,  tapped  interiorly, 
receives,  by  means  of  a  cork  stopper  l,  the  tube  t,  which  admits  the  solution  of  sea 
salt.  The  lower  socket  is  cemented  on  to  the  pipette  ;  it  bears  a  small  air-cock  n',  and 
a  screw  plug  v,  which  cegulates  a  minute  opening  intended  to  let  the  air  enter  very 
slowly  into  the  pipette.  Below  the  stop-cock  r',  a  silver  tube  n,  of  narrow  diameter, 
soldered  to  the  socket,  leads  the  solution  into  the  pipette,  by  allowing  the  air,  v\'hich  it 
displaces,  to  escape  by  the  stop-cock  r'.  The  screw  plug;  with  the  milled  head  v', 
replaces  the  ordinary  screw  by  which  the  key  of  the  stop-cock  may  be  made  to  press 
with  more  or  less  force,  upon  its  conical  seat. 
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Fig.  86  represents,  in  a  side  view,  the  apparatus  just  described.  We  here  remark  an 
air-cock  r,  and  an  opening  ?n.  At  the  extremity  q  of  the  same  figure,  the  conical  pipe 
T  enters,  with  friction.  It  is  by  this  pipe  that  the  air  is  sucked  into  the  pipette  when  it 
is  to  be  tilled  from  its  beak. 

The  pipette  is  supported  by  two  horizontal  arms  h  k  (fig-  87)  moveable   about  a 

common  axis  a  a,  and  capable  of  being  drawn 
out  or  shortened  by  the  aid  of  two  longitu- 
dinal slits.  They  are  fixed  steadily  by  two 
screw  nuts  c  e,  and  their  distance  may  be  varied 
by  means  of  round  bits  of  wood  or  cork  inter- 
posed, or  even  by  opposite  screw  nuts  o  6.  The 
upper  arm  h  is  pierced  with  a  hole,  in  which 
is  fixed,  by  the  pressure  of  a  wooden  screw  v, 
the  socket  of  the  pipelle.  The  corresponding 
hole  of  the  lower  arm  is  larger ;  and  the  beak 
of  the  pipette  is  supported  in  it  by  a  cork  stop- 
per L.  The  apparatus  is  fixed  by  its  tail-piece 
p,  by  means  of  a  screw,  to  the  corner  of  a  wall, 
or  any  other  prop. 

The  manner  of  filling  the  pipette  is  very  sim- 
ple. We  begin  by  applying  the  fore-finger  of 
the  left  hand  to  the  lower  aperture  c ;  we  then 
open  the  two  stop-cocks  r  and  r'.  Whenever 
the  liquor  approaches  the  neck  of  the  pipette,  we 
must  temper  its  influx,  and  when  it  has  arrived 
at  some  millimetres  above  the  mark  a  6,  we  close 
the  two  stop-cocks,  and  remove  our  fore-finger. 
We  have  now  nothing  more  to  do  than  to  regu- 
late the  pipette;  for  which  purpose  the  liquid 
must  touch  the  line  a  b,  and  must  simply  adhere 
externally  to  the  beak  of  the  pipette. 
This  last  circumstance  is  easily  adjusted. 
After  taking  away  the  finger  which  closed  the  aperture  c  of  the  pipette,  we  apply  to  this 
orifice  a  moist  sponge  m,  fig.  88,  wrapped  up  in  a  linen  rag,  to  absorb  the  superfluous 

liquor  as  it  drops  out.  This  sponge 
is  called  the  handkerchief  (wom- 
choir),  by  M.  Gay  Lussac.  The 
pipette  is  said  to  be  wiped  when 
there  is  no  liquor  adhering  to  its 
point  exteriorly. 

For  the  convenience  of  operat- 
ing, the  handkerchief  is  fixed  by 
friction  in  a  tube  of  tin  plate,  ter- 
minated by  a  cup,  open  at  bottom 
to  let  the  droppings  flow  ofl'  into 
the  cistern  c,  to  which  the  tube  is 
soldered.  It  may  be  easily  re- 
moved for  the  purpose  of  washing 
it ;  and,  if  necessary,  a  little  wedge 
of  wood,  0,  can  raise  it  toward  Wis  pipette. 

To  complete  the  adjustment  oi  i\\e  pipette,  the  liquid  must  be  made  merely  to  descend 
to  the  mark  a,  b.  With  this  view,  and  while  the  handkerchief  is  applied  to  the  beak 
o  the  pipette,  the  air  must  be  allowed  to  enter  very  slowly  by  unscrewing  the  plug  v, 
fig.  85;  and  at  the  moment  of  the  contact  the  handkerchief  must  be  removed,  and  the 
bottle  F,  destined  to  receive  the  solution,  must  be  placed  below  the  orifice  of  the  pipette, 
fig.  88.  As  the  motion  must  be  made  rapidly,  and  without  hesitation,  the  bottle  is 
placed  in  a  cylinder  of  tin-plate,  of  a  diameter  somewhat  greater,  and  forming  one  body 
with  the  cistern  and  the  handkerchief.  The  whole  of  this  apparatus  has  for  a  basis  a 
'  plate  of  tinned  iron,  moveable  between  two  wooden  rulers  r  r,  one  of  which  bears  a 
groove,  under  which  the  edge  of  the  plate  slips.  Its  traverses  are  fixed  by  two  abutments 
b  b,  placed  so  that  when  it  is  stopped  by  one  of  them,  the  beak  of  the  pipette  corresponds 
to  the  centre  of  the  neck  of  the  bottle,  or  is  a  tangent  to  the  handkerchief.  This 
arrangement,  very  convenient  for  wiping  the  pipette  and  emptying  it,  gives  the  apparatus 
sutficient  solidity,  and  allows  of  its  being  taken  away  and  replaced  without  deranging 
anything.  It  is  obvious  that  it  is  of  advantage,  when  once  the  entry  of  the  air  into 
the  pipette  has  been  regulated  by  the  screw  v,  to  leave  it  constantly  open,  because  the 
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motion  from  the  handkerchief  to  the  bottle  is  performed  with  sufficient  rapidity  to  prevent 
a  drop  of  the  solution  from  collecting  and  falling  down. 

Temperature  of  the  Solution. — After  having  described  the  manner  of  measuring  by 
volume  the  normal  solution  of  the  sea  salt,  we  shall  indicate  the  most  convenient  means 
of  taking  the  temperature.  The  thermometer  is  placed  in  a  tube  of  glass  t,  Jig.  89; 
■which  the  solution  traverses  to  arrive  at  the  pipette.  It  is  suspended  in  it  by  a  piece  of 
cork,  grooved  on  the  four  sides  to  afford  passage  to  the  liquid.  The  scale  is  engraved 
upon  the  tube  itself,  and  is  repeated  at  the  opposite  side,  to  fix  the  eye  by  the  coincidence 
of  this  double  division  at  the  level  of  the  thermometric  column.  The  tube  is  joined 
below  to  another  narrower  one,  through  which  it  is  attached  by  means  of  a  cork  stopper 
B,  in  the  socket  of  the  stop-cock  of  the  ^i^e//c.  At  its  upper  part  it  is  cemented  into  a 
brass  socket,  screw-tapped  in  the  inside,  which  is  connected  in  its  turn  by  a  cock,  with 
the  extremity,  also  tapped,  of  the  tube  above  t,  belonging  to  the  reservoir  of  the  normal 
solution.  The  corks  employed  here  as  connecting  links  between  the  parts  of  the 
apparatus,  give  them  a  certain  flexibility,  and  allow  of  their  being  dismounted  and  re- 
mounted in  a  very  short  time ;  but  it  is  indispensable  to  make  them  be  traversed  by  a 
hollow  tube  of  glass  or  metal,  which  will  hinder  them  from  being  crushed  by  the  pressure 
they  are  exposed  to.  If  the  precaution  be  taken  to  grease  them  with  a  little  suet,  and  to 
fill  their  pores,  they  will  suffer  no  leakage. 

Preservation  of  the  Normal  SoIutio7i  of  Sea  Salt  in  metallic  Vessels. — M.  G.ny  Lussac 
uses  for  this  purpose  a  cylindrical  vessel  or  drum  of  copper,  of  a  capacity  of  about  110 
litres,  having  its  inside  covered  with  a  rosin  and  wax  cement. 

Preparation  of  /he  Normal  Solution  of  Sea  Salt,  measuring  it  by  Volume. — If  the  drum 
contains  1 10  litres,  we  should  put  only  105  into  it,  in  order  that  sufficient  space  may  be 
left  for  agitating  the  liquor  without  throwing  it  out.  According  to  the  principle  that 
100  centimetres  cube,  or  Jpr  of  a  litre  of  the  solution  should  contain  enough  of  sea  salt  to 
precipitate  a  gramme  of  pure  silver  ;  and,  admitting,  moreover,  13-516  for  the  prime  equi- 
valent of  silver,  and  7-335  for  that  of  sea  salt,  we  shall  find  the  quantity  of  pure  salt  that 
should  be  dissolved  in  the  105  litres  of  water,  and  which  corresponds  to  105  X  10  =  1050 
grammes  of  silver,  to  be  by  the  following  proportion : — 

13-5] 6  :  7-335  ::  1050  gramm.  :  x=569-83  gr. 

And  as  the  solution  of  the  sea  salt  of  commerce,  formerly  mentioned,  contains  approxi- 
mately 250  grammes  per  kilogramme,  we  must  lake  2279-3  grammes  of  this  solution  to 
have  569-83  gram,  of  salt.  The  mixture  being  perfectly  made,  the  tubes  and  the  pipette 
must  be  several  times  washed  by  running  the  solution  through  them,  and  putting  it  into 
the  drum.  The  standard  of  the  solution  must  be  determined  after  it  has  been  well  agi- 
tated, supposin?  the  temperature  to  remain  uniform. 

To  arrive  more  conveniently  at  this  result,  we  begin  by  preparing  two  decimes  solu- 
tions ;  one  of  silver,  and  another  of  sea  salt. 

The  decime  solution  of  silver  is  obtained  by  dissolving  1  gramme  of  silver  in  nitric  acid, 
and  diluting  the  solution  with  water  till  its  volume  becomes  a  litre. 

The  decime  solution  of  sea  salt  may  be  obtained  by  dissolving  0*543  grammes  of  pure 
sea  salt  in  water,  so  that  the  solution  shall  occupy  a  litre ;  but  we  shall  prepare  it  even 
with  the  normal  solution  which  we  wish  to  test,  by  mixing  a  measure  of  it  with  9  mea- 
sures of  water  ;  it  being  understood  that  this  solution  is  not  rigorously  equivalent  to  that 
of  silver,  and  that  it  will  become  so,  only  when  the  normal  solution  employed  for  its  pre- 
paration shall  be  finally  of  the  true  standard.  Lastly,  we  prepare  beforehand  several 
stoppered  vials,  in  each  of  which  Ave  dissolve  1  gramme  of  silver  in  8  or  10  grammes  of 
nitric  acid.     For  brevity's  sake  we  shall  call  these  tests. 

Now  to  investigate  the  standard  of  the  normal  solution,  we  must  transfer  a  pipelie  of 
it  into  one  of  these  test  vials ;  and  we  must  agitate  the  liquors  briskly  to  clarify  them. 
After  some  instants  of  repose,  we  must  pour  in  2  thousandths  of  the  decime  solution  ol 
sea  salt,  which,  we  suppose,  will  produce  a  precipitate.  The  normal  liquor  is  conse- 
quently too  feeble ;  and  we  should  expect  this,  since  the  sea  salt  employed  was  not  per- 
fectly pure.  We  agitate  and  add  2  fresh  thousandths,  which  will  also  produce  a  precipi- 
tate. We  continue  thus  by  successive  additions  of  2  thousandths,  till  the  last  produces 
no  precipitation.  Suppose  that  we  have  added  16  thousandths  :  the  last  two  should  not 
be  reckoned,  as  they  produced  no  precipitate ;  the  preceding  two  were  necessary,  but 
only  in  part ;  that  is  to  say,  the  useful  thousandths  added  are  above  12  and  below  14,  or 
otherwise  they  are  on  an  average  equal  to  13. 

Thus,  in  the  condition  of  the  normal  solution,  we  require  1013  parts  of  it  to  pre- 
cipitate one  gramme  of  silver,  while  we  should  require  only  1000.  We  shall  find  the 
quantity  of  concentrated  solution  of  sea  salt  that  we  should  add,  by  noting  that  the 
quantity  of  solution  of  sea  salt,  at  first  employed,  viz.  2279-3  grammes,  produced  a 
standard  of  only  987  thousandths=:1000 — 13;  and  by  using  the  following  proportion- 
987  :  2279-3  ::  13  :  x=30-02  grammes. 
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This  quantity  of  the  strong  solution  of  salt,  mixed  with  the  normal  solution  in  the 
drum,  will  correct  its  standard,  and  we  shall  now  see  by  how  much. 

After  having  washed  the  tubes  and  the  pipette  with  the  new  solution,  we  must 
repeat  the  experiment  upon  a  fresh  gramme  of  silver.  We  shall  find,  for  example,  in 
proceeding  onty  by  a  thousandth  at  a  time,  that  the  first  causes  a  precipitate,  but  not  the 
second.  The  standard  of  the  solution  is  still  too  weak,  and  is  comprised  between  1000 
and  1001 ;  that  is  to  say,  it  may  be  equal  to  1000^,  but  we  must  make  a  closer  approxi- 
mation. 

We  pour  into  the  test  bottle  2  thousandths  of  the  decime  solution  of  silver,  which  will 
destroy,  perceptibly,  two  thousandths  of  sea  salt,  and  the  operation  will  have  retrograded 
by  two  thousandths ;  that  is  to  say,  it  will  be  brought  back  to  the  point  at  which  it  was 
first  of  all.  If,  after  liaving  cleared  up  the  liquor,  we  add  half  a  thousandth  of  the  de- 
cime solution,  there  will  necessarily  be  a  precipitate,  as  we  knew  beforehand,  but  a  se- 
cond will  cause  no  turbidity.  The  standard  of  the  normal  liquor  will  be  consequently 
comprehended  between  1000  and  1000|,  or  equal  to  lOOOf. 

We  should  rest  content  with  this  standard,  but  if  we  wish  to  correct  it,  we  may 
remark  that  the  two  quantities  of  solution  of  salt  added,  viz.  2279-3  gr.  -J-  30-02  gr.= 
2309-32  gr.  have  produced  only  999-75  thousandths,  and  that  we  must  add  a  new 
quantity  of  it  corresponding  to  j  of  a  thousandth.     We  make,  therefore,  the  proportion 

999-75  :  2309-32  ::  0-25  :  x. 

But  since  the  first  term  difiers  very  little  Irom  1000,  we  may  content  ourselves  to 
have  X  by  taking  the  O-^^s  of  2309-32,  and  we  shall  find  0-577  gr.  for  the  quantity  of 
solution  of  sea  salt  to  be  added  to  the  normal  solution. 

It  is  not  convenient  to  take  exactly  so  small  a  quantity  of  solution  of  sea  salt  by  the 
balance,  but  we  shall  succeed  easily  by  the  following  process.  We  weigh  50  grammes 
of  this  solution,  and  we  dilute  it  with  water ;  so  that  it  occupies  exactly  half  a  litre,  or 
500  centimetres  cube.  A  pipette  of  this  solution,  one  centimetre  cube  in  volume,  wiU 
give  a  decigramme  of  the  primitive  solution,  and  as  such  a  small  pipette  is  divided  into 
twenty  drops,  each  drop,  for  example,  will  represent  5  milligrammes  of  the  solution.  We 
should  arrive  at  quantities  smaller  still  by  diluting  the  solution  with  a  proper  quantity 
of  water ;  but  greater  precision  would  be  entirely  needless. 

The  testing  of  the  normal  liquor  just  described,  is,  in  reality,  less  tedious  than  might 
be  supposed.  It  deserves  also  to  be  remarked,  that  liquor  has  been  prepared  for  more 
than  1000  assays ;  and  that,  in  preparing  a  fresh  quantity,  we  shall  obtain  directly  its  true 
standard,  or  nearly  so,  if  we  bear  in  mind  the  quantities  of  water  and  solution  of  salt 
which  had  been  employed. 

Correction  of  the  Standard  of  the  Normal  Solution  of  Sea  Salt,  when  the  Temperature 
changes. — We  have  supposed,  in  determining  the  standard  of  the  normal  solution  of  sea 
salt,  that  the  temperature  remained  uniform.  The  assays  made  in  such  cii  cumstances, 
have  no  need  of  correction ;  but  if  the  temperature  should  change,  the  same  measure  of 
the  solution  will  not  contain  the  same  quantity  of  sea  salt.  Supposing  that  we  have 
tested  the  solution  of  the  salt  at  the  temperature  of  15°  C. ;  if,  at  the  time  of  making  the 
experiment,  the  temperature  is  18°  C,  for  example,  the  solution  will  be  too  weak  on  ac- 
count of  its  expansion,  and  the  pipette  will  contain  less  of  it  by  weight ;  if,  on  the  con- 
trary, the  temperature  has  fallen  to  12°,  the  solution  will  be  thereby  concentrated  and 
will  prove  too  strong.  It  is  therefore  proper  to  determine  the  correction  necessary  to  be 
made,  fur  any  variation  of  temperature. 

To  ascertain  this  point,  the  temperature  of  the  solution  of  sea  salt  was  made  succes- 
sively to  be  0°,  5°,  10°,  15°,  20°,  25°,  and  30°  C. ;  and  three  pipettes  of  the  solution  were 
weighed  exactly  at  each  of  these  temperatures.  The  third  of  these  weighings  gave  the 
mean  weight  of  a  pipette.  The  corresponding  weights  of  a  pipette  of  the  solution,  were 
afterwards  graphically  interpolated  from  degree  to  degree.  These  weights  form  the  se- 
cond coluznn  of  the  following  table,  entitled,  Table  of  Correction  for  the  Variations  in  the 
Temperature  of  the  Norinal  Solution  of  the  Sea  Salt.  They  enable  us  to  correct  any  tem- 
perature between  0  and  30  degrees  centigrade  (32°  and  86°  Fahr.)  when  the  solution  of 
sea  salt  has  been  prepared  in  the  same  limits. 

Let  us  suppose,  for  example,  that  the  solution  has  been  made  standard  at  15°,  and 
that,  at  the  time  of  using  it,  the  temperature  has  become  18°.  We  see  by  the  second 
column  of  the  table,  that  the  weight  of  a  measure  of  the  solution  is  100-099  gr.  at  15°, 
and  100-065  at  18°;  the  difi'erence  0-034  gr.,  is  the  quantity  of  solution  less  which  has 
been  really  taken ;  and  of  course  we  must  add  it  to  the  normal  measure,  in  order  to 
make  it  equal  to  one  thousand  milliemes.  If  the  temperature  of  the  solution  had  fallen 
to  10  degrees,  the  difference  of  the  weight  of  a  measure  from  10  to  15  degrees  would  be 
0-019  gr.,  which  we  must  on  the  contrary  deduct  from  the  measure,  since  it  had  been  taken 
too  large.     These  differences  of  weight  of  a  measure  of  solution  at  15*,  from  that  of  a 
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measure  at  any  other  temperature,  form  the  column  15°  of  the  table,  where  they  are 
expressed  in  thousandths;  they  are  inscribed  on  the  same  horizontal  lines  as  the  tem- 
peratures to  which  each  of  them  relates,  with  the  sign  -f-  plus,  when  they  must  be  added, 
and  with  the  sign  —  mimis,  when  they  must  be  subtracted.  The  columns  5°,  10°,  20°, 
25°,  35°,  have  been  calculated  in  the  same  manner  for  the  cases  in  which  the  normal 
solution  may  have  been  graduated  to  each  of  these  temperatures.  Thus,  to  calculate  the 
column  10,  the  number  100-118  lias  been  taken  of  the  column  of  weights  for  a  term  of 
departure,  and  its  difference  from  all  the  numbers  of  the  same  column  has  been 
sought. 


Table  of  Correction  for  the  Variations  in  the  Temperature  of  the  Normal  Solution  of 

the  Sea  Salt. 


Temperature. 

Weight. 

5° 

10° 

15° 

20° 

25° 

30° 

erarii. 

mill. 

mill. 

mill. 

mill. 

mill. 

mill. 

4 

100,109 

0-0 

—  0-1 

- 

[-0-1 

- 

-0-7 

- 

-1-7 

-2-7 

5 

100,113 

0-0 

—  0-1 

- 

-0-1 

- 

-0-7 

- 

-1-7 

-2-8 

6 

100,115 

0-0 

0-0 

- 

-0-2 

- 

-0-8 

- 

-1-7 

-2-8 

7 

110,118 

-l-O-l 

0-0 

- 

-0-2 

- 

-0-8 

- 

-  1-7 

- 

-2-8 

8 

100,120 

_ 

UO-1 

0-0 

- 

-0-2 

- 

-0-8 

pl-8 

-2-8 

9 

100,120 

- 

-0-1 

0-0 

- 

-0-2 

- 

-0-8 

_ 

-1-8 

-2-8 

10 

100,118 

- 

rO-1 

0-0 

- 

-0-2 

_ 

-0-8 

_ 

-1-7 

- 

-2-8 

11 

100,116 

0-0 

0-0 

- 

-0-2 

_ 

-0-8 

_ 

-1-7 

_ 

-2-8 

12 

100,114 

0-0 

0-0 

- 

-0-2 

- 

-0-8 

- 

-1-7 

- 

-2-8 

13 

100,110 

0-0 

—  0-1 

- 

-0-1 

- 

rO-7 

- 

-1-7 

-2-7 

14 

100,106 

—  0-1 

—  0-1 

- 

-0-1 

+  0-7 

_ 

-1-6 

-2-7 

15 

100,099 

—  0-1 

—  0-2 

—  0-0 

+  0-6 
4-0-5 

_ 

-1-6 

-2-6 

16 

100,090 

—  0-2 

—  0-3 

—  0-1 

- 

-1-5 

-2-5 

17 

100,078 

—  0-4 

—  0-4 

—  0-2 

4-0-4 
-1-0-3 

- 

-1-3 

-2-4 

18 

100,065 

—  0-5 

—  0-5 

—  0-3 

- 

-  1-2 

-2-3 

19 

100,0.53 

—  0-6 

—  0-7 

—  0-5 

+  0-1 

- 

-  M 

_ 

-2-2 

20 

100,039 

—  0-7 

—  0-8 

—  0-6 

0-0 

_ 

-10 

- 

-2-0 

21 

100,021 

—  0-9 

—  1-0 

—  0-8 

—  0-2 

- 

-0-8 

-1-9 

22 

100,001 

—  M 

—  1-2 

—  1-0 

—  0-4 

_ 

-0-6 

-1-7 

23 

99,983 

—  1-3 

—  1-4 

—  1-2 

—  0-6 

_ 

-0-4 

-1-5 

24 

99,964 

—  1-5 

—  1-5 

—  1-4 

—  0-8 

_ 

-0-2 

- 

-1-3 

25 

99,944 

—  1-7 

—  1-7 

—  1-6 

—  1-0 

0-0 

_ 

-M 

26 

99,924 

—  1-9 

—  1-9 

—  1-8 

—  1-2 

—  0-2 

-0-9 

27 

99,902 

—  2-1 

—  2-2 

—  2-0 

—  1-4 

—  0-4 

-0-7 

28 

99,879 

—  2-3 

—  2-4 

—  2-2 

—  1-6 

-0-7 

-0-4 

29 

99,858 

—  2-6 

—  2-6 

—  2-4 

—  1-8 

—  0-9 

-0-2 

30 

99,836 

—  2-8 

—  2-8 

—  2-6 

—  2-0 

—  M 

0-0    1 

Several  expedients  have  been  employed  to  facilitate  and  abridge  the  manipulations.  In 
the  first  place,  the  vials  for  testing  or  assaying  the  specimens  of  silver  should  all  be  of 
the  same  he^eht  and  of  the  same  diameter.  They  should  be  numbered  at  their  top,  as  well 
as  on  their  stoppers,  in  the  order  1,  2,  3,  &c.  They  may  be  ranged  successively  in  tens ; 
the  stoppers  of  the  same  series  being  placed  on  a  support  in  their  proper  order.  Each  two 
vials  should,  in  their  turn,  be  placed  in  a  japanned  tin  case  {fi^.  90),  with  ten  compart- 
ments duly  numbered.  These  compartments  are  cut  out  anteriorly  to  about  half  their 
height,  to  allow  the  bottoms  of  the  bottles  to  be  seen.  When  each  vial  has  received  its 
portion  of  alloy,  through  a  wide-beaked  funnel,  there  mn«t  be  poured  into  it  about  10 
grammes  of  nitric  acid,  of  specific  gravity  1-28,  with  a  pipette,  containing  that  quantity; 
it  is  then  exposed  to  the  heat  of  a  water  bath,  in  order  to  facilitate  Ihe  solution  of  the 
alloy.  The  water  bath  is  an  oblong  vessel  made  of  tin  plate,  intended  to  receive  the 
vials.  It  has  a  moveable  double  bottom,  pierced  with  small  holes,  for  the  purpose  of  pre- 
venting the  vials  being  broken,  as  it  insulates  them  from  the  bottom  to  which  the  heat  is 
applied.  The  solution  is  rapid ;  and,  since  it  emits  nitrous  vapors  in  abundance,  it  ought 
to  be  carried  on  under  a  chimney. 

The  agitator. — Fig.  91  gives  a  sufficiently  exact  idea  of  it,  and  may  dispense  with  a 
lengthened  description.  It  has  ten  cylindrical  compartments,  numbered  from  1  to  10. 
The  vials,  after  the  solution  of  the  alloj^,  are  arranged  in  it  in  the  order  of  their  num- 
bers. The  agitator  is  then  placed  within  reach  of  the  pipette,  intended  to  measure  out 
the  normal  solution  of  sea  salt,  and  a  pipette  full  of  this  solution  is  put  in  each  vial. 
Each  is  then  closed  with  its  glass  stopper,  previously  dipped  in  pure  water.  They  are 
fixed  in  the  cells  of  the  agitator  by  wooden  wedges.     The  agitator  is  then  suspended 
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to  a  spring  R,  and,  seizing  it   with  the  two  hands,  the  operator  gives  an  alternating 
rapid  movement,  which  agitates  the   solution,  and  makes  it,  in   less  than  a  minute,  as 

limpid  as  water.  This  movement 
is  promoted  by  a  spiral  spring,  B, 
fixed  to  the  agitator  and  the  ground, 
but  this  is  seldom  made  use  of,  be- 
cause it  is  convenient  to  be  able  lo 
transport  the  agitator  from  one  place 
to  another.  When  the  agitation  is 
finished,  the  wedges  are  to  be  taken 
out,  and  the  vials  are  placed  in  order 
upon  a  table  furnished  with  round 
cells  destined  to  receive  them,  *nd  to 
screen  them  from  too  free  a  light. 

When  we  place  the  vials  upon  this 
table,  we  must  give  them  a  brisk  cir- 
cular motion,  to  collect  the  chloride 
of  silver  scattered  round  their  sides ; 
we  must  lift  out  their  stoppers,  and 
suspend  them  in  wire  rings,  or  pincers. 
We  next  pour  a  thousandth  of  the 
decime  solution  into  each  vial ;  and 
before  this  operation  is  terminated, 
there  is  formed  in  the  first  vials, 
when  there  should  be  a  precipitate,  a 
nebulous  stratum,  very  well  marked, 
of  about  a  centimetre  in  thickness. 

At  the  back  of  the  table  there  is  a 
black  board  divided  into  compart- 
ments numbered  from  1  to  10,  upon 
each  of  which  we  mark,  with  chalk, 
the  thousandths  of  the  decime  liquor 
put  into  the  correspondent  vial. ,  The 
thousandths  of  sea  salt,  which  indicate 
an  augmentation  of  standard,  are  pre- 
ceded by  the  sign  -\-,  and  the  thou- 
sandihs  of  nitrate  of  silver  by  the  sign  — . 

When  the  assays  are  finished,  the  liquor  of  each  vial  is  to  be  poured  into  a  large 
vessel,  in  which  a  slight  excess  of  sea  salt  is  kept  ;  and  when  it  is  full,  the  supernatant 
clear  liquid  must  be  run  oii'with  a  syphon. 

The  chloride  of  silver  may  be  reduced  without  any  perceptible  loss.  After  having 
washed  it  well,  we  immerse  pieces  of  iron  or  zinc  into  it,  and  add  sulphuric  acid  in  suffi- 
cient quantity  to  keep  up  a  feeble  disengagement  of  hydrogen  gas.  The  mass  must  not 
be  touched.  In  a  few  days  the  silver  is  completely  reduced.  This  is  easily  recognised 
by  the  color  and  nature  of  the  product ;  or  by  treating  a  small  quantity  of  it  with 
water  of  ammonia,  we  shall  see  whether  there  be  any  chloride  unreduced  ;  for  it  will 
be  dissolved  by  the  ammonia,  and  will  afterwards  appear  upon  saturating  the  ammonia 
with  an  acid.  The  chlorine  remains  associated  with  the  ii-on  or  the  zinc  in  a  state 
of  solution.  The  first  washings  of  the  reduced  silver  must  be  made  with  an  acidulous 
water,  to  dissolve  the  oxyde  of  iron  which  may  have  been  formed,  and  the  other  washings 
with  common  water.  After  decanting  the  water  of  the  last  washing,  we  dry  the  mass, 
and  add  a  little  powdered  borax  to  it.  It  must  be  now  fused.  The  silver  being  in  a 
bulky  powder,  is  to  be  put  in  successive  portions  into  a  crucible  as  it  sinks  down.  The 
heat  should  be  at  first  moderate ;  but  towards  the  end  of  the  operation  it  must  be  pretty 
strong  to  bring  into  complete  fusion  the  silver  and  the  scoriae,  and  to  effect  their 
complete  separation.  In  case  it  should  be  supposed  t^at  the  whole  of  the  silver  had 
not  been  reduced  by  the  iron  or  zinc,  a  little  carbonate  of  potash  should  be  added  to  the 
borax.  The  silver  may  also  be  reduced  by  exposing  the  chloride  to  a  strong  heat,  in 
contact  with  chalk  and  charcoal. 

The  following  remarks  by  M.  Gay  Lussac,  the  author  of  the  above  method,  upon  the 
effect  of  a  little  mercury  in  the  humid  assay,  are  important : — 

It  is  well  known  that  chloride  of  silver  blackens  the  more  readily  as  it  is  exposed 
to  an  intense  light,  and  that  even  in  the  diffused  light  of  a  room,  it  becomes  soon 
sensibly  colored.  If  it  contains  four  to  five  thousandths  of  mercury,  it  does  not  blacken ; 
It  remains  of  a  dead  white :  with  three  thousandths  of  mercury,  there  is  no  marked 
discoloring  in  diffused  light;  with  two  thousandths  it  is  slight;  with  one  it  is  much 
more  marked,  but  still  it  is  much  less  intense  than  with  pure  chloride.     With  half  a 
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thousandth  of  mercury  the  difference  of  color  is  not  remarkable,  and  is  perceived  only 
in  a  very  moderate  light. 

But  when  the  quantity  of  mercury  is  so  small  that  it  cannot  be  detected  by  the 
difference  of  color  in  the  chloride  of  silver,  it  may  be  rendered  quite  evident  by  a  very 
simple  process  of  concentration.  Dissolve  one  gramme  of  the  silver  supposed  to  contain 
J  of  a  thousandth  of  mercury,  and  let  only  f  of  it  be  precipitated,  by  adding  only  |  of 
the  common  salt  necessary  to  precipitate  it  entirely.  In  thus  operating,  the  J  thou- 
sandth of  mercury  is  concentrated  in  a  quantity  of  chloride  of  silver  four  times  smaller: 
it  is  as  if  the  silver  having  been  entirely  precipitated,  four  times  as  much  mercurj', 
equal  to  two  thousandths,  had  been  precipitated  with  it. 

In  taking  two  grammes  of  silver,  and  precipitating  only  |  by  common  salt,  the 
precipitate  would  be,  with  respect  to  the  chloride  of  silver,  as  if  it  amounted  to  four 
thousandths.  By  this  process,  which  occupies  only  five  minutes,  because  exact  Aveighing 
is  not  necessary,  J    of  a  thousandth  of  mercury  may  be  detected  in  silver. 

It  is  not  useless  to  observe,  that  in  making  those  experiments  the  most  exact  manner 
of  introducing  small  quantities  of  mercury  into  a  solution  of  silver,  is  to  Aveigh  a  minute 
globule  of  mercury,  and  to  dissolve  it  in  nitric  acid,  diluting  the  solution  so  thnl  it 
may  contain  as  many  cubic  centimetres  as  the  globule  weighs  of  centigrammes.  Each 
cubic  centimetre,  taken  by  means  of  a  pipette,  will  contain  one  milligramme  of 
mercurj'. 

If  the  ingot  of  silver  to  be  assayed  is  found  to  contain  a  greater  quantity  of  mercurj, 
one  thousandth  for  example,  the  humid  process  ought  either  to  be  given  up  in  th  s 
case,  or  to  be  compared  with  cupellation. 

When  the  silver  contains  meicury,  the  solution  from  which  the  mixed  chlorides  are 
precipitated  does  not  readily  become  clear. 

Silver  containing  mercury,  put  into  a  small  crucible  and  mixed  with  lamp-black, 
to  prevent  the  volatilization  of  the  silver,  was  heated  for  three  quarters  of  an  hour 
in  a  muffle,  but  the  silver  increased  sensibly  in  Aveight.  This  process  for  separating  the 
mercury,  therefore,  failed.  It  is  to  be  observed,  that  mercury  is  the  only  metal  which 
has  thus  the  poAA^er  of  disturbing  the  analysis  by  the  humid  way. 

Assaying  of  Gold. — In  estimating  or  expressing  the  fineness  of  gold,  the  whole 
mass  spoken  of  is  supposed  to  Aveigh  24  carats  of  12  grains  each,  either  real,  or  merely 
proportional,  like  the  assayer's  Aveights  ;  and  the  pure  gold  is  called  fine.  Thus,  if 
gold  be  said  to  be  23  carats  fine,  it  is  to  be  understood,  that  in  a  mass,  Aveighing 
24  carats,  the  quantity  of  pure  gold  amounts  to  23  carats. 

In  such  small  Avork  as  cannot  be  assayed  by  scraping  off  a  part  and  cupelling  it, 
the  assayers  endeavor  to  ascertain  its  fineness  or  quality  by  the  touch.  This  is  a 
method  of  comparing  the  color  and  other  properties,  of  a  minute  portion  of  the 
metal,  Avith  those  of  small  bars,  the  composition  of  which  is  knoAvn.  These  bars  are 
called  touch  needles,  and  they  are  rubbed  upon  a  smooth  piece  of  black  basnltes  or 
pottery,  Avhich,  for  this  reason,  is  called  the  touchstone.  Black  flint  slate  Avill  serA-e 
the  same  purpose.  Sets  of  gold  needles  may  consist  of  pure  gold;  of  pure  gold,  23-^ 
carats  Avith  \  carat  of  silver ;  23  carats  of  gold  with  one  carat  of  silver;  22h  carats  of 
gold  Avith  1|  carat  of  silver ;  and  so  on,  till  the  silver  amounts  to  four  carats;  after 
which  the  additions  may  proceed  by  whole  carats.  Other  needles  may  be  made  in  the 
same  manner,  Avith  copper  instead  of  silver ;  and  other  sets  may  have  ilie  addition, 
consisting  either  of  equal  parts  of  silver  and  copper,  or  of  such  proportions  as  the 
occasions  of  business  require.  The  examination  by  the  touch  may  be  advantageously 
employed  previous  to  quartation,  to  indicate  the  quantity  of  silver  necessary  to  be 
added. 

In  foreign  countries,  where  trinkets  and  small  work  are  required  to  be  submitted  to 
the  assay  of  the  touch,  a  variety  of  needles  is  necessary  ;  but  they  are  not  much  used 
in  England.  They  afford,  however,  a  degree  of  information  Avhich  is  more  considerable 
than  might  at  first  be  expected.  The  attentive  assayer  compares  not  only  the  color  of 
the  stroke  made  upon  the  touchstone  by  the  metal  under  examination,  with  that  produced 
by  his  needle,  but  will  likcAvise  attend  to  the  sensation  of  roughness,  drA-ness,  smooth- 
ness, or  greasiness,  Avhich  the  texture  of  the  rubbed  metal  excites,  when  abraded  by  the 
stone.  When  two  strokes  perfectly  alike  in  color  are  made  upon  the  stone,  he  may 
then  Avet  them  with  aquafortis,  Avhich  will  affect  them  very  diflerently.  if  they  be  not 
similar  compositions  ;  or  the  stone  itself  may  be  made  red-hot  by  the  fire,  or  by  the  blow- 
pipe, if  thin  black  pottery  be  used ;  in  Avhich  case  the  phenomena  of  oxydation  Avill  differ 
according  to  the  nature  and  quantity  of  the  alloy.  Six  principal  circumstances  appear 
to  affect  the  operation  of  parting;  namely,  the  quantity  of  acid  used  in  parting,  or  in 
the  first  boiling  ;  the  concentration  of  this  acid ;  the  time  employed  in  its  application  ; 
the  quantity  of  acid  made  use  of  in  the  reprise,  or  second  operation  ;  its  concentration ; 
and  the  time  during  Avhich  it  is  applied.  From  experiment  it  has  been  shown,  tnat 
eacli  of  these  unfavorable  circumstances  might  easily  occasion  a  loss  of  from  the  half  of 
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a  thirty-second  part  of  a  carat,  to  two  tliirty-second  parts.  The  assayers  explain  their 
technical  language  by  observing,  that  in  the  whole  mass  consisting  of  twenty-four  carats, 
this  thirty-second  part  denotes  l-768th  part  of  the  mass.  It  may  easily  be  conceived, 
therefore,  that  if  the  whole  six  circumstances  were  to  exist,  and  be  productive  of  errors, 
falling  the  same  way,  the  loss  would  be  very  considerable. 

It  is  tiierefore  indispensably  necessary,  that  one  uniform  process  should  be  followed 
in  the  assays  of  gold  ;  and  it  is  a  matter  of  astonishment,  that  such  an  accurate  process 
should  not  have  been  prescribed  by  government  for  assayers,  in  a.n  operation  of  such 
great  commercial  importance,  instead  of  every  one  being  left  to  follow  his  own 
judgment.  The  process  recommended  in  the  old  French  official  report  is  as  follows  : — 
twelve  grains  of  the  gold  intended  to  be  assayed  must  be  mixed  with  thirty  grains  of 
fine  silver,  and  cupelled  with  108  grains  of  lead.  The  cupellation  must.be  carefully 
attended  to,  and  all  the  imperfect  buttons  rejected.  When  the  cupellation  is  ended,  the 
button  must  be  reduced,  by  lamination,  into  a  plate  of  1|  inchesj^or  rather  more,  in 
length,  and  four  or  five  lines  in  breadth.  This  must  be  rolled  qp  upon  a  quill,  and 
placed  in  a  matrass  capable  of  holding  about  three  ounces  of  liquid,  when  filled  up  to 
its  narrow  part.  Two  ounces  and  a  half  of  very  pure  aquafortis,  of  the  strength  of  20 
degi-ees  of  Baume's  areometer,  must  then  be  poured  upon  it ;  and  the  matrass  being 
placed  upon  hot  ashes,  or  sand,  the  acid  must  be  kept  gently  boiling  for  a  quarter  of  an 
hour :  the  acid  must  then  be  cautiously  decanted,  and  an  additional  quantity  of  I5 
ounces  must  be  poured  upon  the  metal,  and  slightly  boiled  for  twelve  minutes.  This 
being  likewise  carefully  decanted,  the  small  spiral  piece  of  metal  must  be  washed  with 
filtered  river  water,  or  distilled  water,  by  filling  the  matrass  with  this  fluid.  The 
vessel  is  then  to  be  reversed,  by  applying  the  extremity  of  its  neck  against  the  bottom 
of  a  crucible  of  fine  earth,  the  internal  surface  of  Avhich  is  very  smooth.  The  annealing 
must  now  be  made,  after  having  separated  the  portion  of  water  which  had  fallen  into 
the  crucible;  and,  lastlj',  the  annealed  gold  must  be  weighed.  For  the  certainty  of 
this  operation,  two  assays  must  be  made  in  the  same  manner,  together  with  a  third  as- 
say upon  gold  of  twenty-four  carats,  or  upon  gold  the  fineness  of  which  is  perfectly  and 
generally  known. 

No  conclusion  must  be  drawn  from  this  assay,  unless  the  latter  gold  should  prove  to 
be  of  the  fineness  of  twenty-four  carats  exactly,  or  of  its  known  degree  of  fineness;  for, 
if  there  be  either  loss  or  surplus,  it  may  be  inferred  that  the  other  two  assays,  having 
undergone  the  same  operation,  must  be  subject  to  the  same  error.  The  operation  being 
made  according  to  this  process  by  several  assayers,  in  circumstances  of  importance,  such 
as  those  which  relate  to  large  fabrications,  the  fineness  of  the  gold  must  not  be  depended 
upon,  nor  considered  as  accurately  known,  unless  all  the  assayers  have  obtained  a  uni- 
form result,  without  communication  with  each  other.  This  identity  must  be  considered  as 
referring  to  the  accuracy  of  half  the  thirty-second  part  of  a  carat.  For,  notwithstanding 
every  possible  precaution  or  uniformity,  it  very  seldom  happens  that  an  absolute  agree- 
ment is  obtained  between  the  different  assays  of  one  and  the  same  ingot ;  because  the 
ingot  itself  may  differ  in  its  fineness  in  different  parts  of  its  mass. 

The  phenomena  of  the  cupellation  of  gold  are  the  same  as  of  silver,  only  the  ope- 
ration is  less  delicate,  for  no  gold  is  lost  by  evaporation  or  penetration  into  the  bone- 
ash,  and  therefore  it  bears  safely  the  highest  heat  of  the  assay  furnace.  The  button 
of  gold  never  vegetates,  and  need  not  therefore  be  drawn  out  to  the  front  of  the  mufl3e, 
but  may  be  left  at  the  further  end  till  the  assay  is  complete.  Copper  is  retained  more 
strongly  by  gold  than  it  is  by  silver;  so  that  with  it  16  parts  of  lead  are  requisite  to 
sweat  out  1  of  copper  ;  or,  in  general,  twice  as  much  lead  must  be  taken  for  the  copper 
alloys  of  gold,  as  for  those  of  silver.  When  the  copper  is  alloyed  with  very  small  quan- 
tities of  gold,  cupellation  would  afford  very  uncertain  results;  we  must  then  have  re- 
course to  liquid  analysis. 

M.  Vauquelin  recommends  to  boil  60  parts  of  nitric  acid  at  22°  Baume,  on  the  spiral 
slip  or  cornet  of  gold  and  silver  alloy,  for  twenty-five  minutes,  and  replace  the  liquid 
afterwards  by  acid  of  32°,  which  must  be  boiled  on  it  for  eight  minutes.  This  process 
is  free  from  uncertainty  when  the  assay  is  performed  upon  an  alloy  containing  a  con- 
siderable quantity  of  copper.  But  this  is  not  the  case  in  assaying  finer  gold  ;  for  then 
a  little  silver  always  remains  in  the  gold.  The  surcharge  which  occurs  here  is  2  or  3 
thousandths ;  this  is  too  much,  and  it  is  an  intolerable  error  when  it  becomes  greater, 
which  often  happens.  This  evil  may  be  completely  avoided  by  employing  the  following 
process  of  M.  Chaudet.  He  takes  0*500  of  the  fine  gold  to  be  assayed ;  cupels  it  with 
r500  of  silver,  and  1-000  of  lead;  forms,  with  the  button  from  the  cupel,  a  riband  or 
strip  three  inches  long,  which  he  roUs  into  a  cornet.  He  puts  this  into  a  matrass  with 
acid  at  22°  B.,  which  he  boils  for  3  or  4  minutes.  He  replaces  this  by  acid  of  32°  B.,  and 
boils  for  ten  minutes ;  then  decants  off,  and  boils  again  with  acid  of  32°,  which  must  be 
finally  boiled  for  8  or  10  minutes. 

Gold  thus  treated  is  very  pure.    He  washes  the  cornet,  and  puts  it  entire  into  a  small 
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crucible  permeable  to  water ;  heats  the  crucible  to  dull  redness  under  the  muffle,  wlien 
the  gold  assumes  the  metallic  lustre,  and  the  cornel  becomes  solid.  It  is  now  taken  out 
of  the  crucible  and  weighed. 

When  the  alloy  contains  platinum,  the  assay  presents  greater  difficulties.  In  general, 
to  separate  the  platinum  from  the  gold  with  accuracy,  we  must  avail  ourselves  of  a  pe- 
ciriiar  property  of  platinum  ;  when  alloyed  with  silver,  it  becomes  soluble  in  nitric  acid. 
Therefore,  by  a  proper  quartalion  of  the  alloy  by  cupellation,  and  boiling  the  button  with 
nitric  acid,  we  may  get  a  residuum  of  pure  gold.  If  we  were  to  treat  the  button  with 
sulphuric  acid,  however,  we  should  dissolve  nothing  but  the  silver.  The  copper  is  easily 
removed  by  cupellation.  Hence,  supposing  that  we  have  a  quaternary  compound  of  cop- 
per, silver,  platinum,  and  gold,  we  first  cupel  it,  atid  weigh  the  button  obtained ;  the  loss 
denotes  the  copper.  This  button,  treated  by  sulphuric  acid,  will  sutler  a  loss  of  weight 
equal  to  the  amount  of  silver  present.  The  residuum,  by  quartation  with  silver  and  boil- 
ing with  nitric  acid,  will  part  with  its  platinum,  and  the  gold  will  remain  pure.  For 
more  detailed  explanations,  see  Platinum. 

ATO.MIC  WEIGHTS  or  ATOMS,  are  the  primal  quantities  in  which  the  different 
objects  of  chemistry,  simple  or  compound,  combine  with  each  other,  referred  to  a  common 
body,  taken  as  unity.  Oxygen  is  assumed  by  some  philosophers,  and  hydrogen  by  others, 
as  the  standard  of  comparison.  Every  chemical  manufacturer  should  be  thoroughly  ac- 
quainted with  the  combining  ratios,  which  are,  for  thesataetwo  substances,  not  only  defi- 
nite, but  multiple;  two  great  truths,  upon  which  are  founded  not  merely- the  rationale  of 
his  operations,  but  also  the  means  of  modifying  them  to  useful  purposes.  The  discus- 
sion of  the  doctrine  of  atomic  weights,  or  prime  equivalents,  belongs  to  pure  chemistry ; 
but  several  of  its  happiest  applications  are  to  be  found  in  the  processes  of  art,  as  pursued 
upon  the  greatest  scale.  For  many  instructive  examples  of  this  proposition,  the  various 
chemical  manufactures  may  be  consulted  in  this  Dictionary. 

ATTAR  OF  ROSES.     See  Oils,  Volatile,  and  Perfumery. 

AURUM  MUSIVUM.     Mosaic  gold,  a  preparation  of  tin  ;  which  see. 

AUTOMATIC,  a  term  which  I  have  employed  to  designate  such  economic  arts  as 
are  carried  on  by  self-acting  machinery.  The  word  "  manufacture,"  in  its  etymological 
sense,  means  any  system,  or  objects  of  industry,  executed  by  the  hands ;  but  in  the 
vicissitude  of  language,  it  has  now  come  to  signify  every  extensive  product  of  art  which 
is  made  by  machinery,  with  little  or  no  aid  of  the  human  ham),  so  that  the  most  perfect 
manufacture  is  that  which  dispenses  entirely  with  manual  labor.*  It  is  in  our  modern 
cotton  and  flax  mills  that  automatic  operations  are  displayed  to  most  advantage  ;  for 
there  the  elemental  powers  have  been  made  to  animate  millions  of  complex  organs, 
infusing  into  forms  of  wood,  iron,  and  brass,  an  intelligent  agency.  And  as  the 
philosophy  of  the  fine  arts,  poetry,  painting,  and  music,  may  be  best  studied  in  their 
individual  master-pieces,  so  may  the  philosophy  of  manufactures  in  these  its  noblest 
creations.f 

The  constant  aim  and  eflect  of  these  automatic  improvements  in  the  arts  are  philan- 
thropic, as  they  tend  to  relieve  the  workmen  eilher  from  niceties  of  adjustment,  which 
exhaust  his  mind  and  fatigue  his  eyes,  or  from  painful  repetition  of  efl'ort,  which  distort 
and  wear  out  his  frame.  A  weU-arrangcd  power-mill  combines  the  operation  of  many 
work-people,  adult  and  young,  in  tending  with  assiduous  skill  a  system  of  productive 
machines  continuously  impelled  by  a  central  force.  How  vastly  conducive  to  the 
commercial  greatness  of  a  nation,  and  the  comforts  of  mankind,  human  industry  can 
become,  when  no  lonsrer  proportioned  in  its  results  to  muscular  effort,  which  is  by  its 
nature  fitful  and  capricious,  but  when  made  to  consist  in  the  task  of  guiding  the  work 
of  mechanical  fingers  and  arms  regularly  impelled,  with  e(iual  precision  and  velocity, 
by  some  indefatigable  physical  agent,  is  apparent  to  every  visiter  of  our  cotton,  flax, 
silk,  wool,  and  machine  factories.  This  great  era  in  the  useful  arts  is  mainly  due  to 
the  genius  of  Arkwright.  Prior  to  the  introduction  of  his  system,  manufactures  were 
everywhere  feeble  and  fluctuating  in  their  development ;  shooting  forth  luxuriantly  for 
a  season,  and  again  withering  almost  to  the  roots  like  annual  plants.  Their  perennial 
growth  then  be?an,  and  attracted  capital,  in  copious  streams,  to  irrigate  the  rich  domains 
of  industry.  When  this  new  career  commenced,  about  the  year  1770,  the  annual 
consumption  of  cotton  in  British  manufactiu-es  was  under  four  millions  of  pounds 
weight,  and  that  of  the  whole  of  Christendom  was  probably  not  more  than  ten  millions. 
Last  year  the  consumption  in  Great  Britain  and  Ireland  was  about  two  hundred  and 
seventy  millions  of  pounds,  and  that  of  Europe  and  the  United  States  together,  four 
hundred  and  eighty  midions.  In  our  spacious  factory  apartments  the  benignant  power 
of  steam  summons  around  him  his  myriads  of  willing  menials,  and  assigns  to  each  the 
regulated  task,  substituting,  for  painful  muscular  eflfort  upon  their  part,  the  energies 
of  his  own  gigantic  arm,  and  demanding,  in  return,  only  attention  and  dexterity  to 
correct  such  little  aberrations  as  casually  occur  in  his  workmanship.  Under  his  auspices, 
♦Philosophy  of  Manufactures,  p.  1.  t  Ibid,,  p.  2  . 
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and  in  obedience  to  Arkwright's  polity,  magnificent  edifices,  surpassing  far  in  number, 
value,  usefulness,  and  ingenuity  of  construction,  the  boasted  monuments  of  Asiatic, 
Egyptian,  and  Roman  despotism,  have,  within  the  short  period  of  fifty  years,  risen  up 
in  this  kingdom,  to  show  to  what  extent  capital,  industry,  and  science,  may  augment 
the  resources  of  a  state,  while  they  meliorate  the  condition  of  its  citizens.  Such  is  the 
automatic  system,  replete  with  prodigies  in  mechanics  and  political  economy,  which 
promises,  in  its  future  growth,  to  become  the  great  minister  of  civilization  to  the  ter- 
raqueous globe,  enabling  this  country,  as  its  heart,  to  diffuse,  along  with  its  commerce, 
the  life-blood  of  knowledge  and  religion  to  myriads  of  people  still  lying  "  in  the  region 
and  shadow  of  death."*  Of  these  truths,  the  present  work  affords  decisive  evidence  in 
almost  every  page.  ^ 

AUTOMATON.  In  the  etymological  sense,  this  word  (self-working)  signifies  every 
mechanical  construction  which,  by  virtue  of  a  latent  intrinsic  force,  not  obvious  to  com- 
mon eyes,  can  carry  on,  for  some  time,  certain  movements  more  or  less  resembling  the 
results  of  animal  exertion,  without  the  aid  of  external  impulse.  In  this  respect,  all  kinds 
of  clocks  and  watches,  planetariums,  common  and  smoke  jacks,  with  a  vast  number  of  the 
machines  now  employed  in  our  cotton,  silk,  flax,  and  wool  factories,  as  well  as  in  our 
dyeing  and  calico  printing  works,  may  be  denominated  automatic.  But  the  term,  auto- 
maton, is,  in  common  language,  appropiiated  to  that  class  of  mechanical  artifices  in  which 
the  purposely  concealed  power  is  made  to  imitate  the  arbitrary  or  voluntary  motions  of 
living  beings.  Human  figures,  of  this  kind,  are  sometimes  styled  ^ndroides,  from  the 
Greek  term,  like  a  man. 

Although,  from  what  we  have  said,  clock-work  is  not  properly  placed  under  the 
head  automaton,  it  cannot  be  doubted  that  the  art  of  making  clocks,  in  its  prosressive 
improvement  and  extension,  has  given  rise  to  the  production  of  automata.  The  most 
of  these,  in  their  interior  structure,  as  well  as  in  the  mode  of  applying  the  moving 
power,  have  a  distinct  analogy  with  clocks  ;  and  these  automata  are  frequently  mounted 
in  connexion  with  watch  work.  Towards  the  end  of  the  13th  century,  several  tower 
clocks,  such  as  those  at  Strasburg,  Lubec,  Prague,  Olmutz,  had  curious  mechanisms 
attached  to  them.  The  most  careful  historical  inquiry  proves  that  automata,  properly 
speaking,  are  certainly  not  older  than  wheel- clocks;  and  that  the  more  perfect  struc- 
tures of  this  kind  are  subsequent  to  the  general  introduction  of  spriiig-clocks.  Many 
accounts  of  ancient  automata,  such  as  the  flying  doves  of  Archytas  of  Tarentum, 
Regiomontanus's  iron  flies,  the  eagle  which  flew  towards  the  emperor  Maximilian,  in 
Nuremburg,  in  the  year  1470,  were  deceptions,  or  exaggerated  statements;  for,  three  such 
masterpieces  of  art  would  form  now,  with  every  aid  of  our  improved  mechanisms,  the 
most  difficult  of  problems.  The  imitation  of  flying  creatures  is  extremely  difficult,  for 
several  reasons.  There  is  very  little  space  for  the  moving  power,  and  the  only  ma- 
terial possessed  of  requisite  strength  being  metal,  must  have  considerable  weight.  Two 
automata,  of  the  celebrated  French  mechanician,  Vaucauson,  first  exhibited  in  the  year 
1738,  have  been  greatly  admired ;  namely,  a  flute-player,  five  and  a  half  feet  high,  with 
its  cubical  pedestal,  which  played  several  airs  upon  the  German  flute;  and  that,  not  by 
any  interior  tube-work,  but  through  the  actual  blowing  of  air  into  the  flute,  the  motion 
of  the  tongue,  and  the  skilful  stopping  of  the  holes  with  the  fingers ;  as  also  a  duck, 
which  imitated  many  motions  of  a  natural  kind  in  the  most  extraordinary  manner. 
This  artist  has  had  many  imitators,  of  whom  the  brothers  Droz  of  Chaux  de  Fonds 
were  the  most  distinguished.  Several  very  beautiful  clock  mechanisms  of  theirs  are 
known.  One  of  them  with  a  figure  which  draws;  another  playing  on  the  piano;  a  third 
which  writes,  besides  numerous  other  combined  automata.  Frederick  Von  Knauss 
completed  a  writing  machine  at  Vienna,  in  the  year  1760.  It  is  now  in  the  model 
cabinet  of  the  Polytechnic  Institute,  and  consists  of  a  globe  2  feet  in  diameter,  con- 
taining the  mechanism,  upon  which  a  figure  7  inches  high  sits,  and  writes  upon  a  sheet 
of  paper  fixed  to  a  frame,  whatever  has  been  placed  beforehand  upon  a  regulating  cy- 
linder. At  the  end  of  every  line,  it  rises  and  moves  its  hand  sideways,  in  order  to  begin 
a  new  line. 

Very  complete  automata  have  not  been  made  of  late  years,  because  they  are  verj' 
expensive ;  and  by  soon  satisfying  curiosity,  they  cease  to  interest.  Ingenious  me- 
chanicians find  themselves  better  rewarded  by  directing  their  talents  to  the  self-acting 
machinery  of  modern  manufactures.  We  may  notice  here,  however,  the  mechanical 
trumpeter  of  Malzl,  at  Vienna,  and  a  similar  work  of  KauflTmann,  at  Dresden.  In 
French  Switzerland  some  artists  continue  to  make  minute  automata  which  excite  no 
little  wonder ;  such  as  singing  canary  birds,  with  various  movements  of  a  natural  kind ; 
also  little  birds,  sometimes  hardly  three  quarters  of  an  inch  long,  in  snuff-boxes  and 
watches  of  enamelled  gold.  Certain  artificial  figures  which  have  been  denominated 
automata,  hardly  deserve  the  name ;  since  trick  and  confederacy  are  more  or  less  con- 

*  Philosophy  of  Manufactures,  p.  18. 
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cerned  in  their  operation.  To  this  head  belong  a  number  of  figures  apparently  speaking 
by  mechanism;  a  clock  which  begins  to  strike,  or  to  play,  when  a  person  makes  a 
sign  of  holding  up  his  finger;  this  effect  being  probably  produced  by  a  concealed 
green-finch,  or  other  little  bird,  instructed  to  set  off  the  detente  of  the  wheel-work  at  a 
signal.  It  is  likely,  also,  that  the  chess  player  of  Von  Kempelen,  which  excited  so  much 
wonder  in  the  last  centurj-^,  had  a  concealed  confederate.  Likewise,  the  very  ingenious 
little  figures  of  Tendler,  father  and  son,  which  imitated  English  horsemen  and  rope-dan- 
cers, constructed  at  Eisenerz,  in  Styria,  are  probably  no  more  true  automata  than  the 
fantoccini,  or  figures  of  puppets  which  are  exhibited  in  great  perfection  in  many  towns  of 
Italy,  especially  at  Rome. 

The  moving  power  of  almost  all  automata  is  a  wound-up  steel  spring  ;  because  in  com- 
parison with  other  means  of  giving  motion,  it  takes  up  the  smallest  room,  is  easiest  con- 
cealed, and  set  a-going.  Weights  are  seldom  employed,  and  only  in  a  partial  way.  The 
employment  of  other  moving  powers  is  more  limited ;  sometimes  fine  sand  is  made  to  fall 
on  the  circumference  of  a  wheel,  by  which  the  rest  of  the  mechanism  is  moved.  For  the 
same  purpose  water  has  been  employed  ;  and,  when  it  is  made  to  fall  into  an  air-chamber, 
it  causes  sufficient  wind  to  excite  musical  sounds  in  pipes.  In  particular  cases  quicksil- 
ver has  been  used,  as,  for  example,  in  the  Chinese  tumblers,  which  is  only  a  physical  ap 
paratus  to  illustrate  the  doctrine  of  the  centre  of  gravity. 

Figures  are  frequently  constructed  for  playthings  which  move  by  wheels  hardly  visible 
An  example  of  this  simplest  kind  of  automaton  which  may  be  introduced  here,  as  illus- 
trating the  self-acting  principles  of  manufactures,  is  shown  in  the  figure. 

Fig.  92  exhibits  the  outlines  of  an  automaton,  representing  a  swan,  with  suitably 
combined   movements.     The   mechanism   may  be  described,  for  the  sake  of  clearness 

of  explanation,  under  dis- 
tinct heads.  The  first  relates 
to  the  motion  of  the  whole 
figure.  By  means  of  this 
part  it  swims  upon  the  water, 
in  directions  changed  from 
time  to  time  without  exterior 
agency.  Another  construc- 
tion gives  to  the  figure  the 
faculty  of  bending  its  neck  on 
several  occasions,  and  to 
such  an  extent  that  it  can 
plunge  the  bill  and  a  portion 
of  the  head  under  water. 
Lastly,  it  is  made  to  move 
its  head  and  neck  slowly 
from  side  to  side. 

On  the  barrel  of  the  spring, 
exterior  to  the  usual  ratchet 
wheel,  there  is  a  main-wheel,  marked  1,  which  works  into  the  pinion  of  the  wheel  2. 
The  wheel  2  moves  a  smaller  one,  shown  merely  in  dotted  lines,  and  on  the  long  axis 
of  the  latter,  at  either  end  there  is  a  rudder,  or  water-wheel,  the  paddles  of  which  are 
denoted  by  the  letter  a.  Both  of  these  rudder-wheels  extend  through  an  oblong 
opening  in  the  bottom  of  the  figure  down  into  the  water.  They  turn  in  the  direction 
of  the  arrow,  and  impart  a  straight-forward  movement  to  the  swan.  The  chamber, 
in  which  these  wheels  revolve,  is  made  water  tight,  to  prevent  moisture  beins  thrown 
upon  the  rest  of  the  machinery.  By  the  wheel  4,  motion  is  conveyed  to  the  fly-pinion  5  ; 
the  fly  itself  6,  serves  to  regulate  the  working  of  the  whole  apparatus,  and  it  is  provided 
with  a  stop  bar  not  shown  in  the  engraving,  to  bring  it  to  rest,  or  set  it  a-going  at 
pleasure.  Here,  as  we  may  imagine,  the  path  pursued  is  rectilinear,  when  the  rudder- 
wheels  are  made  to  work  in  a  square  direction.  An  oblique  bar,  seen  only  in  section 
at  b,  moveable  about  its  middle  point,  carries  at  each  end  a  web  foot  c,  so  that  the  direc- 
tion of  the  bar  b,  and  of  bolh  feet  towards  the  rudder  wheels,  determines  the  form  of 
the  path  which  the  figure  will  describe.  The  change  of  direction  of  that  oblique  bar 
is  efl'ected  without  other  agency.  For  this  purpose  the  wheel  1  takes  into  the  pinion  7, 
and  this  carries  round  the  crown-wheel  8,  which  is  fixed,  with  an  eccentric  disc  9,  upon 
a  common  axis.  While  the  crown-wheel  moves  in  the  direction  of  the  arrow,  it  turns 
the  smaller  eccentric  portion  of  the  elliptic  disc  towards  the  lever  m,  which,  pressed 
upon  incessantly  by  its  spring,  assumes,  by  degrees,  the  position  corresponding  with  the 
middle  line  of  the  figure,  and  afterwards  an  oblique  position  ;  then  it  goes  back  again, 
and  reaches  its  first  situation  ;  consequently,  through  the  reciprocal  turning  of  the  bar  h, 
and  the  swim-foot,  is  determined  and  varied  the  path  which  the  swan  must  pursue. 
This  construction  is  available  with  all  automata,  which  work  by  wheels ;  and  it  is  ob- 
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vious,  that  we  may,  by  different  forms  of  the  disc  9,  modify,  at  pleasure,  the  dii-ection 
and  the  velocity  of  the  turnings.  If  the  disc  is  a  circle,  for  instance,  then  the  changes 
will  lake  place  less  suddenly ;  if  the  disc  has  an  outward  and  inward  curvature,  upon 
wliose  edge  the  end  of  the  lever  presses  with  a  roller,  the  movement  will  take  place  in  a 
serpentine  line. 

The  neck  is  the  part  which  requires  the  most  careful  workmanship.  Its  outward  case 
must  be  flexible,  and  the  neck  itself  should  therefore  be  made  of  a  tube  of  spiral  wire, 
covered  with  leather,  or  with  a  feathered  bird-skin.  The  double  line  in  the  interior, 
where  we  see  the  triangles  e,  e,  e,  denotes  a  steel  spring  made  fast  to  the  plate  10,  which 
forms  the  bottom  of  the  neck ;  it  stands  loose,  and  needs  to  be  merely  so  strong  as  to 
keep  the  neck  straight,  or  to  bend  it  a  little  backwards.  It  should  not  be  equally 
thick  in  all  points,  but  it  should  be  weaker  where  the  first  graceful  bend  is  to  be  made ; 
and,  in  general,  its  stiffness  ought  to  correspond  to  the  curvature  of  the  neck  of  this  bird. 
The  triangles  e  are  made  fast  at  tlieir  base  to  the  front  surface  of  the  spring ;  in  the 
points  of  each  there  is  a  slit,  in  the  middle  of  which  a  moveable  roller  is  set,  formed  of  a 
smoothly  tui-ned  steel  rod.  A  thin  catgut  string/,  runs  from  the  upper  end  of  the 
spring,  where  it  is  fixed  over  all  these  rollers,  and  passes  through  an  aperture  pierced 
in  the  middle  of  10,  into  the  inside  of  the  rump.  If  the  catgut  be  drawn  straight 
back  towards  /,  the  spring,  and  consequently  the  neck,  must  obviously  be  bent, 
and  so  much  the  more,  the  more  tightly  /  is  pulled,  and  is  shortened  in  the  hollow  of 
the  neck.  How  this  is  accomplished  by  the  wheel-work  will  presently  be  shown.  The 
wheel  11  receives  its  motion  from  the  pinion  s,  connected  with  the  main-wheel  1. 
Upon  11  there  is,  moreover,  the  disc  12,  to  whose  circumference  a  slender  chain  is 
fastened.  When  the  wheel  11  turns  in  the  direction  of  the  arrow,  the  chain  will  be  so 
much  pulled  onwards  through  the  corresponding  advance  at  the  point  at  12,  till  this 
point  has  come  to  the  place  opposite  to  its  present  situation,  and,  consequently,  1 1  must 
have  performed  half  a  revolution.  The  other  end  of  the  chain  is  hung  in  the  groove 
of  a  very  moveable  roller  14;  and  this  will  be  turned  immediately  by  the  unwinding  of 
the  chain  upon  its  axis.  There  turns,  in  connexion  with  it,  however,  the  large  roller  13, 
to  which  the  catgut  /  is  fastened ;  and  as  this  is  pulled  in  the  direction  of  the  arrow, 
the  neck  will  be  bent  until  the  wheel  1 1  has  made  a  half  revolution.  Then  the  drag 
ceases  again  to  act  upon  the  chain  and  the  catgut ;  the  spring  in  the  neck  comes  into 
play :  it  becomes  straight,  erects  the  neck  of  the  animal,  and  turns  the  rollers  13  and 
14,  back  into  their  first  position. 

The  roller  13  is  of  considerable  size,  in  order  that  through  the  slight  motion  of  the 
roller  14,  a  sufficient  length  of  the  catgut  may  be  wound  off,  and  the  requisite  short- 
ening of  the  neck  may  be  effected ;  which  results  from  the  proportion  of  the  diameters 
of  the  rollers  11,  13,  and  14.  This  part  of  the  mechanism  is  attached  as  near  to  the 
side  of  the  hollow  body  as  possible,  to  make  room  for  the  interior  parts,  but  particularly 
for  the  paddle-wheels.  Since  the  catgut,/',  must  pass  downwards  on  the  middle  from 
10,  it  is  necessary  to  incline  it  sideways  and  outwards  towards  13,  by  means  of  some 
small  rollers. 

The  head,  constituting  one  piece  with  the  neck,  will  be  depressed  by  the  complete 
flexure  of  this  ;  and  the  bill,  being  turned  downwards  in  front  of  the  breast,  will  touch 
the  surface  of  the  water.  The  head  will  not  be  motionless ;  but  it  is  joined  on  both 
sides  by  a  very  moveable  hinge,  with  the  light  ring,  which  forms  the  upper  part  of  the 
clothing  of  the  neck.  A  weak  spring,  g,  also  fastened  to  the  end  of  the  neck,  tends  to 
turn  the  head  backwards ;  but  in  the  present  position  it  cannot  do  so,  because  a  chain 
at  g,  whose  other  end  is  attached  to  the  plate  10,  keeps  it  on  the  stretch.  On  the  bending 
of  the  neck,  this  chain  becomes  slack ;  the  spring  g  comes  into  operation,  and  throws 
the  head  so  far  back,  that,  in  its  natural  position,  it  will  reach  the  water. 

Finally,  to  render  the  turning  of  the  head  and  the  neck  practicable,  the  latter  is  not 
closely  connected  with  the  rump,  while  the  plate  10  can  turn  in  a  cylindrical  manner 
upon  its  axis,  but  cannot  become  loose  outwardly.  Moreover,  there  is  upon  the  axis  of 
the  wheel  1,  and  behind  it  (shown  merely  as  a  circle  in  the  engraving)  a  bevel  wheel, 
which  works  into  a  second  similar  wheel,  15,  so  as  to  turn  it  in  a  horizontal  direction. 
The  pin  16,  of  the  last  wheel,  works  upon  a  two-armed  lever  19,  moveable  round  the 
point  h,  and  this  lever  moves  the  neck  by  means  of  the  pin  17.  The  shorter  arm  of  the 
lever  19  has  an  oval  aperture  in  which  the  pin  16  stands.  As  soon  as  this,  in  con- 
sequence of  the  movement  of  the  bevel  wheel  15,  comes  into  the  dotted  position,  it  pushes 
the  oval  ring  outwards  on  its  smaller  diameter,  and  thereby  turns  the  lever  upon  the 
point  h,  into  the  oblique  direction  shown  by  the  dotted  lines.  The  pin  16,  having  come 
on  its  way  right  opposite  to  its  present  position,  sets  the  lever  again  straight.  Then  the 
lever,  by  the  further  progress  of  the  pin  in  its  circular  path,  is  directed  outwards  to  the 
opposite  side;  and,  at  last,  when  15  has  made  an  entire  revolution,  it  is  quite  straight. 
The  longer  arm  of  the  lever  follows,  of  course,  these  alternating  movements,  so  that  it 
turns  the  neck  upon  its  plate  10,  by  means  of  the  pin   17 ;  and,  as  18  denotes  the  bill, 
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this  comes  into  llie  dotted  position.  It  may  be  remarked  in  conclusion,  that  the 
drawing  of  Jig.  92  represents  about  half  the  size  of  which  the  automaton  may  be  con- 
structed, and  that  the  body  may  be  formed  of  thin  sheet-copper  or  brass. 

Figs.  93   94  95,  show  the  plan  of  a  third  automaton.     A  horse  which  moves  its  feet 


in  a  natural  way,  and  draws  a  carriage  with  two  figures  sitting  in  it.  The  man  appears 
to  drive  the  horse  with  a  whip ;  the  woman  bends  forward  from  him  in  front.  The 
four  wheels  of  the  carriage  have  no  connexion  with  the  moving  mechanism.  In  fig.  95, 
some  parts  are  represented  upon  a  larger  scale.  The  wheel  1,  in  fig.  93,  operates 
through  the  two  carrier  wheels  upon  the  wheels  marked  4  and  5.  By  means  of  the  axis 
of  these  two  wheels,  the  feet  are  set  in  motion.  The  left  fore-foot,  a,  then  the  right 
hinder  foot,  move  themselves  backwards,  and  take  hold  of  the  ground  with  small  tacks 
in  their  hoofs,  while  the  two  other  legs  are  bent  and  raised,  but  no  motion  of  the  body 
takes  place.  The  carriage,  however,  with  which  the  horse  is  connected,  advances  upon 
its  wheels.  By  studying  the  mechanism  of  the  foot,  a,  and  the  parts  connected  with  it, 
we  can  readily  understand  the  principles  of  the  movement.  The  axis  of  wheel  4  is 
crank-shaped  on  both  sides,  where  it  has  to  operate  directly  on  the  forefeet;  but  for 
each  foot,  it  is  bent  in  an  opposite  direction,  as  is  obvious  in  the  front  view  fig.  94. 
This  crank,  or  properly  its  part  furthest  from  the  axis,  serves  instead  of  the  pin  16,  in 
the  swan,  and  moves  like  it  in  an  oval  spot,  p,fig.  93,  a  tvo-armed  lever,  which  gives 
motion  through  tooth-work,  but  not  as  in  the  swan,  by  means  of  a  second  pin.  This  wheel- 
work  renders  the  motion  smoother.  The  above  lever  has  its  fulcrum  at  n,fig.  93,  about 
which  it  turns  alternately,  to  the  one  and  the  other  side,  by  virtue  of  the  rotation  of  the 
wheel  4.  The  toothed  arch,  or  the  half-wheel  on  the  under  side,  lays  hold  of  a  shorter 
lever,  in  a  similar  arch,  upon  the  upper  joint  of  the  foot,  ^hich  is  moved  forward  and 
backward  upon  the  pivot  m.  In  virtue  of  the  motions  in  the  direction  of  the  arrow, 
the  foot  a  will  move  itself  first  obliquely  backwards,  without  bending,  and  the  body 
will  thereby  bend  itself  forward.  When  the  right  hand  foot  makes  the  same  motion, 
both  the  other  feet  are  raised  and  bent.  The  joints  of  the  foot  at  d  and  e  are  formed 
of  hinges,  which  are  so  constructed  that  they  can  yield  no  farther  than  is  necessary  at 
evei-j-  oblique  position  of  the  foot.  With  the  continued*  rotation  of  the  wheel  4,  the 
lever  turns  itself  about  ?;.  in  an  inverted  direction  inwards,  and  impels  the  uppermost 
foot-joint  forward,  so  that  it  forms  an  acute  angle  with  the  body  in  front.  The  foot  is 
now  twice  bent  upon  its  joints.  This  takes  place  by  the  traction  of  the  chain  t,  which 
is  led  over  rollers  (as  the  drawing  shows)  to  the  foot,  and  is  there  fastened.  As  its 
upper  end  has  its  fixed  point  in  the  interior  of  the  body,  it  is  therefore  drawn  by 
the  eccentric  pin  V  standing  in  the  vicinity  of  rn,  and  thus  bends  the  foot  at  the 
hinges.  If  there  was  space  for  it,  a  roller  would  answer  better  than  a  pin.  By 
the  recedure  of  the  uppermost  joint  into  the  first  position,  the  tension  of  the  chain  t 
ceases  again  of  itself,  wliile  the  pin  r  removes  from  it,  and  the  foot  is  again  extended  in 
a  straight  line  by  the  small  springs  operating  upon  its  two  under  parts,  which  were 
previously  bent  stiffly  by  the  chain.  By  the  aid  of  the  figures,  with  this  explanation,  it 
will  be  apparent  that  all  the  fore  feet  have  a  similar  construction,  that  the  proper 
succession  of  motions  will  be  cfliected  through  the  toothed  arcs,  and  the  position  of  the 
cranks  on  the  axis  of  the  wheels  4  and  5,  and  hence  the  advance  of  the  figure  must 
follow.  The  wheel  6  puts  the  fly  7  in  motion,  by  means  of  the  small  wheel  marked  1 ; 
in   the  fixed   points  of  the  4   chains,  by  means  of  a   ratchet-wheel  and  a  catch,  the 
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necessary  tension  will  again  be  produced  when  the  chains  have  been  drawn  out  a  little. 
There  is  sufficient  room  for  a  mechanism  which  could  give  motion  to  the  head  and  ears, 
were  it  thought  necessary. 

The  proper  cause  of  the  motions  may  now  be  explained.  In^g.  95,  a  is  a  wheel  connect- 
ed witli  the  woimd-up  spring,  by  which  the  motion  of  the  two  human  figures,  and  also, 
if  desired,  that  of  the  horse  may  be  effected.  The  axis  of  the  wheel  b  carries  a  disc  with 
pins,  which  operate  upon  the  two-armed  lever  with  its  fulcrum  e,  and  thus  cause  the  bend- 
ing of  the  upper  part  of  one  of  the  figures,  which  has  a  hinge  at/.  On  the  axis  of  that 
wheel  there  is  a  second  disc  c,  for  giving  motion  to  the  other  figure  ;  which,  for  the  sake 
of  clearness,  is  shown  separate,  although  it  should  sit  alongside  of  its  fellow.  On  the 
upper  end  of  the  double-armed  lever  d,  there  is  a  cord  whose  other  end  is  connected  with 
the  moving  arm,  in  the  situation  i,  and  raises  it  whenever  a  pin  in  the  disc  presses  the 
under  part  of  the  lever.  A  spring  h  brings  the  arm  back  into  the  original  position, 
when  a  pin  has  passed  from  the  lever,  and  has  left  it  behind.  The  pins  at  c  and  d  may 
be  set  at  diflTerent  distances  fiom  the  middle  of  the  disc,  whereby  the  motions  of  the  fig- 
ures by  every  contact  of  another  pin  are  varied,  and  are  therefore  not  so  uniform,  and 
consequently  more  natural. 

For  the  connexion  of  both  mechanisms,  namely,  the  carriage  with  the  horse,  various 
arrangements  may  be  adopted.  Two  separate  traction  springs  should  be  employed ; 
one  at  a,  fig.  95,  in  the  coach-seat ;  the  other  in  the  body  of  the  horse.  In  the  coach- 
seat  at  b,  the  fly  with  its  pinion,  as  well  as  a  ratchet-wheel,  is  necessary.  By  means  of 
the  shaft,  the  horse  is  placed  in  connexion  with  the  wagon.  It  may,  however,  receive 
its  motion  from  the  sprinsr  in  the  carriage,  in  which  case  one  spring  will  be  sufficient. 
Upon  the  latter  plan  the  following  construction  may  be  adopted  : — To  the  axis  of  b, 
fig.  95.  a  bevel  wheel  is  to  be  attached,  and  from  this  the  motion  is  to  be  transmitted  to 
the  bottom  of  the  carria<?e  with  the  help  of  a  second  bevel  wheel  s,  connected  with  a 
third  bevel  wheel  t.  This  again  turns  the  wheel  u,  whose  long  axis  v  goes  to  the  middle 
of  the  horse's  body,  in  an  oblique  direction,  through  the  hollow  shaft.  This  axis  carries 
an  endless  screw  9,  fig.  93,  with  very  oblique  threads,  which  works  into  the  little  wheel 
8,  corresponding  to  the  wheel  1,  through  an  opening  in  the  side  of  the  horse,  and  in  this 
way  sets  the  mechanism  of  the  horse  a-going.  With  this  construction  of  fig.  95,  a  spring 
of  considerable  strength  is  necessary,  or  if  the  height  of  the  carriage-seat  does  not  aflbrd 
sufficient  room,  its  breadth  will  answer  for  placing  two  weaker  springs  along-side  of  each 
other  upon  a  common  barrel. 

AXE.  A  tool  much  used  by  carpenters  for  cleaving,  and  roughly  fashioning,  blocks 
of  wood.  It  is  a  fiat  iron  wedge,  with  an  oblong  steel  edge,  parallel  to  which,  in  the 
short  base,  is  a  hole  for  receiving  and  holding  fast  the  end  of  a  strons:  wooden  handle.  In 
the  cooper's  adze,  the  oblong  edge  is  at  right  angles  to  the  handle,  and  is  slightly  curved 
up,  or  inflected  towards  it. 

AXLES,  of  carriages;  for  their  latest  improvements,  see  Wheel  Carriages. 
AXUNGE.     Hog's  lard  ;  see  Fat  and  Oils. 

AZOTIZED,  said  of  certain  vegetable  substances,  which,  as  containing  azote,  were 
supposed  at  one  time  to  partake,  in  some  measure,  of  the  animal  nature ;  most  animal 
bodies  being  characterized  by  the  presence  of  much  azote  in  their  composition.  The 
vegetable  products,  indigo,  cafeinc,  gluten,  and  many  others,  contain  abundance  of 
azote. 

AZURE,  the  fine  blue  pigment,  commonly  called  smalt,  is  a  glass  colored  with  oxyde 
of  cobalt,  and  ground  to  an  impalpable  powder. 

The  manufacture  of  azure,  or  smalt,  has  been  lately  improved  in  Sweden,  by  the 
adoption  of  the  following  process  : — 

The  cobalt  ore  is  first  roasted  till  the  greater  part  of  the  arsenic  is  driven  off.  The 
residuary  impure  black  oxyde  is  mixed  with  as  much  sulphuric  acid  (concentrated)  as 
will  make  it  into  a  paste,  which  is  exposed  at  first  to  a  moderate  heat,  then  to  a  cherrj'- 
red  ignition  for  an  hour.  The  sulphate  thus  obtained  is  reduced  to  powder,  and  dis 
solved  in  water.  To  the  solution,  carbonate  of  potash  is  gradually  added,  in  order  to 
separate  the  remaining  portion  of  oxyde  of  iron  ;  the  quantity  of  which  depends  upon  the 
previous  degree  of  calcination.  If  it  be  not  enough  oxydized,  the  iron  is  difficult  to  be 
got  rid  of. 

When,  from  the  color  of  the  precipitate,  we  find  that  the  potash  separates  merely  car- 
bonate of  cobalt,  it  is  allowed  to  settle,  the  supernatant  liquor  is  decanted,  and  precipitated, 
by  means  of  a  solution  of  silicate  of  potash,  prepared  as  follows  : — 

Ten  parts  of  potash  are  carefully  mixed  with  fifteen  parts  of  finely  ground  flints  or 
sand,  and  one  part  of  pounded  charcoal.  This  mixture  is  melted  in  a  crucible  of  brick 
clay,  an  operation  which  requires  steady  ignition  during  5  or  6  hours.  The  mass, 
when  melted  and  pulverized,  may  be  easily  dissolved  in  boiling  water,  adding  to  it,  by 
little  at  a  time,  the  glass  previously  ground.  The  filtered  solution  is  colorless,  and 
keeps  well  in  the  air,  if  it  contains  one  part  of  glass  for  5  or  6  of  water.     The  silicate 
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of  cobalt,  which  precipitates  upon  mixing  the  two  solutions,  is  the  preparation  of  cobalt 
most  suitable  for  painting  upon  porcelain,  and  for  the  manufacture  of  blue  glass.  See 
Cobalt. 

B. 

BABLAH.  The  rind  or  shell  which  surrounds  the  fruit  of  the  mimosa  cineraria  ;  it 
comes  from  the  East  Indies,  as  also  from  Senegal,  under  the  name  of  Neb-neb.  It  con- 
tains gallic  acid,  tannin,  a  red  coloring  matter,  and  an  azotized  substance  ;  but  the  pro- 
portion of  tannin  is  smaller  than  in  sumach,  galls,  and  kiioppern  (gall-nuts  of  the  common 
oak)  in  reference  to  that  of  gallic  acid,  which  is  considerable  in  ihe  bablah.  It  has  been 
used,  in  dyeing  cotton,  for  producing  various  shades  of  drab  ;  as  a  substitute  for  the  more 
expensive  astringent  dye-stuffs. 

BAGASSE.  The  sugar-cane,  in  its  dry,  crushed  state,  as  delivered  from  the  sugar- 
mill.     It  is  much  employed  for  fuel  in  the  colonial  sugar-houses. 

BAKING.  (Cuire,  Fr.  Backen,  Germ.)  The  exposure  of  any  body  to  such  a  heat 
as  will  dry  and  consolidate  itg  parts  without  wasting  them.  Thus,  wood,  pottery,  and 
porcelain,  are  baked,  as  well  as  bread. 

BALANCE.  To  conduct  arts,  manufactures,  and  mines,  with  judgment  and  success, 
recourse  must  be  had,  at  almost  every  step,  to  a  balance.  Experience  proves  that  all 
material  bodies,  existing  upon  the  surface  of  the  earth,  are  constantly  solicited  by  a  force 
which  tends  to  bring  them  to  its  centre,  and  that  they  actually  fall  towards  it  when  they 
are  free  to  move.  This  force  is  called  gravity.  Though  the  bodies  be  not  free,  the  ef- 
fort of  gravity  is  still  sensible,  and  the  resultant  of  all  the  actions  which  it  exercises  upon 
their  material  points,  constitutes  what  is  popularly  called  their  weight.  These  weights 
are,  tliereforc,  forces  which  may  be  compared  together,  and  by  means  of  machines  may 
be  made  to  correspond  or  be  counterpoised. 

To  discover  whether  two  weights  be  equal,  we  must  oppose  them  to  each  other  in  a 
machine  wliere  they  act  in  a  similar  manner,  and  then  see  if  they  maintain  an  equi- 
librium ;  for  example,  we  fulfil  this  condition  if  we  suspend  them  at  the  two  extremities 
of  a  lever,  supported  at  its  centre,  and  whose  arms  are  equal.  Such  is  the  general  ides 
of  a  balance.  The  beam  of  a  good  balance  ought  to  be  a  bar  of  well-tempered  steel,  of 
such  form  as  to  secure  perfect  inflexibility  under  any  load  which  may  iDe  filly  applied 
to  its  extremities.  Its  arms  should  be  quite  equal  in  weight  and  length  upon  each  side 
of  its  point  of  suspension  ;  and  this  point  should  be  placed  in  a  vertical  line  over  the 
centre  of  gravity  ;  and  the  less  distant  it  is  from  it,  the  more  delicate  will  be  tl>e  balance. 
Were  it  placed  exactly  in  that  centre,  the  beam  would  not  spontaneously  recover  the 
horizontal  position  when  it  was  once  removed  from  it.  To  render  its  indications  more 
readily  commensurable,  a  slender  rod  or  needle  is  fixed  to  it,  at  right  angles,  in  Ihe  line 
passing  through  its  centres  of  gravity  and  suspension.  The  point,  or  rather  edge  of 
suspension,  is  made  of  perfectly  hard  steel,  and  turns  upon  a  bed  of  the  same.  For 
common  uses  the  arms  of  a  balance  can  be  made  sufficiently  equal  to  give  satisfactory 
results  ;  but,  for  the  more  refined  purposes  of  science,  that  equality  should  never  be 
presumed  nor  trusted  to ;  and,  fortunately,  exact  weighing  is  quite  independent  of  that 
equality.  To  weigh  a  body  is  to  determine  liow  many  times  the  weight  of  that  body 
contains  another  species  of  known  weight,  as  of  grains  or  pounds,  for  example.  In 
order  to  find  it  out,  let  us  place  the  substance,  suppose  a  piece  of  gold,  in  the  left  hand 
scale  of  the  balance  ;  counterpoise  it  with  sand  or  shot  ia  the  other,  till  the  index 
needle  be  truly  veitical,  or  stand  in  the  middle  of  the  scale,  proving  the  beam  to  be 
horizontal.  Now  remove  gently  the  piece  of  gold,  and  substitute  in  its  place  standard 
multiple  weights  of  any  graduation,  English  or  French,  till  the  needle  again  resumes  the 
vertical  position,  or  till  iis  oscillations  upon  either  side  of  the  zero  point  are  equal. 
These  weights  will  represent  precisely  the  weight  of  the  gold,  since  they  are  placed  in 
the  same  circumstances  precisely  with  it,  and  make  the  same  equilibrium  with  the  weight 
laid  m  the  other  scale. 

This  method  of  v.eighing  is  obviously  independent  of  the  unequal  length  as  well  as 
the  unequal  weight  of  the  arms  of  the  beam.  For  its  perfection  two  requisites  only  are 
indispensable.  The  first  is  that  the  points  of  suspension  should  be  rigorously  the  same 
m  the  two  operations ;  for  the  power  of  a  given  weight  to  turn  the  beam  being  unequal, 
according  as  we  place  it  at  different  distances  from  the  centre  of  suspension,  did  that 
point  vary  in  the  two  consecutive  weighings,  we  would  require  to  employ,  in  the  second, 
a  different  weight  from  that  of  the  piece  of  gold,  in  order  to  form  an  equilibrium  with 
the  sand  or  shot  originally  put  in  the  opposite  scale;  and  as  there  is  nothing  to  indicate 
such  inequality  in  the  states  of  the  beam,  great  errors  would  result  from  it.  The  best 
mode  of  securing  against  such  inequality  is  to  suspend  the  cords  of  the  scales  from 
sharp-edged  rings,  upon  knife  edges,  at  the  ends  of  the  beam,  both  made  of  steel  so 
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hard  tempered  as  to  be  incapable  of  indentation.  The  second  condition  is,  that  the 
balance  should  be  very  sensible,  that  is,  when  in  equilibrium  and  loaded,  it  may  be 
disturbed,  and  its  needle  may  oscillate,  by  the  smallest  weight  put  into  cither  of  the 
scales.  This  sensibility  depends  solely  upon  the  centre  or  nail  of  suspension  ;  and  it 
will  be  the  more  perfect  the  less  friction  there  is  between  that  knife-edge  surface  and  the 
plane  which  supports  it.  Both  should  therefore  be  as  hard  and  highly  polished  as 
possible ;  and  should  not  be  suffered  to  press  against  each  other,  except  at  the  time  of 
weighing.  Every  delicate  balance  of  moderate  size,  moreover,  should  be  suspended 
within  a  glass  case,  to  protect  it  from  the  agitations  of  the  air,  and  the  corroding 
influence  of  the  weather.  In  some  balances  a  ball  is  placed  upon  the  index  or  needle 
(whether  that  index  stand  above  or  below  the  beam),  which  may  be  made  to  approach 
or  recede  from  the  beam  by  a  fine-threaded  screw,  with  the  effect  of  varying  the 
centre  ef  gravity  relatively  to  the  point  of  suspension,  and  thereby  increasing,  at 
will,  either  the  sensibility,  or  the  stability  of  the  balance.  The  greater  the  length 
of  the  arms,  the  less  distant  the  centre  of  gravity  is  beneath  the  centre  of  suspension, 
the  better  polished  its  central  knife-edge  of  30°,  the  lighter  the  whole  balance,  and 
the  less  it  is  loaded;  the  greater  will  be  its  sensibility.  In  all  cases  the  arms  must 
be  quite  inflexible.  A  balance  made  by  Ramsden  for  the  Royal  Society,  is  capable 
of  weighing  ten  pounds,  and  turns  with  one  hundredth  of  a  grain,  which  is  the  seven- 
millionth  part  of  the  weight.  In  pointing  out  this  balance  to  me  one  evening,  Dr.  Wol- 
laston  told  me  it  was  so  delicate,  that  Mr.  Pond,  then  astronomer  royal,  when  making 
some  observations  with  it,  found  its  indications  aflected  by  his  relative  position  before 
it,  although  it  was  enclosed  in  a  glass  case.  When  he  stood  opposite  the  rieht  arm, 
that  end  of  the  beam  preponderated,  in  consequence  of  its  becoming  expanded  by  the 
radiation  of  heat  from  his  body ;  and  when  he  stood  opposite  the  left  arm,  he  made  this 
preponderate  in  its  turn.  It  is  probable  that  Mr.  Pond  had  previously  adjusted  the 
centres  of  gravity  and  suspension  so  near  to  each  other  as  to  give  the  balance  its 
maximum  sensibility,  consistent  with  stability.  Were  these  centres  made  to  coincide, 
the  beam,  when  the  weights  are  equal,  would  rest  in  any  position,  and  the  addition  of 
the  smallest  weight  would  overset  the  balance,  and  place  the  beam  in  a  vertical  position, 
from  which  it  would  have  no  tendency  to  return.  The  sensibility  in  this  case  would 
be  the  greatest  possible ;  but  the  other  two  requisites  of  level  and  stability  would  be 
entirely  lost.  The  case  would  be  even  worse  if  the  centre  of  gravity  were  higher  than 
the  centre  of  suspension,  as  the  balance  when  deranged,  if  free,  would  make  a  revolution 
of  no  less  than  a  semi-circle.  A  balance  may  be  made  by  a  fraudulent  dealer  to  weigh 
falsely,  though  its  arms  be  equal,  provided  the  suspension  be  as  low  as  the  centre  of 
gravity,  for  he  has  only  to  toss  his  tea,  for  instance,  forcibly  into  one  scale  to  cause 
15  ounces  of  it,  or  thereby,  to  counterpoise  a  pound  weight  in  the  other.  Inspectors 
of  weishts,  &c.  are  not  au  fait  to  this  fruitful  source  of  fraud  among  hucksters. 

BALSAMS  (Baumes,  Fr.  Balsame,  Germ.)  are  native  compounds  of  ethereal  or 
essential  oils,  with  resin,  and  frequently  benzoic  acid.  Most  of  them  have  the  con- 
sistence of  honey ;  but  a  few  are  solid,  or  become  so  by  keeping.  They  flow  either 
spontaneously,  or  by  incisions  made  from  trees  and  shi-ubs  in  tropical  climates.  They 
possess  peculiar  powerful  smells,  aromatic  hot  tastes,  but  lose  their  odoriferous  pro- 
perties by  long  exposure  to  the  air.  They  are  insoluble  in  water;  soluble,  to  a  con- 
siderable degree,  in  ether;  and  completely  in  alcohol.  When  distilled  with  water, 
ethereal  oil  comes  over,  and  resin  remains  in  the  retort. 
1.  Balsams  with  benzoic  acid  : — 

Balsam  of  Pent  is  extracted  from  the  myroxylon  peniiferum,  a  tree  which  grows  in 
Peru,  Mexico,  &c. ;  sometimes  by  incision,  and  sometimes  by  evaporating  the  decoction 
of  the  bark  and  branches  of  the  tree.  The  former  kind  is  very  rare,  and  is  imputed 
in  the  husk  of  the  cocoa-nut,  whence  it  is  called  balsam  eii  coque.  It  is  brown,  trans- 
parent only  in  thin  layers,  of  the  consistence  of  thick  turpentine ;  an  agreeable  smell, 
an  acrid  and  bitter  taste ;  formed  of  two  matters,  the  one  liquid,  the  other  granular, 
and  somewhat  crystalline.  In  100  parts,  it  contains  12  of  benzoic  acid,  88  of  resin, 
with  traces  of  a  volatile  oil. 

The  second  sort,  the  black  balsam  of  Peru,  is  much  more  common  than  the  pre- 
ceding, translucent,  of  the  consistence  of  well-boiled  sirup,  very  deep  red-brown 
color,  an  almost  intolerably  acrid  and  bitter  taste,  and  a  stronger  smell  than  the  other 
balsam.  Stoltze  regards  it  as  formed  of  69  parts  of  a  peculiar  oil,  20*7  of  a  resin,  little 
soluble  in  alcohol,  of  6*4  of  benzoic  acid,  of  0-6  of  extractive  matter,  and  09  of 
water. 

From  its  high  price,  balsam  of  Peru  is  often  adulterated  with  copaiba,  oil  of  tur- 
pentine, and  olive  oil.  One  thousand  parts  of  good  balsam  should,  by  its  benzoic 
acid,  saturate  75  parts  of  crystallized  carbonate  of  soda.  It  is  employed  as  a  perfume 
for  pomatums,  tinctures,  lozenges,  sealing-wax,  and  for  chocolate  and  liqueurs,  instead 
of  vaniUa,  when  this  happens  to  be  very  dear. 
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Liquid  amber,  Storax  or  Styrax,  flows  from  the  leaves  and  trunk  of  the  liquid  amber 
shjraciflua,  a  tree  which  grows  in  Virginia,  Louisiana,  and  Mexico.  It  is  brownish 
ash-gray,  of  the  consistence  of  turpentine,  dries  up  readily,  smells  agreeably,  like  ben- 
zoin, has  a  bitterish,  sharp,  burning  taste ;  is  soluble  in  4  parts  of  alcohol,  and  contains 
only  1-4  per  cent,  of  benzoic  acid. 

Balsam  of  Tolu  flows  from  the  trunk  of  the  myroxylon  toluiferum,  a  tree  which  grows  in 
South  America ;  it  is,  when  fresh,  of  the  consistence  of  turpentine,  is  brownish-red, 
dries  into  a  yellowish  or  reddish  brittle  resinous  mass,  of  a  smell  like  benzoin  ;  is  soluble 
in  alcohol  and  ether ;  affords,  with  water,  benzoic  acid. 

Chinese  varnish  flows  from  the  bark  of  the  ^ugia  sinensis ;  it  is  a  greenish  yellow 
turpentine-like  substance,  smells  aromatic,  tastes  strong  and  rather  astringent,  in  thin 
layers  dries  soon  into  a  smooth  shining  lac,  and  consists  of  resin,  ethereous  oil,  and  ben- 
zoic acid.  It  is  soluble  in  alcohol  and  ether ;  and  has  been  employed,  immemorially, 
in  China,  for  lackering  and  varnishing  surfaces,  either  alone  or  colored. 

Balsams  without  benzoic  acid  : — 

Copaiva  balsam,  balsam  of  copahu  or  capivi,  is  obtained  from  incisions  made  in  the 
trunk  of  the  Copaifera  officinalis,  a  tree  which  grows  in  Brazil  and  Cayenne.  It  is  pale 
yellow,  middling  liquid,  clear  transparent,  has  a  bitter,  sharp,  hot  taste;  a  penetrating 
disagreeable  smell ;  a  specific  gravity  of  from  0*950  to  0-996.  It  dissolves  in  absolute 
alcohol,  partially  in  spirit  of  wine,  forms  with  alkalis,  crystalline  compounds.  It  con- 
sists of  45*59  ethereous  oil,  52*75  of  a  yellow  brittle  resin,  and  1-66  of  a  brown  vir.cid 
resin.  The  oil  contains  no  oxygen,  has  a  composition  like  oil  of  turpentine,  dissolves 
caoutchouc  (according  to  Durand),  but  becomes  oxydized  in  the  air,  into  a  peculiar 
species  of  resin.  This  balsam  is  used  for  making  paper  transparent,  for  certain  lackers, 
and  in  medicine. 

Mecca  balsam,  or  opobalsam,  is  obtained  both  by  incisions  of,  and  by  boiling,  the 
branches  and  leaves  of  the  Bahamodendron  Gileadense,  a  shrub  which  grows  in  Arabia 
Felix,  Lesser  Asia,  and  Egj'pt.  When  fresh  it  is  turbid,  whitish,  becomes,  by  degrees, 
transparent;  yellow,  thickish,  and  eventually  solid.  It  smells  peculiar,  but  agreeable ; 
tastes  bitter  and  spicy;  does  not  dissolve  completely  in  hot  spirit  of  wine,  and  contaijs 
10  per  cent,  of  ethereous  oil,  of  the  specific  gravity  0*876. 

Japan  lac  varnish  flows  from  incisions  in  the  trunk  of  the  Rhus  Vernix  (Melanorrhca 
usilata)  which  is  cultivated  in  Japan,  and  grows  wild  in  North  America.  The  juice 
becomes  black  in  the  air;  when  purified,  dissolves  in  very  little  oil;  and,  mixed  with 
coiorins:  matter,  it  constitutes  the  celebrated  varnish  of  the  Japanese. 

For  Benzoin  and  Turpentine,  see  these  articles  in  their  alphabetical  places. 

BANDANNA.  A  style  of  calico  printing,  in  which  white  or  brightly  colored 
spots  are  produced  upon  a  red  or  dark  ground.  It  seems  to  have  been  practised  from 
time  immemorial  in  India,  by  binding  up  firmly  with  thread,  those  points  of  the  cloth 
which  were  to  remain  white  or  yellow,  while  the  rest  of  the  surface  was  freely  subjected 
to  the  dyeing  operations. 

The  European  imitations  have  now  far  surpassed,  in  the  beauty  and  precision  ff 
the  design,  the  oriental  patterns ;  having  called  into  action  the  refined  resources  cf 
mechanical  and  chemical  science.  The  general  principles  of  producing  bright  figures 
upon  (lark  grounds,  are  explained  in  the  article  Calico-printing;  but  the  peculiarities 
of  the  Bandanna  printing  may  be  conveniently  introduced  here.  In  Brande's  Journal 
for  July,  1823,  I  described  the  Bandanna  gallery  of  Messrs.  Monteith  at  Glasgow, 
which,  when  in  full  action  some  years  ago,  might  be  reckoned  the  most  magnificent  and 
profitable  printing  apartment  in  the  world.  The  white  spots  were  produced  by  a  so- 
lution of  chlorine,  made  to  percolate  down  through  the  Turkey  red  cotton  cloth,  in 
cercfcn  points  defined  and  circumscribed  by  the  pressure  of  hoUow  lead  types  in  plates, 
in  a  hydraulic  press.  Fig.  96  is  an  elevation  of  one  press;  A,  the  top  or  entablature; 
B  B,  the  cheeks  or  pillars;  C,  the  upper  block  for  fastening  the  upper  lead  perfoiated 
pattern  to  ;  D,  the  lower  block  to  which  the  fellow  pattern  is  affixed,  and  which  moves 
up  and  down  with  the  piston  of  the  press;  E,  the  piston  or  ram;  F,  the  sole  or 
base;  G,  the  water-trough,  for  the  discharged  or  spotted  calico  to  fall  into;  H,  the 
small  cistern,  for  the  aqueous  chlorine  or  liquor-meter,  with  glass  tubes  for  indicating 
the  heisht  of  liquor  inside  of  the  cistern;  e  e,  glass  stopcocks,  for  admitting  the  liquor 
into  that  cistern  from  the  general  reservoir;  //,  stopcocks  for  admitting  water  to  wash 
out  the  chlorine;  g  g,  the  pattern  lead-plates,  with  screws  for  setting  the  patterns  parallel 
to  each  other;  m  m,  projecting  angular  pieces  at  each  corner,  perforated  with  a  half-inch 
hole  to  receive  the  four  guide-pins  risin?  from  the  lower  plate,  which  serve  to  secure 
accuracy  of  adjustment  between  the  two  faces  of  the  lead  pattern  plates;  h  A,  two  rollers 
which  seize  and  pull  through  the  discharged  pieces,  and  deliver  them  into  the  water- 
trough.  To  the  left  of  D  there  is  a  stopcock  for  filling  the  trough  with  water;  /,  is  the 
waste  tube  for  chlorine  l;(iuor  and  water  of  washing.  The  contrivance  for  blowing  a 
stream  of  air  across  the  cloth,  through  the  pattern  tubes,  is  not  represented  in  the  figure. 
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Sixteen   engines    similar  to    the  above,  each  possessing  the  power  of  pressing  with 
several   huncIVed  tons,  are    arranged    in  one  line,  in   subdivisions  of  four ;  the    spaces 


between  each  subdivision  serving  as  passages  to  allow  the  workmen  to  go  readily 
irom  the  front  to  the  back  of  the  presses.  Each  occupies  twenty-five  feet,  so  that  the 
total  length  of  the  apartment  is  100  feet. 

To  each  press  is  attached  a  pair  of  patterns  in  lead,  (or  plates,  as  they  are  called,)  the 
manner  of  forming  which  will  be  described  in  the  sequel.  One  of  these  plates  is  fixed 
to  the  upper  block  of  the  press.  This  block  is  so  contrived,  that  it  rests  upon  a  kind  of 
universal  joint,  which  enables  this  plate  to  apply  more  exactly  to  the  under  fellow- 
plate.  The  latter  sits  on  the  moveable  part  of  the  press,  commonly  called  the  sill. 
When  this  is  forced  up,  the  two  patterns  close  on  each  other  very  nicely,  by  means  of 
the  guide-pins  at  the  corners,  which  are  fitted  with  the  utmost  care. 

The  power  which  impels  this  great  hydrostatic  range  is  placed  in  a  separate  apart- 
ment, called  the  machinery  room.  This  machinery  consists  of  two  press  cylinders 
of  a  peculiar  construction,  having  solid  rams  accurately  fitted  to  them.  To  each  of 
these  cylinders,  three  little  force-pumps,  worked  by  a  steam-engine,  are  connected. 

The  piston  of  the  large  cylinder  is  eight  inches  in  diameter,  and  is  loaded  with  a 
top-weight  of  five  tons.  This  piston  can  be  made  to  rise  about  two  feet  through  a 
leather  stuffing  or  collar.  The  other  cylinder  has  a  piston  of  only  one  inch  in  diameter, 
which  is  also  loaded  with  a  top-weight  of  five  tons.  It  is  capable,  like  the  other,  of 
being  raised  two  feet  through  its  collar. 

Supposing  the  pistons  to  be  at  their  lowest  point,  four  of  the  six  small  force-pumps 
are  put  in  action  by  the  steam-engine,  two  of  them  to  raise  the  large  piston,  and  two 
the  little  one.  In  a  short  time,  so  much  water  is  injected  into  the  cylinders,  that 
the  loaded  pistons  have  arrived  at  their  highest  points.  They  are  now  ready  for 
working  the  hydrostatic  discharge-presses,  the  water  pressure  being  conveyed  from 
the  one  apartment  to  the  other,  under  ground,  through  strong  copper  tubes,  of  small 
calibre. 

Two  valves  are  attached  to  each  press,  one  opening  a  communication  between  the  large 
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driving-cylinder  and  the  cylinder  of  the  press,  the  other  between  the  small  driving-cylin- 
der and  the  press.  The  function  of  the  first  is  simply  to  lift  the  under-block  of  the  press 
into  contact  with  the  upper-block ;  that  of  the  second,  is  to  give  the  requisite  compression 
to  the  cloth.  A  third  valve  is  attached  to  the  press,  for  the  purpose  of  discharging  the 
water  from  its  cylinder,  when  the  press  is  to  be  relaxed,  in  order  to  remove  or  draw 
through  the  cloth. 

From  twelve  to  fourteen  pieces  of  cloth,  previously  dyed  Turkey-red,  are  stretched 
over  each  other,  as  parallel  as  possible,  by  a  particular  machine.  These  parallel  layers  are 
then  rolled  round  a  wooden  cylindar,  caUed  by  the  workmen,  a  dium.  This  cylinder  is 
now  placed  in  its  proper  situation  at  the  back  of  the  press.  A  portion  of  the  fourteen  lay- 
ers of  cloth,  equal  to  the  area  of  the  plates,  is  next  drawn  through  between  them,  by  hooks 
attached  to  the  two  corners  of  the  webs.  On  opening  the  valve  connected  with  the  eight- 
inch  driving-cylinder,  the  water  enters  the  cylinder  of  the  press,  and  instantly  lifts  its  lower 
block,  so  as  to  apply  the  under  plate  with  its  cloth,  close  to  the  upper  one.  This  valve  is 
then  shut,  and  the  other  is  opened.  The  pressure  of  five  tons  in  the  one  inch  prime-cylin- 
der, is  now  brought  to  bear  on  the  piston  of  the  press,  which  is  eight  inches  in  diameter. 
The  affective  force  here  will,  therefore,  be  5  tons  X  82=320  tons ;  the  areas  of  cylinders 
being  to  each  other,  as  the  squares  of  their  respective  diameters.  The  cloth  is  thus  con- 
densed between  the  leaden  pattern-plates  with  a  pressure  of  320  tons,  in  a  couple  of 
seconds  ;  — a  splendid  example  of  automatic  art. 

The  next  step,  is  to  admit  the  blanching  or  discharging  liquor  (aqueous  chlorine,  ob- 
tained by  adding  sulphuric  acid  to  solution  of  chloride  of  lime)  to  the  cloth.  This  liquor 
is  contained  in  a  large  cistern,  in  an  adjoining  house,  from  which  it  is  run  at  pleasure  into 
small  lead  cisterns  H  attached  to  the  presses ;  which  cisterns  have  graduated  index  tubes, 
for  regulating  the  quantity  of  liquor  according  to  the  pattern  of  discharge.  The  stopcocks 
on  the  pipes  and  cisterns  containing  this  liquor,  are  all  made  of  glass. 

From  the  measure-cistern  H,  the  liquor  is  allowed  to  flow  into  the  hollows  in  the  upper 
lead-plate,  whence  it  descends  on  the  cloth,  and  percolates  through  it,  extracting  in  its  pas- 
sage the  Turkey-red  dye.  The  liquor  is  finally  conveyed  into  the  waste  pipe,  from  a  groove 
in  the  under  block.  As  soon  as  the  chlorine  liquor  has  passed  through,  water  is  admit- 
ted in  a  similar  manner,  to  wash  away  the  chlorine  ;  otherwise,  upon  relaxing  the  pres- 
sure, the  outline  of  the  figure  discharged  would  become  ragged.  The  passage  of  the  dis- 
charge liquor,  as  well  as  of  the  water  through  the  cloth,  is  occasionally  aided  by  a  pneu- 
matic apparatus,  or  blowing  machine ;  consisting  of  a  large  gasometer,  from  which  air 
subjected  to  a  moderate  pressure  may  be  allowed  to  issue,  and  act  in  the  direction  of  the 
liquid  upon  the  folds  of  the  cloth.  By  an  occasional  twist  of  the  air  stopcock,  the  work- 
man also  can  ensure  the  equal  distribution  of  the  discharging  liquor,  over  the  whole  ex- 
cavations in  the  upper  plate.  When  the  demand  for  goods  is  very  brisk,  the  air  appara- 
tus is  much  employed,  as  it  enables  the  workman  to  double  his  product. 

The  time  requisite  for  completing  the  discharging  process  in  the  first  press  is  suffi- 
cient to  enable  the  other  three  workmen  to  put  the  remaining  fifteen  presses  in  play.  The 
discharger  proceeds  now  from  press  to  press,  admits  the  liquor,  the  air,  and  the  water ; 
and  is  followed  at  a  proper  interval  by  the  assistants,  who  relax  the  press,  move  forwards 
another  square  of  the  cloth,  and  then  restore  the  pressure.  Whenever  the  sixteenth  press 
has  been  liquored,  &c.,  it  is  time  to  open  the  first  press.  In  this  routine,  about  ten  min- 
utes are  employed  ;  that  is,  224  handkerchiefs  <16-(-14)  are  discharged  every  ten  minutes. 
The  whole  cloth  is  drawn  successively  forward,  to  be  successively  treated  in  the  above 
method. 

When  the  cloth  escapes  from  the  press,  it  is  passed  between  the  two  rollers  in  front ;  from 
which  it  falls  into  a  trough  of  water  placed  below.  It  is  finally  carried  off  to  the  wash- 
ing and  bleaching  department,  where  the  lustre  of  both  the  white  and  the  red  is  con- 
siderably brightened. 

By  the  above  arrangement  of  presses,  1600  pieces,  consisting  of  12  yards  each= 19,200 
yards,  are  converted  into  Bandannas  in  the  space  of  ten  hours,  by  the  labor  of  fear 
workmen. 

The  patterns,  or  plates,  which  are  put  into  the  presses  to  determine  the  white  figures 
on  the  cloth,  are  made  of  lead  in  the  following  way.  A  trellis  frame  of  cast-iron,  one 
inch  thick,  with  turned-up  edges,  forming  a  trough  rather  larger  than  the  intended  lead 
pattern,  is  used  as  the  solid  ground-work.  Into  this  trough,  a  lead  plate  about  one  half 
inch  thick,  is  firmly  fixed  by  screw  nails  passing  up  from  below.  To  the  edges  of  this  lead 
plate,  the  borders  of  the  piece  of  sheet-lead  are  soldered,  which  covers  the  whole  outer 
surface  of  the  iron  frame.  Thus  a  strong  trough  is  formed,  one  inch  deep.  The  upright 
border  gives  at  once  great  strength  to  the  plate,  and  serves  to  confine  the  liquor.  A  thin 
sheet  of  lead  is  now  laid  on  the  thick  lead-plate,  in  the  manner  of  a  veneer  on  toilet- 
tables,  and  is  soldered  to  it  round  the  edges.  Both  sheets  must  be  made  very  smooth 
beforehand,  by  hammering  them  on  a  smooth  stone  table,  and  then  finishing  with  a  plane : 
the  surface  of  the  thin  sheet  (now  attached)  is  to  be  covered  with  drawing  paper,  pasted 
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on,  and  upon  this  the  pattern  is  drawn.  It  is  now  ready  for  the  cutter.  The  first  thing 
which  he  does,  is  to  fix  down  with  brass  pins  all  the  parts  of  the  pattern  which  are  to 
be  left  solid.  He  now  proceeds  with  the  little  tools  generally  used  by  block-cutters, 
which  are  fitted  to  the  different  curvatures  of  the  pattern,  and  he  cuts  perpendicularly 
quite  through  the  thin  sheet.  The  pieces  thus  detached  are  easily  lifted  out ;  and  thus 
the  channels  are  formed  which  design  the  white  figures  on  the  red  cloth.  At  the  bot- 
tom of  the  channels,  a  sufficient  number  of  small  perforations  are  made  through  the 
thicker  sheet  of  lead,  so  that  the  discharging  liquor  may  have  free  ingress  and  egress. 
Thus  one  plate  is  finished  ;  from  which,  an  impression  is  to  be  taken  by  means  of  printers' 
ink,  on  the  paper  pasted  upon  another  plate.  The  impression  is  taken  in  the  hydrostatic 
press.  Each  pair  of  plates  constitutes  a  set,  which  may  be  put  into  the  presses,  and  re- 
moved at  pleasure. 

BARBERRY.  The  root  of  this  plant  contains  a  yellow  coloring  matter,  which  is 
soluble  in  water  and  alcohol,  and  is  rendered  brown  by  alkalis.  The  solution  is  employ- 
ed in  the  manufacture  of  Morocco  leather. 

BARILLA.  A  crude  soda,  procured  by  the  incineration  of  the  salsola  soda,  a  plant  cul- 
tivated for  this  purpose  in  Spain,  Sicily,  Sardinia,  &c.  Good  barilla  usually  contains,  ac- 
cording to  my  analysis,  20  per  cent,  of  real  alkali,  associated  with  muriates  and  sulphates, 
chiefly  of  soda,  some  lime,  and  alumina,  with  very  little  sulphur.  Caustic  leys  made  from 
it,  are  used  in  the  finishing  process  of  the  hard  soap  manufacture.  125,068  cwts.  were 
imported  in  1835,  of  which  only  5-807  were  exported.  The  duty  is  2s.  per  cwt.  Of  the 
above  quantity,  64,174  came  from  Spain  and  the  Balearic  islands,  39,943  from  the  Cana- 
ries, and  20,432  from  Italy  and  the  Italian  islands. 

BARIUM,  the  metallic  basis  of  Baryta. 

BARK  OF  OAK,  for  tanning.  Unfortunately,  the  Tables  of  Revenue  published  by 
the  Board  of  Trade,  mix  up  this  bark  and  the  dyeing  barks  together,  and  give  the  sum  of 
the  whole  for  1835,  at  826,566  cwts.,  of  which  only  2,264  were  re-exported.  The  duty 
is  Id.  per  cwt.  from  British  possessions,  and  Sd.  from  other  parts. 

BARLEY  {Orge,  Fr. ;  Gerste,  Germ.)  English  barley  is  that  with  two-rowed  ears,  or 
the  hordeum  vulgare  disHchon  of  the  botanists ;  the  Scotch  beer  or  bigg,  is  the  hordeum 
vulgare  hexastichon.  The  latter  has  two  rows  of  ears,  but  3  corns  come  from  the  same 
point,  so  that  it  seems  to  be  six-eared.  The  grains  of  bigg  are  smaller  than  those  of  bar- 
ley, and  the  husks  thinner.  The  specific  gravity  of  English  barley  varies  from  1-25  to 
1-.33  ;  of  bigg  from  1-227  to  1265  ;  the  weight  of  the  husk  of  barley  is  1,  that  of  bigg  1. 
1000  parts  of  barley  flour  contain,  according  to  Einhof,  720  of  starch,  56  sugar,  50  muci- 
lage, 36-6  gluten,  12-3  vegetable  albumen,  100  water,  2-5  phosphate  of  lime,  68  fibrous 
or  ligneous  matter.     Sp.  gravity  of  barley  is  1*235  by  my  trials. 

BARM.  The  yeasty  top  of  fermenting  beer.  See  Beer,  Distillation,  Fermen- 
tation. 

BARYTA  or  BARYTES,  one  of  the  simple  earths.  It  may  be  obtained  most 
easily  by  dissolving  the  native  carbonate  of  barytes  (Witherite)  in  nitric  acid,  evapora- 
ting the  neutral  nitrate  till  crystals  be  formed,  draining  and  then  calcining  these  in  a 
covered  platina  crucible,  at  a  bright  red  heat.  A  less  pure  baryta  may  be  obtained  by 
igniting  strongly  a  mixture  of  the  carbonate  and  charcoal,  both  in  fine  powder  and 
moistened.  It  is  a  grayish  white  earthy  looking  substance,  fusible  only  at  the  jet  of 
the  oxy-hydrogen  blowpipe,  has  a  sharp  caustic  taste,  corrodes  the  tongue  and  all  animal 
matter,  is  poisonous  even  in  small  quantities,  has  a  very  powerful  alkaline  reaction ; 
a  specific  gravity  of  4-0 ;  becomes  hot,  and  slakes  violently  when  sprinkled  with  water, 
falling  into  a  fine  white  powder,  called  the  hydrate  of  baryta,  which  contains  lOj  per 
cent,  of  water,  and  dissolves  in  10  parts  of  boiling  water.  This  solution  lets  fall  abun- 
dant columnar  crystals  of  hydrate  of  baryta  as  it  cools ;  but  it  still  retains  one  twentieth 
its  weight  of  baryta,  and  is  called  baryta  water.  The  above  crystals  contain  61  per  cent, 
of  water,  of  which,  by  drying,  they  lose  50  parts.  This  hydrate  may  be  fused  at  a  red 
heat  without  losing  any  more  water.  Of  all  the  bases,  baryta  has  the  strongest  affinity 
for  sulphuric  acid,  and  is  hence  employed  either  in  the  state  of  the  above  water,  or  in 
that  of  one  of  its  neutral  salts,  as  the  nitrate  or  muriate,  to  detect  the  presence,  and  de- 
termine the  quantity  of  that  acid  present  in  any  soluble  compound.  Its  prime  equivalent, 
according  to  Berzelius,  is  956,880,  oxygen  being  100;  or  76,676,  hydrogen  being  1,000. 
Native  sulphate  of  baryta,  or  heavy  spar,  is  fraudulently  used  to  adulterate  white  lead  by 
the  English  dealers  to  a  shameful  extent. 

BASSORINE.  A  constituent  part  of  a  species  of  gum  which  comes  from  Bassora, 
as  also  of  gum  tragacanth,  and  of  some  gum  resins.  It  is  semi-transparent,  difficult  to 
pulverize,  swells  considerably  in  cold  or  boiling  water,  and  forms  a  thick  mucilage 
without  dissolving.  Treated  with  ten  times  its  weight  of  nitric  acid,  it  affords  nearly 
23  per  cent,  of  its  weight  of  mucic  acid,  being  much  more  than  is  obtainable  from  gum 
arable  or  cherry-tree  gum.     Bassorine  is  very  soluble  in  water  slightly  acidulated  with 
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nitric  or  muriatic  acid.     This  principle  is  procured  by  soaking  gum  Bassora  in  a  great 
quantity  of  cold  water,  and  in  removins:,  by  a  filter,  all  the  soluble  parts. 

BATHS.  (Bains,  Fr.  Baden,  Germ.)  Warm  baths  have  lately  come  into  very 
general  use,  and  they  are  justly  considered  as  indispensably  necessary  in  all  modem 
houses  of  any  magnitude,  as  also  in  club-houses,  hotels,  and  hospitals.  But  the  mode 
of  constructing  these  baths,  and  of  obtaining  the  necessary  supplies  of  hot  and  cold  wa- 
ter, does  not  appear  to  have  undergone  an  improvement  equal  to  the  extension  of  their 
employment. 

The  several  points  in  regard  to  warm  baths,  are, 

J.  The  materials  of  which  they  are  constructed. 

2.  Their  situation. 

3.  The  supply  of  cold  water. 

4.  The  supply  of  hot  water. 

5.  Minor  comforts  and  conveniences. 

1.  As  to  the  materials  of  which  they  are  constructed.  Of  these  the  best  are 
slabs  of  polished  marble,  properly  bedded  with  good  water-tight  cement,  in  a  seasoned 
wooden  case,  and  neatly  and  carefully  united  at  their  respective  edges.  These,  when 
originally  well  constructed,  form  a  durable,  pleasant,  and  agreeable-looking  bath  ;  but 
the  expense  is  often  objectionable,  and,  in  upper  chambers,  the  weight  may  prove 
inconvenient.  If  of  white  or  veined  marble,  they  are  also  apt  to  get  yellow  or  dis- 
colored by  frequent  use,  and  cannot  easily  be  cleansed;  so  that  larse  Dutch  tiles,  as 
they  are  called,  or  square  pieces  of  white  earthenware,  are  sometimes  substituted; 
which,  however,  are  difficultly  kept  water-tight;  so  that,  upon  the  whole,  maible  is 
preferable. 

Where  there  are  reasons  for  excluding  marble,  copper  or  tinned  iron  plate  is  the  usual 
materia]  resorted  to..  The  former  is  most  expensive  in  the  outfit,  but  far  more  durable 
than  the  latter,  which  is,  moreover,  liable  to  leakage  at  the  joints,  unless  most  carefully 
made.  Either  tlie  one  or  the  other  should  be  well  covered,  outside  and  inside,  with  seve- 
ral coats  of  paint,  which  may  then  be  marbled  or  otherwise  ornamented. 

Wooden  tubs,  square  or  oblong,  and  oval,  are  sometimes  used  for  warm  baths  ;  and 
are  cheap  and  convenient,  but  neither  elegant  nor  cleanly.  The  wood  always  contracts 
a  mouldy  smell ;  and  the  difficulty  and  nuisance  of  keeping  them  water-tight,  and 
preventing  shrinkage,  are  such  as  to  exclude  them  from  all  except  extemporaneous  ap- 
plication. 

2.  As  to  the  situation  of  the  bath,  or  the  part  of  the  house  in  which  it  is  to  be 
placed. — In  hotels,  and  club-houses,  this  is  a  question  easily  determined:  several  baths 
are  usually  here  required,  and  each  should  have  annexed  to  it  a  properly  warmed 
dressing-room.  Whether  they  are  up  stairs  or  down  stairs,  is  a  question  of  convenience, 
but  the  basement  story,  in  which  they  are  sometimes  placed,  should  always  be  avoided  ; 
there  is  a  coldness  and  dampness  belonging  to  it,  in  almost  aU  weathers,  which  is  neither 
agreeable  nor  salubrious. 

In  hospitals,  there  should  be  at  least  two  or  three  baths  on  each  side  of  the  house  (the 
men's  and  women's),  and  the  supply  of  hot  water  should  be  ready  at  a  moment's  notice. 
The  rooms  in  which  the  baths  are  placed  should  be  light,  and  comparatively  large  and 
airy ;  and  such  conveniences  for  getting  into  and  out  of  the  bath  should  be  adopted,  as 
the  sick  are  well  known  to  require.  The  dimensions  of  these  baths  should  also  be  larger 
than  usual. 

In  private  houses,  the  fittest  places  for  warm  baths  are  dressing-rooms  annexed  to 
the  principal  bed-rooms;  or,  where  such  convenience  cannot  be  obtajned,  a  separate 
bath-room,  connected  with  the  dressing-room,  and  always  upon  the  bed-room  floor.  All 
newly-built  houses  should  be  properly  arranged  lor  this  purpose,  and  due  attention 
should  be  paid  to  the  warming  of  the  bath-room,  which  ought  also  to  be  properly  ven- 
tDated.  A  temperature  of  70°  may  easily  be  kept  up  in  it,  and  sufficient  ventilation 
is  absolutely  requisite,  to  prevent  the  deposition  of  moisture  upon  the  walls  and 
furniture.  • 

The  objection  which  formerly  prevailed,  in  respect  to  the  difficulty  of  obtaining 
adequate  supplies  of  water,  in  the  upper  rooms,  has  been  entirely  obviated,  by  having 
cisterns  at  or  near  the  top  of  the  house ;  and  wc  would  just  hint  that  these  should  be 
so  contrived,  as  to  be  placed  out  of  the  reach  of  frost ;  a  provision  of  the  utmost  im- 
portance in  every  point  of  view,  and  very  easily  eflfected  in  a  newly-built  house,  though 
it  unfortunately  happens,  that  architects  usually  regard  these  matters  as  trifles,  and 
treat  them  with  neglect,  as  mdeed  they  do  the  warming  and  ventilation  of  buildings 
generally. 

3.  The  supply  of  water  of  proper  quality  and  quantity,  is  a  very  important  point, 
as  connected  with  the  present  subject.  The  water  should  be  soft,  clean,  and  pure  ;  and 
as  free  as  possible  from  all  substances  mechanically  suspended  in  it.  In  many  cases, 
it  answers  to  dig  a  well  for  the  exclusive  supply  of  a  large  house  with  water.    In  most 
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parts  of  London  this  may  effectually  be  accomplished,  at  a  comparatively  moderate  ex- 
pense ;  and,  if  the  well  be  deep  enough,  the  water  will  be  abundant,  soft,  and  pellucid. 
The  labor  of  forcing  it  by  a  pump  to  the  top  of  the  house,  is  the  only  drawback :  this, 
however,  is  very  easily  done  by  a  horse-engine,  or  there  are  people  enough  about  town, 
glad  to  undertake  it  at  a  shilling  a  day.  I  am  led  to  these  remarks  by  observing  the 
fiilliy  state  of  the  water  usually  supplied,  at  vei-y  extravagant  rates,  by  the  water  com- 
panies. It  often  partakes  more  of  the  appearance  of  pea-soup  than  of  the  pure  ele- 
ment ;  fills  our  cisterns  and  pipes  with  mud  and  dirt,  and,  even  when  cleared  by  subsi- 
dence, is  extremely  unpalatable.  It  deposites  its  nastiness  in  the  pipes  connected  with 
warm  baths,  and  throws  down  a  slippery  deposite  upon  the  bottom  of  the  vessel  itself  to 
such  an  extent,  as  often  to  preclude  its  being  used,  at  least  as  a  luxury,  which  a  clear 
and  clean  bath  really  is.  This  inconvenience  may,  in  some  measure,  be  avoided,  by  suf- 
fering the  water  to  throw  down  its  extraneous  matters  upon  the  bottom  of  the  cistern,  and 
drawing  our  supplies  from  pipes  a  little  above  it  ;  there  will,  however,  always  be  more 
or  less  deposite  in  the  pipes  themselves;  and  every  time  the  water  runs  into  the  cistern, 
the  grouts  are  stirred  up,  and  diffused  through  its  mass  :  this,  from  some  cause  or  other, 
has  lately  become  an  intolerable  nuisance  ;  and  he  who  reflects  upon  the  miscellaneous 
contents  of  Thames  water,  will  not  have  his  appetite  sharpened  by  a  draught  of  the  Grand 
Junction  beverage,  nor  feel  reanimated  and  refreshed  by  bathing  in  a  compound  so  hete- 
rogeneous and  unsavory. 

4  and  5.  In  public  bathing  establishments,  where  numerous  and  constant  baths 
are  required,  the  simplest  and  most  effective  means  of  obtaining  hot  water  for  their 
supply  consists  in  drawing  it  directly  into  the  baths  from  a  large  boiler,  placed  souie- 
where  above  their  level.  This  boiler  should  be  supplied  with  proper  feeding-pipes 
and  gauges ;  and,  above  all  things,  its  dimensions  should  be  ample ;  it  should  be  of 
wrought  iron  or  copper,  except  where  sea  water  is  used,  in  which  case  the  latter  metal 
is  sometimes  objectionable.  The  hot  water  should  enter  the  bath  by  a  pipe  at  least 
an  inch  and  a  half  in  diameter ;  and  the  cold  water  by  one  of  the  same  dimension,  or 
somewhat  larger,  so  that  the  bath  may  not  be  long  in  filling.  The  relative  proportions 
of  the  hot  and  cold  water  are,  of  course,  to  be  adjusted  by  a  thermometer,  and  every  bath 
should  have  a  two  inch  waste-pipe,  opening  about  two  inches  from  the  top  of  the  bath, 
and  suffering  the  excess  of  water  freely  to  run  off;  so  that  when  a  person  is  immersed 
in  the  bath,  or  when  the  supplies  of  water  are  accidentally  left  open,  there  may  be  no 
danger  of  an  overflow. 

Where  there  is  a  laundry  in  the  upper  story  of  the  house,  or  other  convenient  place 
for  \recting  a  copper  and  its  appurtenances,  a  plan  similar  to  the  above  may  often  be 
conveniently  adopted  in  private  houses,  for  the  supply  of  a  bath  upon  the  principal  bed- 
room floor.  An  attempt  is  sometimes  made  to  place  boilers  behind  the  fires  of  dress- 
ing-rooms, or  otherwise  to  erect  them  in  the  room  itself,  for  the  purpose  of  supplying 
warm  water;  but  this  plan  is  always  objectionable,  from  the  complexity  of  the  means 
by  which  the  supply  of  water  is  furnished  to  the  boiler,  and  often  dangerous  from 
the  flues  becoming  choaked  with  soot,  and  taking  fire.  Steam  is  also  apt,  in  such 
cases,  to  escape  in  quantities  into  the  room;  so  that  it  becomes  necessary  to  search  for 
other  methods  of  heating  the  bath  ;  one  or  two  of  the  least  objectionable  of  which  I  shall 
describe. 

1.  A  contrivance  of  some  ingenuity  consists  in  suffering  the  water  for  the  supply  of 
the  bath  to  flow  from  a  cistern  above  it,  throush  a  leaden  pipe  of  about  one  inch  diame- 
ter, which  is  conducted  into  the  kitchen  or  other  convenient  place,  where  a  large  boiler 
for  the  supply  of  hot  water  is  required.  The  bath-pipe  is  immersed  in  this  boiler,  in 
which  it  makes  many  convolutions,  and,  figain  emerging,  ascends  to  the  bath.  The  ope- 
ration is  simply  this  : — the  cold  water  passing  through  the  convolutions  of  that  part  of 
the  pipe  which  is  immersed  in  the  boiling  water,  receives  there  sufficient  heat  for  the 
purpose  required,  and  is  delivered  in  that  state  by  the  ascending  pipe  into  the  bath, 
which  is  also  supplied  with  cold  water  and  waste-pipes  as  usual.  The  pipe  may  be  of 
lead,  as  far  as  the  descending  and  ascending  parts  are  concerned,  but  the  portion  forming 
the  worm,  or  convolutions  immersed  in  the  boiler,  should  be  copper,  in  order  that  the  wa- 
ter within  it  may  receive  heat  without  impediment. 

This  plan  is  economical  only  where  a  large  boiler  is  constantly  kept  at  work  in  the 
lower  part  of  the  house;  otherwise,  the  trouble  and  expense  of  heating  such  a  boiler,  for 
the  mere  purpose  of  the  bath,  render  it  unavailable.  The  worm-pipe  is  also  apt  to  become 
furred,  upon  the  outside,  by  the  deposition  of  the  earthy  impurities  of  the  water  in  which 
it  is  immersed  ;  it  then  becomes  a  bad  conductor  of  heat,  is  cleansed  with  difficulty,  and 
the  plan  is  render-ed  ineffective.  This  system,  however,  has  been  adopted,  in  some  par- 
ticular cases,  with  satisfaction. 

2.  A  much  more  simple,  economical,  and  independent  mode  of  healing  a  warm 
bath,  by  a  fire  placed  at  a  distance  from  it,  is  the  following,  which  is  found  to  answer 
perfectly  in  private  houses,  as  well  as  upon  a  more  extended  scale  in  large  establish- 
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ments.  It  is  certainly  open  to  some  objections,  but  these  are  overbalanced  by  its  advan- 
tages. A  wagon-shaped  boiler,  holding  about  six  gallons  of  water,  is  properly  placed 
over  a  small  furnace,  in  any  convenient  and  safe  part  of  the  house,  as  the  kitchen,  scul- 
lery, servants'  hall,  or  wash-house.  The  bath  itself,  of  the  usual  dimensions  and  construc- 
tion, is  placed  where  it  is  wanted,  with  a  due  supply  of  cold  water  from  above.  Two 
pipes  issue  from  within  an  inch  of  the  bottom  of  the  bath  at  its  opposite  extremities  ;  one 
at  the  head  of  the  bath,  about  one  inch,  and  the  other  at  the  foot,  an  inch  and  one  eighth 
in  diameter.  These  tubes  descend  to  the  boiler,  the  smaller  one  entering  it  at  the  bot- 
tom, and  the  larger  one  issuing  from  its  top. 

Under  these  circumstances,  supposing  the  pipes  and  boiler  everywhere  perfectly  tight, 
when  the  bath  is  filled,  the  water  will  descend  into  and  expel  the  air  from  the  boiler,  and 
completely  fill  it.  Now,  upon  making  a  gentle  fire  under  the  boiler,  an  ascending  cur- 
rent of  warm  water  will  necessarily  pass  upwards  through  the  larger  pipe  which  issues 
from  its  top,  and  cold  water  will  descend  by  the  pipe  which  enters  at  the  bottom  ;  and 
thus,  by  the  establishment  of  currents,  the  whole  mass  of  water  in  the  bath  will  become 
heated  to  the  desired  point;  or,  if  above  it,  the  temperature  may  easily  be  lowered  by 
the  admixture  of  cold  water. 

The  advantages  of  this  form  of  bath  are  numerous.  The  shorter  the  pipes  of  com- 
munication the  better,  but  they  may  extend  forty  or  fifty  feet  without  any  incon- 
venience beyond  that  of  expense;  so  that  there  is  no  obstacle  to  the  bath  being  near 
the  bed-room  while  the  boiler  is  on  the  basement  story.  There  is  but  little  time  requir- 
ed for  heating  the  bath  ;  the  water  in  which  may,  if  requisite,  be  raised  to  about  100°  in 
about  half  an  hour  from  the  time  of  lighting  the  fire.  The  consumption  of  fuel  is  also 
trifling. 

The  following  are  the  chief  disadvantages  attendant  upon  this  plan,  and  the  means  of 
obviating  them : — 

It  is  necessary,  when  the  water  has  acquired  its  proper  temperature,  to  withdraw  the 
fire  from  the  boiler,  or  not  to  use  the  bath  immediately,  as  it  may  go  on  acquiring 
some  heat  from  the  boiler,  so  that  we  may  become  inconveniently  hot  in  the  bath. 
When,  therefore,  this  bath  is  used,  we  may  proceed  as  follows  : — heat  the  water  in  it 
an  hour  before  it  is  wanted,  to  about  100°,  and  then  extinguish  the  fire.  The  water 
will  retain  its  temperature,  or  nearly  so,  for  three  or  four  hours,  especially  if  the  bath 
be  shut  up  with  a  cover;  so  that  when  about  to  use  it,  cold  water  may  be  admitted  till 
the  temperature  is  lowered  to  the  required  point,  and  thus  all  the  above  inconveniences 
are  avoided. 

Another  disadvantage  of  this  bath  arises  from  too  fierce  a  fire  being  made  under  the 
boiler,  so  as  to  occasion  the  water  to  boil  within  it,  a  circumstance  which  ought  always 
to  be  carefully  avoided.  In  that  case,  the  steam  rising  in  the  upper  part  of  the  boiler, 
and  into  the  top  pipe,  condenses  there,  and  occasions  violent  concussions,  the  noise  of 
which  often  alarms  the  whole  house,  and  leads  to  apprehensions  of  explosion,  which, 
however,  is  very  unlikely  to  occur;  but  the  concussions  thus  produced  injure  the  pipes, 
and  may  render  them  leaky;  so  that  in  reeard  to  these,  and  all  other  baths,  &c.,  we 
may  remark,  that  the  pipes  should  pass  up  and  down  in  such  parts  of  the  house  as  will 
not  be  injured  if  some  leakage  takes  place  ;  and  under  the  bath  itself  should  be  a  suf- 
ficiently large  leaden  tray  with  a  waste-pipe,  to  receive  and  carry  off  any  accidental 
drippings,  which  might  injure  the  ceilings  of  the  rooms  below.  In  all  newly-built 
houses,  two  or  three  flues  should  be  left  in  proper  places  for  the  passage  of  ascending 
and  descending  water-pipes  ;  and  these  flues  should  in  some  way  receive  at  their  lower 
part  a  little  warm  air  in  winter,  to  prevent  the  pipes  freezing ;  the  same  attention  should 
also  be  paid  to  the  situation  of  the  cisterns  of  water  in  houses,  which  should  be  kept 
within  the  house,  and  always  supplied  with  a  very  ample  waste-pipe,  to  prevent  the 
danger  of  overflow.  Cisterns  thus  properly  placed,  and  carefully  constriicted,  should 
be  supplied  fiom  the  water-mains  by  pipes  kept  under  ground,  till  they  enter  the  house, 
and  not  carried  across  the  area,  or  immediately  under  the  pavement,  where  they  are 
liable  to  freeze. 

3.  Baths  are  sometimes  heated  by  steam,  which  has  several  advantages  :  it  may  either 
be  condensed  directly  into  the  water  of  the  bath,  or,  if  the  bath  be  of  copper  or  tinned 
iron,  it  may  be  conducted  into  a  casing  upon  its  outside,  usually  called  a  jacket ;  in 
the  latter  case  there  must  be  a  proper  vent  for  the  condensed  water,  and  for  the  escape 
of  air  and  waste  steam.  Steam  is  also  sometimes  passed  through  a  serpentine  pipe,  placed 
at  the  bottom  of  the  bath.  But  none  of  these  methods  are  to  be  recommended  for  adop- 
tion in  private  houses,  and  are  only  advisable  in  hospitals,  or  establishments  where 
steam  boilers  are  worked  for  other  purposes  than  the  mere  heating  of  baths. 

Many  copper  and  tin  baths  have  been  lately  constructed  in  London,  with  a  little 
furnace  attached  tc  one  end,  and  surrounded  with  a  case  or  jacket,  into  which  the  water 
flows  and  circulates  backwards  and  forwards  till  the  whole  mass  in  the  bath  gets 
heated  to  the  due  degree.     One  of  the  best  of  these  is  that  constructed  by  Mr.  Benharo, 
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of  Wigmore  street.  The  bath  must  be  placed  near  the  fire-grate,  and  the  smoke-pipe 
of  the  attached  furnace  be  conducted  up  the  chimney  a  certain  way  to  secure  a  sullicient 
draught  to  maintain  combustion.  The  above  bath,  well  managed,  heats  the  water  from 
50°  to  98°  in  about  20  or  25  minutes,  as  I  have  experimentally  proved.  When  the 
proper  temperature  is  attained,  the  fire  must  of  course  be  extinguished. 

BDELLIUM.  A  gum  resin,  produced  by  an  unknown  plant  which  grows  in 
Persia  and  Arabia.  It  comes  to  us  in  yellowish  or  reddish  pieces,  smells  faintly, 
like  myrrh,  and  consists  of  59  resin,  9"2  gum,  30"6  bassorine,  and  1*2  ethereous  oil. 

BEER.  (Biere,  Fr. ;  Bier,  Gez'm.)  The  fermented  infusion  of  malted  barley,  flavored 
with  hops,  constitutes  the  best  species  of  beer ;  but  there  are  many  beverages  of  inferior 
quality  to  which  this  name  is  given,  such  as  spruce  beer,  ginger  beer,  molasses  beer,  &c, ; 
all  of  which  consist  of  a  saccharine  liquor,  partially  advanced  into  the  vinous  fermentation, 
and  flavored  with  peculiar  substances. 

The  ancients  were  acquainted  with  beer,  and  the  Romans  gave  it  the  appropriate 
name  of  Cerevisia  (quasi  Ceresia),  as  being  the  product  of  corn,  the  gift  of  Ceres.  The 
most  celebrated  liquor  of  this  kind  in  the  old  time,  was  the  Pelusian  potation,  so  called 
from  the  town  where  it  was  prepared  at  the  mouth  of  the  Nile.  Aristotle  speaks  of  the 
intoxication  caused  by  beer;  and  Theophrastus  very  justly  denominated  it  the  wine  of 
barley.  We  may,  indeed,  infer  from  the  notices  found  in  historians,  that  drinks  analo- 
gous to  our  beer  were  in  use  among  the  ancient  Gauls,  Germans,  and  in  fact  almost  every 
people  of  our  temperate  zone ;  and  they  are  still  the  universal  beverage  in  every  land 
where  the  vine  is  not  au  object  of  rustic  husbandry. 

The  manufacture  of  beer,  or  the  art  of  brewing,  may  be  conveniently  considered  under 
five  heads : — 

1.  An  examination  of  the  natural  productions  which  enter  into  its  composition ;  or  of 
barley  and  hops. 

2.  The  changes  which  barley  must  undergo  to  fit  it  for  making  beer  ;  or  the  processes 
of  malting  and  mashing. 

3.  The  formation  of  a  proper  wort  from  the  mashed  malt  and  hops. 

4.  The  fermentation  of  that  wort ;  and, 

5.  The  fining,  ripening,  and  preservation  of  the  beer. 
I.   0/  the  materials. 

1.  Barley,  wheat,  maize,  and  several  other  kinds  of  corn  are  capable  of  undergoing  those 
fermentative  changes,  by  which  beer  may  be  made ;  but  the  first  substance  is  by  far  the 
fittest.  There  are  two  species  of  barley,  the  hordeum  vulgare  or  common  barley,  having 
two  seeds  arranged  in  a  row  on  its  spikes ;  and  the  hordeum  hexastichon,  in  which  three 
seeds  spring  from  one  point,  so  that  its  double  row  has  apparently  six  seeds.  The  former 
is  the  proper  barley,  and  is  much  the  larger  sized  grain ;  the  latter  is  little  known  in 
England,  but  is  much  cultivated  in  Scotland  under  the  name  of  bear  or  bigg ;  being  a 
hardy  plant  adapted  to  a  colder  country.  The  finer  the  climate  in  which  barley  grows, 
the  denser  and  larger  its  seed,  and  the  thinner  its  husk  ;  thus  the  Norfolk  and  Suflblk 
barley  is  distinguished  in  these  respects  from  that  of  Aberdeenshire.  Bigg  is  a  less  com- 
pact grain  than  barley ;  the  weight  of  a  Winchester  bushel  (2150*42  cubic  inches)  of 
the  former  is  only  about  47  lbs.,  while  that  of  a  bushel  of  the  latter  is  nearly  51  lbs. 
Their  constituents,  however,  bear  much  the  same  proportion  to  each  other. 

The  quality  of  barley  is  proved  not  only  by  its  density  when  dry,  but  by  the  increase 
of  volume  which  it  acquires  when  steeped  in  water.     Thus, 

100  measures  of  average  English  barley  thereby  swell  into  124. 

100      —        of    —        Scotch  ditto,  -        -        -         121. 

100      —        of    —  —     bigg  or  bear,  -         118. 

Nay,    100  of  very  fine  Suflfolk  barley  have  swollen  into  -         183. 

While  100  of  an  inferior  Scotch  bigg  became  no  more  than      -         109. 

This  circumstance  indicates  so  nearly  the  probable  yield  of  malt,  that  it  is  carefully 
attended  to  by  the  officers  of  excise,  who  gauge  the  steep  cistern,  and  levy  their  duty  in 
conformity  with  the  largest  volume.  100  pounds  of  good  barley  become  almost  one  half 
heavier  by  the  absorption  of  moisture;  and  weigh  upon  an  average  147  pounds ;  the  best 
of  course  taking  up  most  water. 

By  chemical  analysis  barley  flour  seems  to  consist  of  67-18  parts  of  hordeine,  or  starch 
and  gluten  intimately  combined,  7*29  of  vegetable  fibre,  M5  of  coagulated  alburjen, 
3-52  parts  of  gluten,  5'21  of  sugar,  4-62  of  gum,  0*24  of  phosphate  of  lime,  and  9-37  of 
water.  The  loss  amounted  to  1-42.  To  these  principles  should  be  added  a  peculiar 
volatile  oil  of  a  concrete  nature,  which  is  obtained  during  the  process  of  distilling  fer- 
mented malt  wash.  (See  Whiskey.)  It  may  also  be  extracted  from  barley  flour,  by  the 
solvent  action  of  alcohol ;  and  never  amounts  to  more  than  a  few  parts  in  the  thousand. 
The  husk  also  contains  some  of  that  fetid  oil.  Proust  thought  that  he  had  discovered  in 
barley  a  peculiar  principle,  to  which  he  gave  the  name  of  hordeiiie ;  and  which  he  sepa- 
rated from  starch  by  the  action  of  both  cold  and  boiling  water.     He  found  that  by  treat- 
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ing  barley  meal  successively  with  water,  he  obtained  from  89  to  90  parts  of  a  farinaceous 
substance,  composed  of  from  32  to  33  of  starch,  and  from  57  to  58  of  hordeme.  Einhof 
obtained  from  barley  seeds,  70-05  of  flour,  18-75  of  husks  or  bran,  and  11-20  of  water. 

According  to  Proust,  hoideine  is  a  yellowish  powder,  not  unlike  fine  saw-dust.  It 
contains  no  azote,  for  it  aflbrds  no  ammonia  by  distillaiion,  and  is  therefore  very  dissimi- 
lar to  gluten.  In  the  germination  of  barley,  which  cofislitutes  the  process  of  malting, 
the  proportion  of  hordeine  is  greatly  diminished  by  its  conversion  into  sugar  and  starch. 
Other  chemists  suppose  that  the  hordeine  of  Proust  is  merely  a  mixture  of  the  bran  of 
the  barley  with  starch  and  gluten.  It  is  obvious  that  the  subject  stands  in  need  of  new 
chemical  researches.  In  barley  the  husk  constitutes  from  one  fourth  to  one  fifth  of  the 
whole  weight;  in  oats  it  constitutes  one  third;  and  in  wheat  one  tenth.  From  the  ana- 
lysis of  barley  flour  recently  made,  it  appears  to  consist  in  1000  parts  :  of  water,  100  ;  al- 
bumen, 22-3;  sugar,  56;  gum  or  mucilage,  50;  gluten,  37-6  ;  starch,  720  ;  phosphate 
of  lime,  2-5. 

2.  The  hop,  kumulus  lupulus,  the  female  flowers  of  the  plant.  Ives  first  directed  attention 
to  a  yellow  pulverulent  substance  which  invests  the  scales  of  the  catkins,  amounting  to 
about  one  eighth  of  their  weight ;  and  referred  to  it  the  valuable  properties  Avhich  hops  im- 
part to  beer.  We  may  obtain  this  substance  by  dryins  the  hops  at  a  temperature  of  86° 
F.,  introducing  them  into  a  coarse  canvass  bag,  and  shaking  it  so  that  the  yellow  powder 
shall  pass  through  the  pores  of  the  canvass.  This  powder  bears  some  resemblance  to  lyco- 
podium.  Of  the  13  parts  in  100  of  this  powder,  4  parts  are  foreign  matters,  derived  from 
the  scales  of  the  cones ;  leaving  9  parts  of  a  peculiar  granular  substance.  When  distilled 
with  water,  this  substance  aflbrds  two  per  cent,  of  its  weight  (2  for  100  times  the 
weight  of  hops)  of  a  volatile  colorless  oil,  to  which  the  plant  owes  its  peculiar  aroma. 
This  oil  dissolves  in  water  in  considerable  quantity.  It  appears  to  contain  sulphur  (for 
it  blackens  solutions  of  silver),  and  also  acetate  of  ammonia.  No  less  than  65  per  cent, 
of  the  yellow  dust  is  soluble  in  alcohol.  This  solution,  treated  with  water  and  distilled, 
leaves  a  resin,  which  amounts  to  52-5  per  cent.  It  has  no  bitter  taste,  and  is  soluble  in 
alcohol  and  ether.  The  watery  solution  from  which  the  resin  was  separated  contains  the 
bitter  substance  which  has  been  called  lupnliiie  by  Payen  and  Chevallier,  mixed  with  a 
little  tannin  and  malic  acid.  To  obtain  this  in  a  state  of  purity,  the  free  acid  must  be 
saturated  with  lime,  the  solution  evaporated  to  dryness,  and  the  residuum  must  be  treated 
with  ether,  which  removes  a  little  resin  ;  afier  which  the  Jujndine  is  dissolved  ou*^  by  al- 
cohol, which  leaves  the  malate  of  lime.  On  evaporating  away  the  alcohol,  the  lupuline 
remains,  weighing  from  8-3  to  12-5  per  cent.  It  is  sometimes  white,  or  sliahtly  yel- 
lowish, and  opaque,  sometimes  orange  yellow  and  transparent.  At  ordinary  tempera- 
tures it  is  inodorous,  but  when  heated  stronsly  it  emits  the  smell  of  hops.  It  possesses 
the  characteristic  taste  and  bitterness  of  the  hop.  Water  dissolves  it  only  in  the  propor- 
tion of  5  per  cent.,  but  it  thereby  acquires  a  pale  yellow  color.  Lnpuline  is  neither 
acid  nor  alJialine ;  it  is  acted  upon  neither  by  the  dilute  acids  nor  alkalis,  nor  by  the 
solutions  of  the  metallic  salts ;  it  is  quite  soluble  in  alcohol,  but  hardly  in  ether.  It 
contains  apparently  no  azote,  for  it  aflbrds  no  ammonia  by  destructive  distillation  ;  but 
only  an  empyreumatic  oil. 

The  yeUow  dust  of  hops  contain?,  moreover,  traces  of  a  fatty  matter,  gum,  a 
small  quantity  of  an  azotized  substance,  and  several  saline  combinations  in  minute 
quantity.  Boiling  water  dissolves  from  19  to  31  per  cent,  of  the  contents  of  the  dust,  of 
which  a  large  proportion  is  resin.  Ives  thoueht  that  the  scales  of  the  catkins  of  hops,  when 
freed  from  the  yellow  powder,  contained  no  principles  analogous  to  it ;  but  Payen  and 
Chevallier  have  proved  the  contrary.  The  cones  of  hop  give  up  to  boiling  alcohol  36 
per  cent,  of  soluble  matter;  while  the  same  cones,  stripped  of  their  yellow  powder,  yield 
only  26  per  cent. ;  and  further,  these  chemists  found  the  same  principles  in  the  different 
parts  of  the  hop,  but  in  diflerent  proportions. 

The  packing  of  the  hop  catkins  or  cones  is  one  of  the  most  important  operations 
towards  the  preservation  of  this  plant;  and  is  probably  the  cause  of  the  enormous  dif- 
ference in  value  between  the  English  and  French  hops  after  a  few  years  keeping.  The 
former,  at  the  end  of  six  years,  possess  still  great  value,  and  may  be  sold  as  an  article 
only  two  or  three  years  old ;  whUe  the  latter  have  lost  the  greater  part  of  their  value  in 
three  years,  and  are  no  more  saleable  at  the  end  of  four.  In  France,  it  is  packed  merely 
by  tramping  it  with  the  feet  in  sacks.  Under  this  slight  pressure,  large  interstitial 
spaces  are  left  amid  the  mass  of  the  hops,  through  which  the  air  freely  circulates,  car- 
rying oft'  the  essential  oil,  and  oxygenating  some  of  the  other  proximate  principles,  so  as 
to  render  them  inert.  By  the  English  method,  on  the  contrary,  the  hops,  after  being 
well  rammed  into  strong  sacks  hung  in  frames,  are  next  subjected  to  the  action  of  a 
hydraulic  press.  The  valuable  yellow  powder  thus  enclosed  on  every  side  by  innu- 
merable compact  scales,  is  completely  screened  from  the  contact  of  the  atmosphere,  and 
from  all  its  vicissitudes  of  humidity.  Its  essential  oil,  in  particular,  the  basis  of  its  flavor, 
is  preserved  without  decay. 
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According  to  the  experiments  of  Chevallier  and  Payen  upon  the  hops  of  England, 
Flanders,  the  Netherlands,  and  the  department  of  the  Vosges,  those  of  the  county  of  Kent 
afforded  the  largest  cones,  and  were  most  productive  in  useful  secreted  and  soluble  mat- 
ters.    Next  to  them  were  the  hops  of  Alost. 

The  best  hops  have  a  golden  yellow  color,  large  cones,  an  agreeable  aroma  :  when  rub- 
bed between  the  hands,  they  leave  yellow  traces,  powerfully  odoriferous,  without  any 
broken  portions  of  the  plant,  such  as  leaves,  stems,  and  scaly  fragments.  When  alcohol 
is  digested  on  good  hops,  from  9  to  12  per  cent,  of  soluble  yellow  matter  may  be  obtained 
by  evaporating  it  to  dryness.     This  is  a  good  test  of  their  quality. 

The  best-flavored  and  palest  hops  are  packed  in  sacks  of  fine  canvass,  which  are  call- 
ed pockets,  and  weigh  about  ]§  cwt.  each.  These  are  bought  by  the  ale  brewer.  The 
stronger-flavored  and  darker-colored  hops  are  packed  in  bags  of  a  very  coarse  texture 
like  door-mats,  called  hop  bags  :  these  contain  generally  about  3  cwt.,  and  are  sold  to  the 
porter  and  beer  brewers.  After  the  end  of  a  year  or  two,  hops  are  reckoned  to  have  lost 
much  of  their  marketable  value,  and  are  then  sold  lo  the  second-rate  porter  brewers,  un- 
der the  name  of  old  hops.  The  finest  hops  are  grown  in  the  neighborhood  of  Canterbury ; 
but  those  of  Worcester  have  an  agreeable  mildness  of  flavor,  greatly  admired  by  many 
ale  drinkers.  When  the  bitter  and  aromatic  principles  disappear,  the  hops  are  no  better 
than  so  much  chaff;  therefore,  an  accurate  chemical  criterion  of  their  principles  would 
be  a  great  benefit  to  the  brewer. 

n.  Malting. — This  process  consists  of  three  successive  operations ;  the  steepm^ ;  the 
couching,  sweating,  and  flooring ;  and  the  kiln-drying. 

The  steeping  is  performed  in  large  cisterns  made  of  wood  or  stone,  which  being  filled 
with  clear  water  up  to  a  certain  height,  a  quantity  of  barley  is  shot  into  ihem,  and  well 
stirred  about  with  rakes.  The  good  grain  is  heavy,  and  subsides ;  the  lighter  grains, 
which  float  on  the  surface,  are  damaged,  and  should  be  skimmed  oflT;  for  they  would  in' 
jure  the  quality  of  the  malt,  and  the  flavor  of  the  beer  made  with  it.  They  seldom  amount 
to  more  than  two  per  cent.  More  barley  is  successively  emptied  into  the  steep  cistern, 
till  the  water  stands  only  a  few  inches,  about  five,  above  its  surface ;  when  this  is  levelled 
very  carefully,  and  every  light  seed  is  removed.  The  steep  lasts  from  forty  to  sixty  hours, 
according  to  circumstances ;  new  barley  requiring  a  longer  period  than  old,  and  bigg  re- 
quiring much  less  time  than  barley. 

During  this  steep,  some  carbonic  acid  is  evolved  from  the  grains,  and  combines  with 
the  water,  which,  at  the  same  time,  acquires  a  yellowish  tinge,  and  a  strawy  smell,  from 
dissolving  some  of  the  extractive  matter  of  the  barley  husks.  The  grain  imbibes  about 
one  half  its  weight  of  water,  and  increases  in  size  by  about  one  fifth.  By  losing  this  ex- 
tract, the  husk  becomes  about  one  seventieth  lighter  in  weight,  and  paler  in  color. 

The  duration  of  the  steep  depends,  in  some  measure,  upon  the  temperature  of  the  air, 
and  is  shorter  in  summer  than  in  winter.  In  general  from  40  to  48  hours  will  be 
found  sufficient  for  sound  dry  grain.  Steeping  has  for  its  object  to  expand  the  farina 
of  the  bailey  with  humidity,  and  thus  prepare  the  seed  for  germination,  in  the  same  way 
as  the  moisture  of  the  earth  prepares  for  the  growth  of  the  radicle  and  plumula  in  seed 
sown  in  it.  Too  long  continuance  in  the  steep  is  injurious;  because  it  prevents  the 
germination  at  the  proper  time,  and  thereby  exhausts  a  portion  of  the  vegetative  power : 
it  causes  also  an  abstraction  of  saccharine  matter  by  the  water.  The  maceration  is  known 
to  be  complete  when  the  grain  may  be  easily  transfixed  with  a  needle,  and  is  swollen 
to  its  full  size.  The  following  is  reckoned  a  good  test : — If  a  barley-corn,  when  pressed 
between  the  thumb  and  fingers,  continues  entire  in  its  husk,  it  is  not  sufficiently  steeped ; 
but  if  it  sheds  its  flour  upon  the  fingers,  it  is  ready.  When  the  substance  exudes  in  the 
form  of  a  milky  juice,  the  steep  has  been  too  long  continued,  and  the  barley  is  spoiled  for 
germination. 

In  warm  weather  it  sometimes  happens  that  the  water  becomes  acescent  before  the 
grain  is  thoroughly  swelled.  This  accident,  which  is  manifest  to  the  taste  and  smell, 
must  be  immediately  obviated  by  drawing  off  the  foul  water  through  the  tap  at  the  bottom 
of  the  cistern,  and  replacing  it  with  fresh  cold  water.  It  does  no  harm  to  renew  it  two 
or  three  times  at  one  steep. 

The  couch. — The  water  being  drawn  off,  and  occasionally  a  fresh  quantity  passed 
through,  to  wash  away  any  slimy  matter  which  may  have  been  generated  in  warm 
weather,  the  barley  is  now  laid  upon  the  couch  floor  of  stone  flags,  in  square  heaps  from 
12  to  16  inches  high,  and  left  in  that  position  for  24  hours.  At  this  period,  the  bulk 
of  the  grain  being  the  greatest,  it  may  be  gauged  by  the  revenue  officers  if  tliey  think 
fit.  The  moisture  now  leaves  the  surface  of  the  barley  so  completely,  that  it  imparts 
no  dampness  to  the  hand.  By  degrees,  however,  it  becomes  warm  ;  the  temperature 
rising  10°  above  the  atmosphere,  while  an  agreeable  fruity  smell  is  evolved.  At  this  time, 
if  the  hand  be  thrust  into  the  heap,  it  not  only  feels  warm,  but  it  gets  bedewed  with 
moisture.  At  this  sweating  stage,  the  germination  begins ;  the  fibrils  of  the  radicle 
fust  sprout  forth  from  the  tip  of  every  g"ain,  and  a  white  elevation  appears,  that  soon 


m  BEER. 

separates  into  three  or  more  radicles,  which  grow  rapidly  larger.  About  a  day  after  this 
appearance,  the  plumula  peeps  forth  at  the  same  point,  proceeding  thence  beneath  the 
husk  to  the  other  end  of  the  seed,  in  the  form  of  a  green  leaflet. 

The  greatest  heat  of  the  couch  is  usually  about  96  hours  after  the  barley  has  been 
taken  out  of  the  steep.  In  consequence,  the  radicles  tend  to  increase  in  length  with 
very  great  rapidity,  and  must  be  checked  by  artificial  means,  which  constitute  the 
chief  art  of  the  maltster.  He  now  begins  to  spread  the  barley  thinner  on  the  floor, 
and  turns  it  over  several  times  in  the  course  of  a  day,  bringing  the  portions  of  the 
interior  into  the  exterior  surface.  The  depth,  which  was  originally  15  or  16  inches, 
is  lowered  a  little  at  every  turning  over,  tiU  it  be  brought  eventually  down  to  three 
or  four  inches.  Two  turnings  a  day  are  generally  required.  At  this  period  of  spread- 
ing or  flooring,  the  temperature  in  England  is  about  62°,  and  in  Scotland  5  or  6  degrees 
lower. 

About  a  day  after  the  radicles  appear,  the  rudiments  of  the  stem,  or  of  the  plumula, 
sprout  forth,  called  by  the  English  maltsters  the  acrospire.  It  issues  from  the  same  end 
of  the  seed  as  the  radicle,  but  turns  round,  and  proceeds  within  the  husk  towards  the  other 
end,  and  would  there  come  forth  as  a  green  leaf,  were  its  progress  not  arrested.  The 
malting,  however,  is  complete  before  the  acrospire  becomes  a  leaf. 

The  barley  couch  absorbs  oxygen  and  emits  carbonic  acid,  just  as  animals  do  in  breath- 
ing, but  to  a  very  limited  extent;  for  the  grain  loses  only  three  per  cent,  of  its  weight 
upon  the  malt  floor,  and  a  part  of  this  loss  is  due  to  waste  particles.  As  the  acrospire 
creeps  along  the  surface  of  the  seed,  the  farina  within  undergoes  a  remarkable  altera- 
tion. The  gluten  and  mucilage  disappear,  in  a  great  measure,  the  color  becomes  whiter. 
and  the  substance  becomes  so  friable  that  it  crumbles  into  meal  between  the  fingers. 
This  is  the  great  purpose  of  malting,  and  it  is  known  to  be  accomplished  when  the  plu- 
mula or  acrospire  has  approached  the  end  of  the  seed.  Now  the  further  growth  must 
be  completely  stopped.  Fourteen  days  may  be  reckoned  the  usual  duration  of  the 
germinating  stage  of  the  malting  opei-ations  in  England ;  but  in  Scotland,  where  the 
temperature  of  the  couch  is  lower,  eighteen  days,  or  even  twenty-one,  are  sometimes  re- 
quired. The  shorter  the  period  within  the  above  limits,  the  more  advantageous  is  the 
process  to  the  maltster,  as  he  can  turn  over  his  capital  the  sooner,  and  his  malt  is  also 
somewhat  the  better.  Bigg  is  more  rapid  in  its  germination  than  barley,  and  requires  to 
be  still  more  carefully  watched.  In  dry  weather  it  is  sometimes  necessary  to  water  the 
barley  upon  the  couch. 

Occasionally  the  odor  disengaged  from  the  couch  is  oflfensive,  resembling  that  of 
rotten  apples.  This  is  a  bad  prognostic,  indicating  either  that  the  barley  was  of  bad 
quality,  or  that  the  workmen,  through  careless  shovelling,  have  crushed  a  number  of  the 
grains  in  turning  them  over.  Hence  when  the  weather  causes  too  quick  germination,  i1 
is  better  to  check  it  by  spreading  the  heap  out  thinner  than  by  turning  it  too  frequently 
over.  On  comparing  different  samples  of  barley,  we  shaU  find  that  the  best  develop  the 
germ  or  acrospire  quicker  than  the  radicles,  and  thus  occasion  a  greater  production  of 
the  saccharine  principle;  this  conversion  advances  along  with  the  acrospire,  and  keep; 
pace  with  it,  so  that  the  portion  of  the  seed  to  which  it  has  not  reached  is  still  in  its  un 
altered  starchy  state.  It  is  never  complete  for  any  single  barleycorn  till  the  acrospire 
has  come  to  the  end  opposite  to  that  from  which  it  sprung  ;  hence  one  part  of  the  corn 
may  be  sugary,  while  the  other  is  still  insipid.  If  the  grain  were  allowed  to  vegetate 
beyond  this  term,  the  radicles  being  fully  one  third  of  an  inch  long,  the  future  stem  would 
become  visibly  green  in  the  exterior;  it  would  shoot  forth  rapidly,  the  interior  of  the 
grain  would  become  milky,  with  a  complete  exhaustion  of  all  its  useful  constituents, 
and  nothing  but  the  husk  would  remain. 

In  France,  the  brewers,  who  generally  malt  their  barley  themselves,  seldom  leave  it  on 
the  couch  more  than  8  or  10  days,  which,  even  taking  into  account  the  warmer  climate 
of  their  country,  is  certainly  too  short  a  period,  and  hence  they  make  inferior  wort  to  the 
English  brewer,  from  the  same  quantity  of  malt. 

At  the  end  of  the  germination,  the  radicles  have  become  l\  longer  than  the  barley, 
and  are  contorted  so  that  the  corns  hook  into  one  another,  but  the  acrospire  is  just 
beginning  to  push  through.  A  moderate  temperature  of  the  air  is  best  adapted  to  malt- 
ing; therefore  it  cannot  be  carried  on  well  during  the  heat  of  summer  or  the  colds  of 
winter.  Malt-floors  should  be  placed  in  substantial  thick-waUed  buildings,  without 
access  of  the  sun,  so  that  a  uniform  temperattire  of  59°  or  60°  may  prevail  inside. 
Some  recommend  them  to  be  sunk  a  little  under  the  surface  of  the  ground,  if  the 
situation  be  dry. 

During  germination  a  remarkable  change  has  taken  place  in  the  substance  of  the 
grain.  The  glutinous  constituent  has  almost  entirely  disappeared,  and  is  supposed  to 
have  passed  into  the  matter  of  the  radicles,  whUe  a  portion  of  the  starch  is  converted 
into  sugar  and  mucilage.  The  change  is  similar  to  what  starch  undergoes  when 
dissolved  in  water,  and  digested  in  a  heat  of  about  160°  F.  along  with  a  little  gluten. 
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The  thick  paste  becomes  gradually  liquid,  transparent,  and  sweet  tasted,  and  the  solution 
contains  now,  sugar  and  gum,  mixed  with  some  unaltered  starch.  The  gluten  suffers  a 
change  at  the  same  time,  and  becomes  acescent,  so  that  only  a  certain  quantity  of  starch 
can  be  thus  converted  by  a  quantity  of  gluten.  By  the  artificial  growth  upon  the  malt- 
floor,  all  the  gluten  and  albumen  present  in  barley  is  not  decomposed,  and  only  about 
one  half  of  the  starch  is  converted  into  sugar ;  the  other  half,  by  a  continuance  of  the 
germination,  would  only  go  to  the  growth  of  the  I'oots  and  stems  of  the  plant;  but  it  re- 
ceives its  nearly  complete  conversion  into  sugar  without  any  notable  waste  of  substance 
in  the  brewer's  operation  of  mashing. 

The  kiln-drying. — When  the  malt  has  become  perceptibly  dry  to  the  hand  upon 
the  floor,  it  is  taken  to  the  kiln,  and  dried  hard  with  artificial  heat,  to  stop  aU  further 
growth,  and  enable  it  to  be  kept,  without  change,  for  future  use,  at  any  time.  The 
malt-kiln,  which  is  particularly  described  in  the  next  page,  is  a  round  or  a  square 
chamber,  covered  with  perforated  plates  of  cast  iron,  whose  area  is  heated  by  a  stove  or 
furnace,  so  that  not  merely  the  plates  on  which  the  malt  is  laid  are  warmed,  but  the  air 
which  passes  up  through  the  stratum  of  malt  itself,  with  the  effect  of  carrying  off  very 
rapidly  the  moisture  from  the  grains.  The  layer  of  malt  should  be  about  3  or  4  inches 
thick,  and  evenly  spread,  and  its  heat  should  be  steadily  kept  at  from  the  90th  to  the 
100th  degree  of  Fahrenheit's  scale,  tUl  the  moisture  be  mostly  exhaled  from  it.  During 
this  time  the  malt  must  be  turned  over  at  first  frequently,  and  latterly  every  three  or 
four  hours.  When  it  is  nearly  dry,  its  temperature  should  be  raised  to  from  145°  to 
165°  F.,  and  it  must  be  kept  at  this  heat  till  it  has  assumed  the  desired  shade  of  color, 
which  is  commonly  a  brownish-yellow  or  a  yellowish-brown.  The  fire  is  now  allowed 
to  die  out,  and  the  malt  is  left  on  the  plates  till  it  has  become  completely  cool ;  a  result 
promoted  by  the  stream  of  cool  air,  which  now  rises  up  through  the  bars  of  the  grate ; 
or  the  thoroughly  dry  browned  malt  may,  by  damping  the  fire,  be  taken  hot  from  the 
plates,  and  cooled  upon  the  floor  of  an  adjoining  apartment.  The  prepared  malt  must 
be  kept  in  a  dry  loft,  where  it  can  be  occasionally  turned  over  till  it  is  used.  The 
period  of  kiln-drying  should  not  be  hurried.  Many  persons  employ  two  days  in  this 
operation.  • 

According  to  the  color  and  the  degree  of  drying,  malt  is  distributed  into  three  sorts  . 
pale,  yellow,  and  brown.  The  first  is  produced  when  the  highest  heat  to  which  it  has 
been  subjected  is  from  90°  to  100°  F. ;  the  amber  yellow,  when  it  has  suffered  a  heat 
of  122°;  and  the  brown  when  it  has  been  treated  as  above  described.  The  black  malt 
used  by  the  porter  brewer  to  color  his  beer,  has  suffered  a  much  higher  heat,  and  is 
partially  charred.  The  temperature  of  the  kiln  should,  in  all  cases,  be  most  gradually 
raised,  and  most  equably  maintained.  If  the  heat  be  too  great  at  the  beginning,  the 
husk  gets  hard  dried,  and  hinders  the  evaporation  of  the  water  from  the  interior  sub- 
stance; and  should  the  interior  be  dried  by  a  stronger  heat,  the  husk  will  probably  splil, 
and  the  farina  become  of  a  horny  texture,  very  refractory  in  the  mash-tun.  In  general, 
it  is  preferable  to  brown  malt,  rather  by  a  long-continued  moderate  heat,  than  by  a  more 
violent  heat  of  shorter  duration,  which  is  apt  to  carbonize  a  portion  of  the  mucilaginous 
sugar,  and  to  damage  the  article.  In  this  way,  the  sweet  is  sometimes  converted  into  a 
bitter  principle. 

During  the  kiln-drying,  the  roots  and  acrospire  of  the  barley  become  brittle,  and  fall 
off;  and  are  separated  by  a  wire  sieve  whose  meshes  are  too  small  to  allow  the  malt 
itself  to  pass  through. 

A  quantity  of  good  barley,  which  weighs  100  pounds,  being  judiciously  malted,  will 
weigh,  after  drying  and  sifting,  80  pounds.  Since  the  raw  grain,  dried  by  itself  at  the 
same  temperature  as  the  malt,  would  lose  12  per  cent,  of  its  weight  in  water,  the  malt 
process  dissipates  out  of  these  remaining  88  pounds,  only  8  pounds,  or  8  per  cent,  of  the 
raw  barley.    This  loss  consists  of — 

1§  per  cent,  dissolved  out  in  the  steep  water, 
3        —         dissipated  in  the  kiln, 
3        —        by  the  falling  of  the  fibrils, 
I      —        of  waste. 

The  bulk  of  good  malt  exceeds  that  of  the  barley  from  which  it  was  made,  by  about  8 
or  9  per  cent. 

The  operation  of  kiln-drying  is  not  confined  to  the  mere  expulsion  of  the  moisture 
from  the  germinated  seeds ;  but  it  serves  to  convert  into  sugar  a  portion  of  the  starch 
which  remained  unchanged,  and  that  in  a  twofold  way;  first,  by  the  action  of  the 
gluten  upon  the  fecula  at  an  elevated  temperature,  as  also  by  the  species  of  roasting 
which  the  starch  undergoes,  and  which  renders  it  of  a  gummy  nature.  (See  Starch.) 
We  shall  have  a  proof  of  this  explanation,  if  we  dry  one  portion  of  the  malt  in  a 
naturally  dry  atmosphere,  and  another  in  a  moderately  warm  kiln;  the  former  will 
yield  less  saccharine  extract  than  the  latter.  Moreover,  the  kUn-dried  malt  has  a  pe- 
culiar, agreeable,  and  faintly  burned  taste,  probably  from  a  small  portion  of  erapy- 
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reamatic  oil  formed  in  the  husk,  and  which  not  only  imparts  its  flavor  to  the  beer,  but 
also  contributes  to  its  preservation.  It  is  therefore  obvious,  that  the  skilful  preparation 
of  the  malt  must  have  the  greatest  influence  both  on  the  quantity  and  quality  of  the  worts 
to  be  made  from  it.  If  the  germination  be  pushed  too  far,  apart  of  the  extractible  mat- 
ter is  wasted ;  if  it  has  not  advanced  far  enough,  the  malt  will  be  too  raw,  and  too  much 
of  its  substance  will  remain  as  an  insoluble  starch  ;  if  it  is  too  highly  kiln-dried,  a  portion 
of  its  su?ar  will  be  caramelized,  and  become  bitter  ;  and  if  the  sweating  was  imperfect 
or  iiregular,  much  of  the  barley  may  be  rendered  lumpy  and  useless.  Good  malt  is  dis- 
tinguishable by  the  following  characters  : — 

The  grain  is  round  and  full,  breaks  freely  between  the  teeth,  and  has  a  sweetish  taste, 
an  asreeable  smell,  and  is  full  of  a  soft  flour  from  end  to  end.  It  aflbrds  no  unpleasant 
flavor  on  being  chewed  ;  it  is  not  hard,  so  that  when  drawn  along  an  oaken  table  across 
the  fibres,  it  leaves  a  white  streak,  like  chalk.  It  swims  upon  water,  while  unmalted 
barley  sinks  in  it.  Since  the  quality  of  the  malt  depends  much  on  that  of  the  barley,  the 
same  sort  only  should  be  used  for  one  malting.  New  barley  germinates  quicker  than 
old,  which  is  more  dried  up  ;  a  couch  of  a  mixture  of  the  two  would  be  irregular,  and 
difficult  to  regulate. 

Description  of  the  malt-kiln. — Figs.  97,  98,  99,  100,  exhibit  the  construction  of  a  well- 
contrived  malt-kiln.  Fig.  97,  is  the  ground  plan  :  fig.  98  is  the  vertical  section  ;  and 
figs.  99  and  100,  a  horizontal  and  vertical  section  in  the  line  of  the  malt-plates.  The  same 
letters  denote  the  same  parts  in  each  of  the  figures.     A  cast-iron  cupola-shaped  oven  is 
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supported  in  the  middle,  upon  a  wall  of  brickwork  four  feet  high ;  and  beneath  it,  are  the 
grate  and  its  ash-pit.  The  smoke  passes  off"  throush  two  equi-distant  pipes  into  the  chim- 
ney. The  oven  is  surrounded  with  four  pillars,  on  whose  top  a  stone  lintel  is  laid  :  a  is 
the  grate,  9  inches  below  the  sole  of  the  oven  b ;  c  c  c  c  are  the  four  nine-inch  strong 
pillars  of  brickwork  which  bear  the  lintel  m  ;  d  d  d  d  d  d  are  strong  nine-inch  pillars, 
which  support  the  girder  and  joists  upon  which  perforated  plates  repose ;  e  denotes  a 
vaulted  arch  on  each  of  the  four  sides  of  the  oven ;  /  is  the  space  between  the  kiln 
and  the  side  arch,  into  which  a  workman  may  enter,  to  inspect  and  clean  the  kiln  ;  g  g, 
the  walls  on  either  side  of  the  kiln,  upon  which  the  arches  rest;  h,  the  space  for  the  ashes 
to  fall ,  fr,  the  fire-door  of  the  kiln  ;  I  /,  junction-pieces  to  connect  the  pipes  r  r  with 
the  kiln;  the  mode  of  attaching  them  is  shown  in  fig.  99.  These  smoke-pipes  lie 
about  three  feet  under  the  iron  plates,  and  at  the  same  distance  from  the  side  walls ; 
they  are  supported  upon  iron  props,  which  are  made  fast  to  the  arches.     In  fig.  98,  « 
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shows  their  section ;  at  s  «,  fig.  99,  they  enter  the  chimney,  which  is  provided  with  two 
register  or  damper  plates,  to  regulate  the  draught  through  the  pipes.  These  registers 
ate  represented  by  t  t,  fig.  100,  which  shows  a  perpendicular  section  of  the  chimney, 
tn,  fig.  98,  is  the  lintel  which  causes  the  heated  air  to  spread  laterally  instead  of 
ascending  in  one  mass  in  the  middle,  and  prevents  any  combustible  particles  from  falling 
upon  the  iron  cupola,  n  n  are  the  main  girders  of  iron  for  the  iron  beams  o  o,  upon 
which  the  perforated  plates  p  lie;  q,fig.  98,  is  the  vapor  pipe  in  the  middle  of  the  roof, 
which  allows  the  steam  of  the  drying  malt  to  escape.  The  kiln  may  be  heated  either 
with  coal  or  wood. 

The  size  of  this  kiln  is  about  20  feet  square ;  but  it  may  be  made  proportionally  either 
smaller  or  greater.  The  perforated  floor  should  be  large  enough  to  receive  the  contents 
of  one  steep  or  couch. 

The  perforated  plate  might  be  conveniently  heated  by  steam  pipes,  laid  zig-zag,  or  in 
parallel  l.iies  under  it;  or  a  wire-gauze  web  might  be  stretched  upon  such  pipes.  ■fThe 
wooden  joists  of  a  common  floor  would  answer  perfectly  to  support  this  steam-range,  and 
the  heat  of  the  pipes  would  cause  an  abundant  circulation  of  air.  For  drying  the  pale 
malt  of  the  ale  brewer,  this  plan  is  particularly  well  adapted. 

The  kiln-dried  malt  is  sometimes  ground  between  stones  in  a  common  corn  mill,  like 
oatmeal ;  but  it  is  more  generally  crushed  between  iron  rollers,  at  least  for  the  purposes 
of  the  London  brewers. 

The  crushing  mill. — The  cylinder  malt-mill  is  constructed  as  shown  in  figs.  101,  102. 
I  is  the  sloping-trough,  by  which  the  Nmalt  is  let  down   from  its  bin  or  floor  to    the 

hopper  A  of  the  mill,  whence 
it  is  progressively  shaken  in 
between  the  rollers  B  D.  The 
rollers  are  of  iron,  truly  cylin- 
drical, and  their  ends  rest  in 
bearers  of  hard  brass,  fitted  into 
the  side  frames  of  iron.  A  screw 
E  goes  through  the  upright, 
and  serves  to  force  the  bearer 
of  the  one  roUer  towards  that  of 
the  other,  so  as  to  bring  them 
closer  together  when  the  crush- 
ing effect  is  to  be  increased.  G 
is  the  square  end  of  the  axis, 
by  which  one  of  the  rollers 
may  be  turned  either  by  the 
hand  or  by  power;  the  other 
derives  its  rotatory  motion  from  a  pair  of  equal-toolhed  wheels  H,  which  are  fitted  to 
the  other  end  of  the  axes  of  the  rollers,  diss,  catch  which  works  into  the  teeth  of 
a  ratchet-wheel  on  the  end  of  one  of  the  rollers  (not  shown  in  this  view.)  The  lever 
c  strikes  the  trough  b  at  the  bottom  of  the  hopper,  and  gives  it  the  shaking  motion  for 
discharging  the  malt  between  the  rollers,  fiom  the  slide  sluice  a.  e  e,fig.  101,  are 
scraper-plates  of  sheet  iron,  the  edges  of  which  press  by  a  weight  against  the  surfaces 
of  the  rollers,  and  keep  them  clean. 

Instead  of  the  cylinders,  some  employ  a  crushing  mill  of  a  conical-grooved  form  like  a 
coffee-mill,  upon  a  large  scale.     (See  the  general  plan,  infra.) 

The  mashing  and  boiling. — Mashing  is  the  operation  by  which  the  wort  is  extracted, 
or  eliminated  from  the  malt,  and  whereby  a  saccharo-mucilaginous  extract  is  made 
from  it.  The  malt  should  not  in  general  be  ground  into  a  fine  meal,  for  in  that  case 
it  would  be  apt  to  form  a  cohesive  paste  with  hot  water,  or  to  set,  as  it  is  called,  and  to 
be  difficult  to  drain.  In  crushed  malt,  the  husk  remains  nearly  entire,  and  thus  helps 
to  keep  the  farinaceous  particles  open  and  porous  to  the  action  of  the  water.  The  bulk 
of  the  crushed  malt  is  about  one  fifth  greater  than  that  of  the  M'hole,  or  one  bushel  of 
malt  gives  a  bushel  and  a  quarter  of  crushed  malt.  This  is  frequently  allowed  to  lie 
a  few  days  in  a  cool  place,  in  order  that  it  may  attract  moisture  from  the  air,  M^hich  it 
does  very  readily  by  its  hygrometric  power.  Thus,  the  farinaceous  substance  which  had 
been  indurated  in  the  kiln,  becomes  soft,  spongy,  and  fit  for  the  ensuing  process  of  watery 
extraction. 

Mashing  has  not  for  its  object  merely  to  dissolve  the  sugar  and  gum  already  present 
in  the  malt,  but  also  to  convert  into  a  sweet  mucilage  the  starch  which  had  remained 
unchanged  during  the  germination.  We  have  already  stated  that  starch,  mixed  with 
gluten,  and  digested  for  some  time  with  hot  water,  becomes  a  species  of  sugar.  This 
conversion  takes  place  in  the  mash-tun.  The  malted  barley  contains  not  only  a  portion 
of  gluten,  but  diastase  more  than  sufficient  to  convert  the  starch  contained  in  it,  by  thii 
means,  into  sugar. 
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The  researches  of  Payen  and  Persoz  show,  that  the  mTicilage  formed  by  the  reaction 
of  malt  upon  starch,  may  either  be  converted  into  suo:ar,  or  be  made  into  permanent 
gum,  according  to  the  temperature  of  the  water  in  which  the  materials  are  digested. 
We  take  of  pale  barley  malt,  ground  fine,  from  6  to  10  parts,  and  100  parts  of  starch;  we 
heat,  by  means  of  a  water-bath,  400  parts  of  water  in  a  copper,  to  about  80°  F. ;  we 
then  stir  in  the  malt,  and  increase  the  heat  to  140°  F.,  when  we  add  the  starch, 
and  stir  well  together.  We  next  raise  the  temperature  to  158°,  and  endeavor  to 
maintain  it  constantly  at  that  point,  or  at  least  to  keep  it  within  the  limits  of  167°  on 
the  one  side,  and  158°  on  the  other.  At  the  end  of  20  or  30  minutes,  the  original  milky 
and  pasty  solution  becomes  thinner,  and  soon  after  as  fluid  nearly  as  water.  This  is  the 
moment  in  which  the  starch  is  converted  into  gum,  or  into  that  substance  which  the 
French  chemists  call  dextrine,  from  its  power  of  polarizing  light  to  the  right  hand,  whereas 
common  gum  does  it  to  the  left.  If  this  merely  mucilaginous  solution,  which  seems  to 
be  a  mixture  of  gum  with  a  little  liquid  starch  and  sugar,  be  suitably  evaporated,  it  may 
serve  lor  various  purposes  in  the  arts  to  which  gum  is  applied,  but  with  this  view,  it 
must  be  quickly  raised  to  the  boiling  point,  to  prevent  the  farther  operation  of  the  malt 
upon  it.  If  we  wish,  on  the  contrary,  however,  to  promote  the  saccharine  fermentation, 
for  the  formation  of  beer,  we  must  maintain  the  temperature  at  between  158°  and  167° 
for  three  or  four  hours,  when  the  greatest  part  of  the  gum  will  have  passed  into  sugar, 
and  by  evaporation  of  the  liquid  at  the  same  temperature,  a  starch  sirup  may  be  obtained 
like  that  procured  by  the  action  of  sulphuric  acid  upon  starch.  The  substance,  which  oper- 
ates in  the  formation  of  sugar,  or  is  the  peculiar  ferment  of  the  sugar  fermentation,  may 
be  considered  as  a  residuum  of  the  sluten  or  vegetable  albumen  in  the  germinating 
grain  :  it  is  reckoned  by  Payen  and  PerFoz,  a  new  proximate  principle  called  diastase, 
which  is  formed  during  malting,  in  the  grains  of  bailey,  oats,  and  wheat,  and  may  be 
separated  in  a  pure  state,  if  we  moisten  the  malt  flour  for  a  few  minutes  in  cold  water, 
press  it  out  strongly,  filter  the  solution,  and  heat  the  clear  liquid  in  a  water  bath,  to  the 
temperature  of  158°.  The  greater  part  of  that  albuminous  azotized  substance  is  thus 
coagulated,  and  is  to  be  separated  by  a  fresh  filtration ;  after  which,  the  clear  liquid  is 
to  be  treated  with  alcohol,  when  a  flocky  precipitate  appears,  which  is  diastase.  To  pu- 
rify it  still  further,  especially  from  the  azotized  matter,  we  should  dissolve  it  in 
water,  and  precipitate  again  with  alcohol.  When  dried  at  a  low  temperature,  it  appears 
as  a  solid  wiiile  substance,  which  contains  no  azote;  is  insoluble  in  alcohol,  but  dissolves 
in  water  and  proof  spirit.  Its  solution  is  neutral  and  tasteless;  when  left  to  itself,  it 
changes  with  greater  or  less  rapidity  according  to  the  temperature,  and  becomes  sour  at 
a  temperature  of  from  149°  to  167°.  It  has  the  property  of  converting  starch  into  gum 
(dextrine)  and  sugar,  and  indeed,  when  sufliciently  pure,  with  such  energy  that  one 
part  of  it  disposes  2000  parts  of  dry  starch  to  that  change,  but  it  operates  the  quicker  the 
greater  its  quantity.  Whenever  the  solution  of  diastase  with  starch  or  with  dextrine  is 
heated  to  the  boiling  point,  it  loses  the  sugar-fermenting  property.  One  hundred  parts 
of  weU-malted  starch  appear  to  contain  about  one  part  of  this  substance. 

We  can  now  understand  the  theory  of  malting,  and  the  limits  between  which  the 
temperature  of  the  liquor  ought  to  be  maintained  in  this  operation  ;  namely,  the  range 
between  157°  and  160°  F.  It  has  been  ascertained  as  a  principle  in  rnashin?,  that 
the  best  and  soundest  extract  of  the  malt  is  to  be  obtained,  first  of  all,  by  beginning  to 
work  with  water  at  the  lowest  of  these  heats,  and  to  conclude  the  mash  with  water  at 
the  highest.  Secondly,  not  to  operate  the  extraction  at  once  with  the  whole  of  the  water 
that  is  to  be  employed  ;  but  with  separate  portions  and  by  degrees.  The  first  portion  is 
added  with  the  view  of  penetrating  equally  the  crushed  malt,  and  of  extracting  the 
already  formed  sugar ;  the  next  for  efi'ecting  the  sugar  fermentation  by  the  action  of  the 
diastase.  By  this  means,  also,  the  starch  is  not  allowed  to  run  into  a  cohesive  paste,  and 
the  extract  is  more  easily  drained  from  the  poorer  mass,  and  comes  oflf  in  the  form  of  a 
nearly  limpid  wort.  The  thicker,  moreover,  or  the  less  diluted  the  mash  is,  so  much  the 
easier  is  the  wort  fined  in  the  boiler  or  copper  by  the  coagulation  of  the  albuminous 
matter :  these  principles  illustrate,  in  every  condition,  the  true  mode  of  conducting 
the  mashing  process ;  but  different  kinds  of  malt  require  a  different  treatment.  Pale 
and  slightly  kilned  malt  requires  a  somewhat  lower  heat  than  malt  highly  kilned,  because 
the  former  has  more  undecomposed  starch,  and  is  more  ready  to  become  pasty.  The 
former  also,  for  the  same  reason,  needs  a  more  leisurely  infusion  than  the  latter,  for  its 
conversion  into  mucilaginous  sugar.  The  more  sugar  the  malt  contains,  the  more  is  its 
saccharine  fermentation  accelerated  by  the  action  of  the  diastase.  What  has  been  here 
said  of  pale  malt,  is  still  more  applicable  to  the  case  of  a  mixture  of  raw  grain  with  malt, 
for  it  requires  still  gentler  heats,  and  more  cautious  treatment. 

III.  The  mash-tun  is  a  large  circular  tub  with  a  double  bottom ;  the  uppermost  of 
which  is  called  a  false  bottom,  and  is  pierced  with  many  holes.  There  is  a  space  of  about 
2  or  3  inches  between  the  two,  into  which  the  stopcocks  enter,  for  letting  in  the  water 
and  drawing  off  the  wort.    The  holes  of  the  false  bottom  should  be  burned,  and  not  bored, 
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to  prevent  the  chance  of  their  filling  up  by  the  swelling  of  the  wood,  which  would 
obstruct  the  drainage :  the  holes  should  be  conical,  and  largest  below,  being  about  |  of 
an  inch  there,  and  |  at  the  upper  surface.  The  perforated  bottom  must  be  fitted  truly 
at  the  sides  of  the  mash-tun,  so  that  no  grains  may  pass  tlirough.  The  mashed  liquor  is 
let  off  into  a  large  back,  from  which  it  is  pumped  into  the  wort  coppers.  The  mash-tun 
is  provided  with  a  peculiar  rotatory  apparatus  for  agitating  the  crushed  grains  and  water 
together,  which  we  shall  presently  describe.  The  size  of  the  wort  copper  is  proportional 
to  the  amount  of  the  brewing,  and  it  must,  in  general,  be  at  least  so  large  as  to 
operate  upon  the  whole  quantity  of  wort  made  from  one  mashing ;  that  is,  for  every 
quarter  of  malt  mashed,  the  copper  should  contain  140  gallons.  The  mash-tun  ought  to 
be  at  least  a  third  larger,  and  of  a  conical  form,  somewhat  wider  below  than  above. 
The  quantity  of  water  to  be  employed  for  mashing,  or  the  extraction  of  the  wort,  de- 
pends upon  the  greater  or  less  strength  to  be  given  to  the  beer.  The  seeds  of  the  crushed 
malt,  after  the  wort  is  drawn  off,  retain  stiU  about  32  gallons  of  water  for  every  quarter 
of  malt.  In  the  boiling,  and  evaporation  from  the  coolers,  40  gallons  of  water  are  dis- 
sipated from  one  quarter  of  malt ;  constituting  72  gallons  in  all.  If  13  quarters  of  barley 
be  taken  to  make  1500  gallons  of  beer,  2400  gallons  of  water  must  therefore  be  required 
for  the  mashing.  This  example  wiU  give  an  idea  of  the  proportions  for  an  ordinary 
quality  of  beer. 

When  the  mash  is  to  begin,  the  copper  must  be  filled  with  water,  and  heated.  As  soon 
as  the  water  has  attained  the  heat  of  145°  m  summer,  or  167°  in  winter,  600  gallons  of  it 
are  to  be  run  off  into  the  mash-tun,  and  the  13  quarters  of  crushed  malt  are  to  be  gradu- 
ally thrown  in  and  well  intermixed  by  proper  agitation,  so  that  it  may  be  uniformly 
moistened,  and  no  lumps  may  remain.  After  continuing  the  agitation  in  this  way  for  one 
half  or  three  quarters  of  an  hour,  the  water  in  the  copper  will  have  approached  to  its 
boiling  point,  when  450  gallons  at  the  temperature  of  about  200°  are  to  be  nm  into  the 
mas.h-tun,  and  the  agitation  is  to  be  renewed  till  the  whole  assumes  an  equally  fluid 
state:  the  tun  is  now  to  be  well  covered  for  the  preservation  of  its  heat,  and  to.be 
allowed  to  remain  at  rest  for  an  hour,  or  an  hour  and  a  half.  The  mean  temperature  of 
this  mash  may  be  reckoned  at  about  145°.  The  time  which  is  necessary  for  the  trans- 
muting heat  of  the  remaining  starch  into  sugar  depends  on  the  quality  of  the  malt. 
Brown  malt  requires  less  time  than  pale  malt,  and  still  less  than  a  mixture  with  raw 
grain,  as  already  explained.  After  the  mash  has  rested  the  proper  time,  the  tap  of  the 
tun  is  opened,  and  the  clear  wort  is  to  be  drawn  out  into  the  under  back.  If  the  wort 
that  first  flows  is  turbid,  it  must  be  returned  into  the  tun,  till  it  runs  clear.  The  amoimt 
of  this  first  wort  may  be  about  675  gallons.  Seven  hundred  and  fifty  gallons  of  water, 
at  the  temperature  of  200°,  are  now  to  be  introduced  up  through  the  drained  malt,  into 
the  tun,  and  the  mixture  is  to  be  agitated  till  it  becomes  uniform,  as  before.  The  mash- 
tun  is  then  to  be  covered,  and  allowed  to  remain  at  rest  for  an  hour.  The  temperature 
of  this  mash  is  from  167°  to  174°.  While  the  second  mash  is  making,  the  worts  of  the 
first  are  to  be  pumped  into  the  wort  copper,  and  set  a-boiling  as  speedily  as  possible. 
The  wort  of  the  second  mash  is  to  be  drawn  off  at  the  proper  time,  and  added  to  the 
copper  as  fast  as  it  will  receive  it,  without  causing  the  ebullition  to  stop. 

A  third  quantity  of  water  amounting  to  600  gallons,  at  200°,  is  to  be  introduced  into 
the  mash-tun,  and  after  half  an  hour  is  to  be  drawn  off,  and  either  pumped  into  the  wort 
copper,  or  reserved  for  mashing  fresh  malt,  as  the  brewer  may  think  fit. 

The  quantity  of  extract,  per  baiTel  weight,  which  a  quarter  of  malt  yields  to  wort, 
amounts  to  about  84  lbs.  The  wort  of  the  first  extract  is  the  strongest ;  the  second  eon- 
tains,  commonly,  one  half  the  extract  of  the  first ;  and  the  third,  one  half  of  the  second ; 
according  to  circumstances. 

To  measure  the  degrees  of  concentration  of  the  worts  drawn  off  from  the  tun,  a  par- 
ticular form  of  hydrometer,  called  a  saccharometer,  is  employed,  which  indicates  the 
number  of  pounds  weight  of  liquid  contained  in  a  barrel  of  36  gallons  imperial  measure. 
IVlow,  as  the  barrel  of  water  weighs  360  lbs.,  the  indication  of  the  instrument,  when 
placed  in  any  wort,  shows  by  how  many  pounds  a  barrel  of  that  wort  is  heavier  than  a 
barrel  of  water ;  thus,  if  the  instrument  sinks  with  its  poise  till  the  mark  10  is  upon  a 
line  with  the  surface  of  the  liquid,  it  indicates  that  a  barrel  of  that  wort  weighs  ten 
pounds  more  than  a  barrel  of  water.     See  Saccharometer. 

Or,  supposing  the  barrel  of  wort  weighs  396  lbs.,  to  convert  that  number  into  specific 
gravity,  we  have  the  following  simple  rule : — 

360:396  ::  100  :  MOO; 
at  which  density,  by  my  experiments,  the  wort  contains  25  per  cent,  of  solid  extract. 

Having  been  employed  to  make  experiments  on  the  density  of  worts,  and  the  ferment 
ative  changes  which  they  undergo,  for  the  information  of  a  committee  of  the  House  of 
Commons,  which  sat  in  July  and  August,  1830,  I  shall  here  introduce  a  short  abstract  of 
that  part  of  my  evidence  which  bears  upon  the  present  subject. 

My  first  object  was  to  clear  up  the  difficulties  which,  to  common  apprehension,  hung 
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over  the  matter,  from  the  difference  in  the  scales  of  the  sacc.iarometers  in  use  among  the 
brewers  and  distillers  of  England  and  Scotland.  I  found  that  one  quarter  of  good  malt 
would  yield  to  the  porter-brewer  a  barrel  Imperial  measure  of  wort,  at  the  concentrated 
specific  gravity  of  1-234.  Now,  if  the  decimal  part  of  this  number  be  multiplied  by 
360,  being  the  number  of  pounds  weight  of  water  in  the  barrel,  the  product  will  denote 
the  excess  in  pounds,  of  the  weight  of  a  barrel  of  such  concentrated  wort,  over  that  of 
a  barrel  of  water ;  and  that  product  is,  in  the  present  case,  84-24  pounds. 

Mr.  Martineau,  jun.,  of  the  house  of  Messrs.  Whitbread  and  Company,  and  a  gentle- 
man connected  with  another  great  London  brewery,  had  the  kindness  to  inform  me  that 
their  average  product  from  a  quarter  of  malt  was  a  barrel  of  84  lbs.  gravity.  It  is  ob- 
vious, therefore,  that  by  taking  the  mean  operation  of  two  such  great  establishments,  I 
must  have  arrived  very  nearly  at  the  truth. 

It  ought  to  be  remarked  that  such  a  high  density  of  wort  as  1*234  is  not  the  result  of 
any  direct  experiment  in  the  brewery,  for  infusion  of  malt  is  never  drawn  off  so  strong; 
that  density  is  deduced  by  computation  from  the  quantity  and  quality  of  several  succes- 
sive infusions ;  thus,  supposing  a  first  infusion  of  the  quarter  of  malt  to  yield  a  barrel  of 
specific  gravity  1-1 12,  a  second  to  yield  a  barrel  at  1-091,  and  a  third  a  barrel  at  1-031, 
we  shaU  have  three  barrels  at  the  mean  of  these  three  numbers,  or  one  barrel  at  their 
sum,  equal  to  1-234. 

I  may  here  observe  that  the  arithmetical  mean  or  sum  is  not  the  true  mean  or  sum  of 
the  two  specific  gravities ;  but  this  difference  is  either  not  known  or  disregarded  by  the 
brewers.  At  low  densities  this  difference  is  inconsiderable,  but  at  high  densities  it  would 
lead  to  serious  errors.  At  specific  gravity  1-231,  wort  or  siiup  contains  one  half  of  its 
weight  of  solid  pure  saccharum,  and  at  1-1045  it  contains  one  fourth  of  its  weight;  but 
the  brewers  rule,  when  here  applied,  gives  for  the  mean  specific   gravity  1-1155= 

31 '    The  contents  in  solid  saccharine  matter  at  that  density  are  however  27f 

2 

per  cent.,  showing  the  rule  to  be  2\  lbs.  wrong  in  excess  on  100  lbs.,  or  9  lbs.  per  barrel. 

The  specific  gravity  of  the  solid  dry  extract  of  malt  wort  is  1-264 ;  it  was  taken  in  oil 
of  turpentine,  and  the  result  reduced  to  distilled, water  as  unity.  Its  specific  volume  is 
0-79]  1,  that  is,  10  lbs.  of  it  will  occupy  the  volume  of  7-911  lbs.  of  water.  The  mean 
specific  gravity,  by  computation  of  a  solution  of  that  extract  in  its  own  weight  of  water, 
is  1-1166;  but  by  experiment,  the  specific  gravity  of  that  solution  is  1-216,  showing 
considerable  condensation  of  volume  in  the  act  of  combination  with  water. 

The  following  Table  shows  the  relation  between  the  specific  gravities  of  solutions  of 
malt  extract,  and  the  per-centage  of  solid  extract  they  contain : 


Extr  Malt. 


600 
600 
600 
600 
600 


Water. 


600 

900 

1200 

1500 

1800 


Malt  Extract  in  100. 


50-00 

40-0 

33-3 

28-57 

25-00 


Sugar  in  100. 


47-00 

37-00 
31-50 
26-75 
24-00 


Specific  gravity. 


1-2160 
M670 
1-1350 
M130 
MOOO 


The  extract  of  malt  was  evaporated  to  dryness,  at  a  temperature  of  about  250°  F., 
without  the  slightest  injury  to  its  quality,  or  any  empyreumatic  smell.  Bate's  tables 
have  been  constructed  on  solutions  of  sugar,  and  not  with  solutions  of  extract  of  malt, 
or  they  agree  sufficiently  well  with  the  former,  but  differ  materially  from  the  latter. 
Allan's  tables  give  the  amount  of  a  certain  form  of  solid  saccharine  matter  extracted 
from  malt,  and  dried  at  175°  F.,  in  correspondence  to  the  specific  gravity  of  the  solution; 
but  I  have  found  it  impossible  to  make  a  solid  extract  from  infusions  of  malt,  except  at 
much  higher  temperatures  than  175°  F.  Indeed,  the  numbers  on  Allan's  saccharometei 
scale  clearly  show  that  his  extract  was  by  no  means  dry:  thus,  at  1-100  of  gravity  he 
assigns  29-669  per  cent,  of  solid  saccharine  matter ;  whereas  there  is  at  that  density  of 
solid  extract  only  25  per  cent.  Again,  at  M35,  Allan  gives  40  parts  per  cent,  of  solid 
extract,  whereas  there  are  only  33|  present. 

By  the  triple  mashing  operations  above  described,  the  malt  is  so  much  exhausted  that 
it  can  yield  no  further  extract  useful  for  strong  beer  or  porter.  A  weaker  wort  might 
no  doubt  still  be  drawn  off  for  small  beer,  or  for  contributing  a  little  to  the  strength  of 
the  next  mashing  of  fresh  malt.  But  this  I  believe  is  seldom  practised  by  respectable 
brewers,  as  it  impoverishes  the  grains  which  they  dispose  of  for  feeding  cattle. 

The  wort  should  be  transferred  into  the  copper,  and  made  to  boil  as  soon  as  possible, 
for  if  it  remains  long  in  the  under-back  it  is  apt  to  become  acescent.  The  steam  more- 
over raised  from  it  in  the  act  of  boilins  serves  to  screen  it  from  the  oxygenating  or  acidi- 
fying influence  of  the  atmosphere.  Until  it  begins  to  boO,  the  air  should  be  excluded 
by  some  kind  of  a  cover. 
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Sometimes  the  first  wort  is  brewed  by  itself  into  strong  ale,  the  second  by  itself  into  an 
intern^diate  quality  ;  and  the  third  into  small  beer  ;  but  this  practice  is  not  much  fol- 
lowed in  this  country. 

We  shall  now  treat  of  the  boiling  in  of  the  hops.  The  wort  drawn  from  the  mash- 
tun,  whenever  it  is  pumped  into  the  copper,  must  receive  its  allowance  of  hops.  Besides 
evaporating  off  a  portion  of  the  water,  and  thereby  concentrating  the  wort,  boiling  has  a 
twofold  object.  In  the  first  place,  it  coagulates  the  albuminous  matter,  partly  by  the 
heat,  and  partly  by  the  principles  in  the  hops,  and  thereby  causes  a  general  clarification 
of  the  whole  mass,  with  the  effect  of  separating  the  muddy  matters  in  a  flocculent  form. 
Secondly,  during  the  ebullition,  the  residuary  starch  and  hordeine  of  the  malt  are  con- 
verted into  a  limpid  sweetish  mucilage,  the  dextrine  above  described ;  while  some  of  the 
glutinous  stringy  matter  is  rendered  insoluble  by  the  tannin  principle  of  the  hops,  which 
favors  still  further  the  clearing  of  the  wort.  By  both  operations  the  keeping  quality 
of  the  beer  is  improved.  This  boil  must  be  continued  during  several  hours ;  a  longer 
time  for  the  stronger,  and  a  shorter  for  tlie  weaker  beers.  There  is  usually  one  seventh 
or  one  sixth  part  of  the  water  dissipated  in  the  boiling  copper.  This  process  is  known 
to  have  continued  a  sufficient  time,  if  the  separation  of  the  albuminous  flocks  is  distinct, 
and  if  these  are  found,  by  means  of  a  proof  gauge  suddenly  dipped  to  the  bottom,  to  be 
collected  there,  while  the  supernatant  liquor  has  become  limpid.  Two  or  three  hours' 
boil  is  deemed  long  enough  in  many  well-conducted  breweries ;  but  in  some  of  those  in 
Belgium,  the  boiling  is  continued  from  10  to  15  hours,  a  period  certainly  detrimental  to 
the  aroma  derived  from  the  hop. 

Many  prefer  adding  the  hops  when  the  wort  has  just  come  to  the  boiling  point. 
Their  effect  is  to  repress  the  further  progress  of  fermentation,  and  especially  the  passage 
into  the  acetous  stage,  which  would  otherwise  inevitably  ensue  in  a  few  days.  In  this 
respect,  no  other  vegetable  production  hitherto  discovered  can  be  a  substitute  for  the 
hop.  The  odorant  principle  is  not  so  readily  volatilized  as  would  at  first  be  imagined ; 
for  when  hop  is  mixed  with  strong  beer  wort  and  boiled  for  many  hours,  it  can  still 
impart  a  very  considerable  degree  of  its  flavor  to  weaker  beer.  By  mere  infusion  in 
hot  beer  or  water,  without  boiling,  the  hop  loses  very  little  of  its  soluble  principles. 
The  tannin  of  the  hop  combines,  as  we  have  said,  with  the  vegetable  albumen  of  the 
barley,  and  helps  to  clarify  the  liquor.  Should  there  be  a  deficiency  of  albumen  and 
gluten,  in  consequence  of  the  mashing  having  been  done  at  such  a  heat  as  to  have  coagu- 
lated them  beforehand,  the  defect  may  be  remedied  by  the  addition  of  a  little  gelatine  to 
the  wort  copper,  either  in  the  form  of  calf's  foot,  or  of  a  little  isinglass.  If  the  hops  be 
boiled  in  the  wort  for  a  longer  period  than  5  or  6  hours,  they  lose  a  portion  of  their  fine 
flavor;  but  if  their  natural  flavor  be  rank,  a  little  extra  boiling  improves  it.  Many  brew- 
ers throw  the  hops  in  upon  the  surface  of  the  boiling  wort,  and  allow  them  to  swim  there 
for  some  time,  that  the  steam  may  penetrate  them,  and  open  their  pores  for  a  complete  so- 
lution of  their  principles  when  they  are  pushed  down  into  the  liquor.  It  is  proper  to  add 
the  hops  in  considerable  masses,  because,  in  tearing  them  asunder,  some  of  the  lupuline 
powder  is  apt  to  be  lost. 

The  quantity  of  hop  to  be  added  to  the  wort  varies  according  to  the  strength  of  the 
beer,  the  length  of  time  it  is  to  be  kept,  or  the  heat  of  the  climate  where  it  is  intended 
to  be  sent.  For  strong  beer,  4|  lbs.  of  hops  are  required  to  a  quarter  of  malt,  when  it 
is  to  be  highly  aromatic  and  remarkably  clear.  For  the  stronger  kinds  of  ale  and 
porter,  the  rule,  in  Englaad,  is  to  take  a  pound  of  hops  for  every  bushel  of  malt,  or  8  lbs. 
to  a  quarter.  Common  beer  has  seldom  more  than  a  quarter  of  a  pound  of  hops  to  the 
bushel  of  malt. 

It  has  been  attempted  to  form  an  extract  of  hops  by  boiling  in  covered  vessels,  so  as 
not  to  lose  the  oil,  and  to  add  this  instead  of  the  hop  itself  to  the  beer.  On  the  great 
scale  this  method  has  no  practical  advantage,  because  the  extraction  of  the  hop  is  per- 
fectly accomplished  during  the  necessary  boiling  of  the  wort,  and  because  the  hop  ope- 
rates very  beneficially,  as  we  have  explained,  in  clarifying  the  beer.  Such  an  extract, 
moreover,  could  be  easily  adulterated. 

Of  the  Coolers. — The  contents  of  the  copper  are  run  into  what  is  called  the  hop- 
back,  on  the  upper  part  of  which  is  fixed  a  drainer,  to,  keep  back  the  hops.  The 
pump  is  placed  in  the  hop-back,  for  the  purpose  of  raising  the  wort  to  the  coolers, 
usually  placed  in  an  airy  situation  upon  the  top  of  the  brewery.  Two  coolers  are 
indispensable  when  we  make  two  kinds  of  beer  from  the  same  brewing,  and  even  in 
single  brewings,  called  gyles,  if  small  beer  is  to  be  made.  One  of  these  coolers  ought 
to  be  placed  above  the  level  of  the  other.  As  it  is  of  great  consequence  to  cool  the 
worts  down  to  the  fermenting  pitch  as  fast  as  possible,  various  contrivances  have  been 
made  for  effecting  this  purpose.  The  common  cooler  is  a  square  wooden  cistern,  about 
6  inches  deep,  and  of  such  an  extent  of  surface  that  the  whole  of  one  boil  may  only 
occupy  2  inches,  or  thereabouts,  of  depth  in  it.  For  a  quantity  of  wort  equal  to  about 
1500  gallons  its  area  should  be  at  least  54  feet  long  and  20  feet  wide.  The  seams  of 
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the  cooler  must  be  made  perfectly  water-tight  and  smooth,  so  that  no  liquor  may  lodge  in 
them  when  they  are  emptied.  The  utmost  cleanliness  is  required,  and  an  occasional 
sweetening  with  lime-water. 

The  hot  wort  reaches  the  cooler  at  a  temperature  of  from  200°  to  208°,  according  to 
the  power  of  the  pump.  Here  it  should  be  cooled  to  the  proper  temperature  for  the 
fermenting  tun,  which  may  vary  from  54°  to  64°,  according  to  circumstances.  The 
ref  igeration  is  accomplished  by  the  evaporation  of  a  por  Jon  of  the  liquor :  it  is  more 
rapid  in  proportion  to  ihe  extent  of  the  surface,  to  the  low  temperature,  and  the  dryness 
of  the  atmosphere  surrounding  the  cooler.  The  renewal  of  a  body  of  cool  dry  air  by 
the  agency  of  a  fan,  may  be  employed  with  great  advantage.  The  cooler  itself  must 
be  so  placed  that  its  surface  shall  be  freely  exposed  to  the  prevailing  wind  of  the  district, 
and  be  as  free  as  possible  from  the  eddy  of  surrounding  buildings.  It  is  thought  by  many, 
that  the  agitation  of  the  wort  during  its  cooling  is  hurtful.  Were  the  roof  made  move- 
able, so  that  the  wort  could  be  readily  exposed,  in  a  clear  night,  to  the  aspect  of  the  sky, 
it  would  cool  rapidly  by  evaporation,  on  the  principles  explained  by  Dr.  Wells,  in  his 
"Essay  on  Dew." 

When  the  cooling  is  effected  by  evaporation  alone,  the  temperature  falls  very  slowly, 
even  in  cold  air,  if  it  be  loaded  with  moisture.  But  when  the  air  is  dry,  the  evaporation 
is  vigorous,  and  the  moisture  exhaled  does  not  remain  incumbent  on  the  liquor,  as  in 
damp  weather,  but  is  diffused  widely  in  space.  Hence  we  can  understand  how  wort 
cools  so  rapidly  in  the  spring  and  autumn,  when  the  air  is  generally  dry,  and  even  more 
quickly  than  in  winter,  when  the  air  is  cooler,  but  loaded  with  moisture.  In  fact,  the 
cooling  process  goes  on  better  when  the  atmosphere  is  from  50°  to  55°,  than  when  it  falls 
to  the  freezing  point,  because  in  this  case,  if  the  air  be  still,  the  vapors  generated  remain 
on  the  surface  of  the  liquor,  and  prevent  further  evaporation.  In  summer  the  cooling 
can  take  place  only  during  the  nisht. 

In  consequence  of  the  evaporation  during  this  cooling  process,  the  bulk  of  the  worts 
is  considerably  reduced;  thus,  if  the  temperature  at  the  beginning  was  208°,  and  if  it 
be  at  the  end  64°,  the  quantity  of  water  necessary  to  be  evaporated  to  produce  this 
refrigeration  would  be  nearly  |  of  the  whole,  putting  radiation  and  conduction  of  heat 
out  of  the  question.  The  effect  of  this  will  be  a  proportional  concentration  of  the 
beer. 

The  period  of  refrigeration  in  a  well-constructed  cooler,  amounts  to  6  or  7  hours  in 
favorable  weather,  but  to  12  or  15  in  other  circumstances.  The  quality  of  the  beer  is 
much  improved  by  shortening  this  period ;  because,  in  consequence  of  the  great  surface 
which  the  wort  exposes  to  the  air,  it  readily  absorbs  oxgyen,  and  passes  into  the  acetous 
fermentation  with  the  production  of  various  mouldy  spots ;  an  evil  to  which  ill-hopped 
beer  is  particularly  liable.  Various  schemes  have  been  contrived  to  cool  wort,  by  trans- 
mitting it  through  ■  the  convolutions  of  a  pipe  immersed  in  cold  water.  The  best  plan 
is  to  expose  the  hot  wort  for  some  hours  freely  to  the  atmosphere  and  the  cooler,  when 
the  loss  of  heat  is  most  rapid  by  evaporation  and  other  means,  and  when  the  tempera- 
ture falls  to  100°,  or  thereby,  to  transmit  the  liquor  through  a  zig-zag  pipe,  laid  almost 
horizontally  in  a  trough  of  cold  water.  The  various  methods  described  under  Refrigera- 
tor are  more  complex,  but  they  may  be  practised  in  many  situations  with  considerable  ad- 
vantage. 

Whilst  the  wort  reposes  in  the  cooler,  it  lets  fall  a  slight  sediment,  which  consists 
partly  of  fine  flocks  of  coagulated  albumen  combined  with  tannin,  and  partly  of  starch, 
which  had  been  dissolved  at  the  high  temperature,  and  separates  at  the  lower.  The  wort 
should  be  perfectly  limpid,  for  a  muddy  liquor  never  produces  transparent  beer.  Such 
beer  contains,  besides  mucilaginous  sugar  and  gum,  usually  some  starch,  which  even  re- 
mains after  the  fermentation,  and  hinders  its  clarifying,  and  gives  it  a  tendency  to  sour. 
The  wort  contains  more  starch  the  hotter  it  has  been  mashed,  the  less  hops  have  been 
added,  and  the  shorter  time  it  has  been  boiled.  The  presence  of  starch  in  the  wort  may 
be  made  manifest  by  addinsr  a  little  solution  of  iodine  in  alcohol  to  it,  when  it  will  be- 
come immediately  blue.  We  thus  see  that  the  tranquil  cooling  of  wort  in  a  proper  ves- 
sel has  an  advantage  over  cooling  it  rapidly  by  a  refrigerator^'  apparatus.  When  the 
wort  is  sufficiently  cool,  it  is  let  down  into  the  fermenting  tun.  In  this  transfer  the  cool- 
ing might  be  carried  several  degrees  fciwer,  were  the  wort  made  to  pass  down  through  a 
tube  enclosed  in  another  tube,  along  which  a  stream  of  cold  water  is  flowing  in  the  oppo- 
site direction,  as  we  have  described  in  the  sequel  of  Acetic  acid.  These  fermenting  tuns 
are  commonly  called  gyle-tuns,  or  working  tuns,  and  are  either  square  or  circular,  the 
latter  being  preferable  on  many  accounts. 

IV.  0/  the  Fermentation. — In  the  great  London  breweries,  the  size  of  these  fermenting 
tuns  is  such  that  they  contain  from  1200  to  1500  barrels.  The  quantity  of  wort 
introduced  at  a  time  must,  however,  be  considerably  less  than  the  capacity  of  the  vessel, 
to  allow  room  for  the  head  of  yeast  which  rises  during  the  process ;  if  the  vessel  be 
cylindrical,  this  head  is  proportional  to  the  depth  of  the  worts.     In  certain  kinds  of 
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fermentation,  it  may  rise  to  a  third  of  that  depth.  In  general,  the  fermentation  proceedi» 
more  uniformly  and  constantly  in  large  masses,  because  they  are  little  influenced  by  vi- 
cissitudes of  temperature ;  smaller  vessels,  on  the  other  hand,  are  more  easily  handled. 
The  general  view  of  fermentation  will  be  found  under  that  title ;  I  shall  here  make  a 
few  remarks  on  what  is  peculiar  to  beer.  During  the  fermentation  of  wort,  a  portion 
of  its  saccharine  matter  is  converted  into  alcohol,  and  wort  thus  changed  is  beer.  It  is 
necessary  that  this  conversion  of  the  sugar  be  only  partial,  for  beer  which  contains  no 
undecomposed  sugar  would  soon  turn  sour,  and  even  in  the  casks  its  alcohol  undergoes 
a  slow  fermentation  into  vinegar.  The  amount  of  this  excess  of  sugar  is  greater  in 
proportion  to  the  strength  of  the  wort,  since  a  certain  quantity  of  alcohol,  already 
formed,  prevents  the  operation  of  the  ferment  on  the  remaining  wort.  Temperature  has 
the  greatest  influence  upon  the  fermentation  of  wort.  A  temperature  of  from  55°  to  60° 
of  the  liquor,  when  that  of  the  atmosphere  is  55°,  is  most  advantageous  for  the 
commencement.  The  warmth  of  the  wort  as  it  comes  into  the  gyle-tun  must  be  modi- 
fied by  that  of  the  air  in  the  apartment.  In  winter,  when  this  apartment  is  cold,  the 
wort  should  not  be  cooled  under  64°  or  60°,  as  in  that  case  the  fermentation  would  be 
tedious  or  interrupted,  and  the  wort  liable  to  spoil  or  become  sour.  In  summer,  when 
the  temperature  of  the  place  rises  to  above  75°,  the  wort  should  be  cooled,  if  possible, 
down  to  55°,  for  which  purpose  it  should  be  let  in  by  the  system  of  double  pipes,  above 
mentioned.  The  higher  the  temperature  of  the  wort,  the  sooner  will  the  fermentation 
begin  and  end,  and  the  less  is  it  in  our  power  to  regulate  its  progress.  The  expert 
brewer  must  steer  a  middle  course  between  these  two  extremes,  which  threaten  to  de- 
stroy his  labors.  In  some  breweries  a  convoluted  pipe  is  made  to  traverse  or  go  round 
the  sides  of  the  gyle-tun,  through  which  warm  water  is  allowed  to  flow  in  winter,  and 
cold  in  summer,  so  as  to  modify  the  temperature  of  the  mass  to  the  proper  fermenting 
pitch.  If  there  be  no  contrivance  of  this  kind,  the  apartment  may  be  cooled  in  summer, 
by  suspending  wet  canvass  opposite  the  windows  in  warm  weather,  and  kindling  a  small 
stove  within  it  in  cold. 

When  the  wort  is  discharged  into  the  gyle-tun,  it  must  receive  its  dose  of  yeast,  which 
has  been  previously  mixed  with  a  quantity  of  the  wort,  and  left  in  a  warm  place  till  it 
has  begun  to  ferment.  This  mixture,  called  lobb,  is  then  to  be  put  into  the  tun,  and  stir 
red  well  through  the  mass.  The  yeast  should  be  taken  from  similar  beer.  Its  quantity 
must  depend  upon  the  temperature,  strength,  and  quantity  of  the  wort.  In  general,  one 
gallon  of  yeast  is  sufficient  to  set  100  gallons  of  wort  in  complete  fermentation.  An  ex- 
cess of  yeast  is  to  be  avoided,  lest  the  fermentation  should  be  too  violent,  and  be  finished 
in  less  than  the  proper  period  of  6  or  8  days.  More  yeast  is  required  in  winter  than  in 
summer ;  for,  at  a  temperature  of  50°,  a  double  quantity  may  be  used  to  that  at  68°. 

Six  or  eight  hours  after  adding  the  yeast,  the  tun  being  meanwhile  covered,  the  fer- 
mentation becomes  active  :  a  white  milky-looking  froth  appears,  first  on  the  middle,  and 
spreads  gradually  over  the  whole  surface  ;  but  continues  highest  in  the  middle,  forming 
a  frothy  elevation,  the  height  of  which  increases  with  the  progress  of  the  fermentation, 
and  whose  color  gradually  changes  to  a  bright  brown,  the  result,  apparently,  of  the  oxy- 
dation  of  the  extractive  contained  in  this  yeasty  top.  This  covering  screens  the  wort 
from  the  contact  of  the  atmospherical  air.  During  this  time,  there  is  a  perpetual  disen- 
gagement of  caibonic  acid  gas,  which  is  proportional  to  the  quantity  of  sugar  converted 
into  alcohol.  The  warmth  of  the  fermenting  liquid  increases  at  the  same  time,  and  is  at 
a  maximum  when  the  fermentation  has  come  to  its  highest  point.  This  increase  of 
temperature  amounts  to  from  9°  to  14°  or  upwards,  and  is  the  greater  the  more  rapid  the 
fermentation.  But  in  general,  the  fermentation  is  not  allowed  to  proceed  so  far  in  the 
gyle-tun,  for  after  it  is  advanced  a  little  way,  the  beer  is  cleansed,  that  is,  dra\^  off  into 
other  vessels,  which  are  large  barrels  set  on  end,  with  large  openings  in  their  lop,  fur- 
nished with  a  sloping  tray  for  discharging  an  excess  of  yeast  into  the  wooden  trough,  in 
which  the  stillions  stand.  These  siillions  are  placed  in  communication  with  a  store-tub, 
which  keeps  them  always  full,  by  hydrostatic  pressure,  so  that  the  head  of  yeast  may 
spontaneously  flow  over,  and  keep  the  body  of  liquor  in  the  cask  clean.  This  apparatus 
will  be  explained  in  describing  the  brewery  plant.     See  the  figures,  infra. 

It  must  be  observed,  that  the  quantity  of  yeast,  and  the  heat  of  fermentation,  differ 
for  every  different  quality  of  beer.  For  mild  ale,  when  the  fermentation  has  reached  75° 
its  first  flavor  begins ;  at  80°  the  flavor  increases ;  at  85°  it  approaches  the  high 
flavor ;  at  90°  it  is  high ;  but  it  may  be  carried  to  100°  and  upwards,  for  particular 
purposes.  A  wort  of  301bs.  per  barrel  (sp.  gr.  1-088),  ought  to  increase  about  15°, 
so  that  in  order  to  arrive  at  80°,  it  should  be  set  at  65°.  The  quantity  of  yeast  for  such 
an  ale  should  be  from  2  to  3  lbs.  per  barrel.  The  higher  the  heat,  the  less  yeast  is  ne- 
cessary. If  the  heat  of  the  fermentation  should  at  any  time  fall,  it  must  be  raised  by  a 
supply  of  fresh  yeast,  well  stirred  in;  but  this  practice  is  not  advisable  in  general, 
because  rousing  the  worts  in  the  gyle-tun  is  apt  to  communicate  a  rank  flavor  of  yeast 
to  the  ale.     It  is  the  practice  of  many  experienced  brewers  to  look  every  2  hours  into  the 
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gyle-tun,  chiefly  with  the  view  of  observing  the  progress  of  the  heat,  which  is  low  at 
first,  but  afterwards  often  increases  half  a  degree  per  hour,  and  subsequently  decline? ,  as 
the  fermentation  approaches  its  conclusion,  till  at  length  the  heat  becomes  uniform^  or 
sometimes  decreases,  before  the  feimentation  is  finished,  especially  where  the  quanlity 
operated  upon  is  small. 

Some  brewers  recommend,  when  the  fermentation  is  carried  to  its  utmost  period,  to  add 
about  7  lbs.  of  wheat  or  bean  flour  to  a  gyle-tun  of  25  or  30  barrels,  at  the  time  of  dean- 
siTig,  so  as  to  quicken  the  discharge  of  the  yeast,  by  disengagement  of  more  carbonic  acid. 
The  flour  should  be  whisked  up  in  a  pail,  with  some  of  the  beer,  till  the  lumps  are  bro- 
ken and  then  poured  in.  By  early  cleansing,  the  yeast  is  preserved  longer  in  a  state 
prfiper  for  a  perfect  fermentation  than  by  a  contrary  practice. 

For  old  ale,  which  is  to  be  long  kept,  the  heat  of  the  fermentation  should  not  exceed 
75°,  but  a  longer  time  is  required  to  complete  the  fermentation  and  ensure  the  future 
good  flavor  of  the  ale. 

For  porter,  the  general  practice  is,  to  use  from  4  to  4$  lbs.  of  hops  per  barrel  for  keep- 
ing; though  what  is  termed  mild  or  mixing  porter,  has  not  more  than  3  or  3^  lbs.  The 
heat  of  fermentation  must  not  exceed  70°,  and  begin  about  60°.  If  the  heat  tend  to  in- 
crease much  above  that  pitch  in  the  gyle-tun,  the  porter  should  be  cleansed,  by  means  of 
the  stillions.  At  this  period  of  the  fermentation,  care  should  be  taken  that  the  sweetness 
of  the  malt  be  removed,  for  which  purpose  more  yeast  may  be  used  than  with  any  other 
beer  of  the  same  strength.  The  quantity  is  from  3  to  4  lbs.  per  barrel,  rousing  the  wort 
in  the  syle-tun  every  2  hours  in  the  day-time. 

When  the  plan  of  cleansing  casks  is  not  employed,  the  yeast  is  removed  from  the 
surface  of  the  lermenting  tun  by  a  skimmer,  and  the  clear  beer  beneath  is  then  drawn 
off  into  the  ripening  tuns,  called  sfore-vals,  in  which  it  is  mixed  up  with  diflerent  brew- 
ings, to  suit  the  tast€  of  the  customers.  This  transfer  must  take  place  whenever  the 
extrication  of  carbonic  acid  has  nearly  ceased ;  lest  the  alcohol  formed  should  dissolve 
some  of  the  floating  yeast,  acquire  thereby  a  disagreeable  taste,  and  pass  partially  into 
the  acetous  state. 

In  this  process,  during  the  formation  of  vinous  spirit  at  the  expense  of  the  sugar,  the 
albumen  and  gluten  diffused  through  the  beer,  being  acted  upon  by  the  alcohol,  become 
insoluble ;  one  portion  of  them  is  buoyed  to  the  top  with  the  carbonic  acid  gas,  to  form 
the  frothy  yeast;  and  another  portion  falls  to  form  the  bottom  barm.  The  former  con- 
sists of  the  same  materials  as  the  wort,  with  a  large  proportion  of  gluten,  which  forms 
its  active  constituent;  the  latter  is  a  peculiar  deposite,  consisting  of  the  same  gluten  mixed 
with  the  various  dense  impurities  of  the  wort,  and  may  be  also  used  as  a  ferment,  but  is 
cruder  than  the  floating  yeast.  The  amount  of  yeast  is  proportional  to  the  activity  of  the 
'  fermentation,  or  extrication  of  carbonic  acid  gas,  as  also  to  the  heat  of  the  mashing  pro- 
cess, and  the  quantity  of  starch  or  flour  unaltered  by  germination.  Pale  malt  afi'ords, 
usually,  more  yeast  than  malt  highly  kilned.  When  the  yeast  becomes  excessive,  from 
too  violent  fermentation,  it  should  be  skimmed  ofl^from  time  to  time,  which  will  tend  to 
cool  the  liquor  and  moderate  the  intestine  changes. 

After  the  beer  is  let  down  into  the  close  store-tuns  in  the  cellar,  an  obscure  fermenta- 
tion goes  on,  for  a  considerable  period,  in  its  body,  which  increases  its  spirituous  strength, 
and  keeps  up  in  it  a  constant  impregnation  of  carbonic  acid  gas,  so  as  to  render  it  lively 
and  agreeable  to  the  taste,  when  it  is  casked  oflT  for  sale.  It  would  appear  that  beer  is 
never  stationary  in  quality,  while  it  is  contained  in  the  tuns ;  for  the  moment  when  it 
ceases  to  improve  by  the  decomposition  of  its  residuary  sugar,  it  begins  to  degenerate 
into  vinegar.  This  result  may  be  produced  either  by  the  exhaustion  of  the  saccharine, 
or  by  the" fermentative  matter.  The  store  cellar  should  therefore  be  under  ground,  free 
from  alternations  of  temperature,  vibrations  of  carriages,  and  as  cool  as  possible.  In  the 
great  London  breweries  the  fermentation  is  rendered  very  complete  in  the  cleansing 
butts ;  so  that  a  slow  and  steady  ripening  is  ensured  in  the  great  store-tuns.  The  gyle- 
tuns  are  too  capacious  to  permit  the  fermentation  to  be  finished,  with  either  safety  or 
sufficient  despatch  in  them. 

V.  Of  ripening  different  kinds  of  Beer. — The  varieties  of  beer  depend  either  upon 
the  difference  of  their  materials,  or  from  a  different  management  of  the  brewing  processes. 
With  regard  to  the  materials,  beers  differ  in  the  proportion  of  their  malt,  hops,  and 
water;  and  ih  the  difl^erent  kinds  of  malt  or  other  grain.  To  the  class  of  table  or 
small  beers,  all  those  sorts  may  be  referred  whose  specific  gravity  does  not  exceed  1-025, 
which  contain  about  5  per  cent,  of  malt  extract,  or  nearly  18  pounds  per  barrel.  Beers 
of  middling  strength  may  be  reckoned  those  between  the  density  of  1-025  and  1-040; 
which  contain  at  the  average  7  per  cent,  or  25  pounds  per  barrel.  The  latter  may 
be  made  with  400  quarters  of  malt  to  1500  barrels  of  beer.  Stronger  beers  have  a 
specific  gravity  of  from  1-050  to  1-080,  and  take  from  45  to  75  quarters  of  malt  to 
the  same  quantity  of  beer.  The  strongest  beer  found  in  the  market  is  some  of  the 
English  and  Scotch  ales,  for  which  from  18  to  27  quarters  of  malt  arr  taken  for  1500 
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gallons  of  beer.  Good  porter  requires  from  16  to  18  quarters  for  that  quantity.  Beers 
are  sometimes  made  with  the  addition  of  other  farinaceous  matter  to  the  malt ;  but 
when  the  latter  constitutes  the  main  portion  of  the  grain,  the  maltins  of  the  other 
kinds  of  corn  becomes  unnecessary,  for  the  diastase  of  the  barley-malt  chanscs  the 
starch  into  sugar  during  the  mashing  operation.  Even  with  entirely  raw  grain,  beer 
is  made  in  some  parts  of  the  Continent,  the  brewers  trusting  the  conversion  of  the 
starch  into  sugar  to  the  action  of  the  gluten  alone,  at  a  low  mashing  temperature,  on 
the  principle  of  Saussure's  and  Kirchoff's  researches. 

The  color  of  the  beer  depends  upon  the  color  of  the  malt,  and  the  duration  of  the 
boil  in  the  copper.  The  pale  ale  is  made,  as  we  have  stated,  from  steam  or  sun-dried 
malt,  and  the  young  shoots  of  the  hop;  the  deep  yellow  ale  from  a  mixture  of  pale 
yellow  and  brown  malt;  and  the  dark  brown  beer  from  well-kilned  and  partly  car- 
bonized malt,  mixed  with  a  good  deal  of  the  pale,  to  give  body.  The  longer  and  more 
strongly  heated  the  malt  has  been  in  the  kiln,  the  less  weight  of  extract,  caierU  paribus, 
does  it  afford.  In  making  the  fine  nild  ales,  hish  temperatures  oueht  to  be  avoided, 
and  the  yeast  ought  to  be  skimmed  ovf,  or  allowed  to  flow  very  readily  from  its  top,  by 
means  of  th€  cleansing  butt  system,  so  that  little  ferment  being  left  in  it  to  decompose 
the  rest  of  the  sugar,  the  sweetness  may  remain  unimpaired.  With  regard  to  porter, 
in  certain  breweries,  each  of  the  three  kinds  of  malt  employed  for  it  is  separately 
mashed,  after  which  the  first  and  the  half  of  the  second  wort  is  boiled  along  with  the 
whole  of  the  hops,  and  thence  cooled  and  set  to  ferment  in  the  gyle-tun.  The  third 
drawn  wort,  with  the  remaining  half  of  the  second,  is  then  boiled  with  the  same  hops, 
saved  by  the  drainer,  and,  after  cooling,  added  to  the  former  in  the  gyle-tun,  when  the 
two  must  be  well  roused  together. 

It  is  obvious,  from  the  preceding  development  of  principles,  that  all  amylaceous  and 
saccharine  materials,  such  as  potatoes,  beans,  turnips,  as  well  as  cane  and  starch  sirup, 
molasses,  &c.,  may  be  used  in  brewing  beer.  When,  however,  a  superior  quality  of 
brown  beer  is  desired,  malted  barley  is  indispensable,  and  even  with  these  substitutes 
a  mixture  of  it  is  most  advantageous.  The  washed  roots  of  the  common  carrot,  of  the 
red  and  yellow  beet,  or  of  the  potato,  must  be  first  boiled  in  water,  and  then  mashed 
into  a  pulp.  This  pulp  must  be  mixed  with  water  in  the  copper,  along  with  wheaten 
or  oat  meal,  and  the  proper  quantity  of  hops,  then  boiled  during  8  or  9  hours.  This 
wort  is  to  be  cooled  in  the  usual  way,  and  fermented,  with  the  addition  of  yeast. 
A  much  better  process  is  that  now  practised,  on  a  considerable  scale,  at  Strasbourg,  in 
making  the  ale,  for  which  that  city  is  celebrated.  The  mashed  potatoes  are  mixed  with 
from  a  twentieth  to  a  tenth  of  their  weight  of  finely  ground  barley  malt,  and  some 
water.  The  mixture  is  exposed,  in  a  water-bath,  to  a  heat  of  160°  F.  for  four  hours, 
whereby  it  passes  into  a  saccharine  state,  and  may  then  be  boiled  with  hops,  cooled,  and 
properly  fermented  into  good  beer. 

Maize,  or  Indian  corn,  has  also  been  employed  to  make  beer;  but  its  malting  is 
somewhat  difficult  on  account  of  the  rapidity  and  vigor  with  which  its  radicals  and 
plumula  sprout  forth.  The  proper  mode  of  causing  it  to  germinate  is  to  cover  it,  a  few 
inches  deep,  with  common  soil,  in  a  earden  or  field,  and  to  leave  it  there  till  the  bed  is 
covered  with  green  shoots  of  the  plant.  The  corn  must  be  then  lifted,  washed,  and 
exposed  to  the  kUn. 

The  Difference  of  the  Fermentation. — The  greater  or  less  rapidity  with  which  the 
worts  are  made  to  ferment  has  a  remarkable  influence  upon  the  quality  of  the  beer, 
especially  in  reference  to  its  fitness  for  keeping.  The  wort  is  a  mucilaginous  solution 
.in  which  the  yeasty  principles,  eliminated  by  the  fermentation,  will,  if  favored  by 
regular  and  slow  intestine  movements,  completely  rise  to  the  surface,  or  sink  to  the 
bottom,  so  as  to  leave  the  body  fine.  But,  when  the  action  is  too  violent,  these  barmy 
glutinous  matters  get  comminuted  and  dispersed  through  the  liquor,  and  can  never  after- 
wards be  thoroughly  separated.  A  portion  of  the  same  feculent  matter  becomes,  moreover, 
permanently  dissolved,  during  this  furious  commotion,  by  the  alcohol  that  is  generated. 
Thus  the  beer  loses  not  merely  its  agreeable  flavor  and  limpidity,  but  is  apt  to  spoil 
from  the  slightest  causes.  The  slower,  more  regularly  progressive,  and  less  interrupted, 
therefore,  the  fermentation  is,  so  much  better  will  the  product  be. 

Beer,  in  its  perfect  condition,  is  an  excellent  and  healthful  beverage,  combining,  in 
some  measure,  the  virtues  of  water,  of  wine,  and  of  food,  as  it  quenches  thirst,  stimulates, 
cheers,  and  strengthens.  The  vinous  portion  of  it  is  the  alcohol,  proceeding  from  the 
fermentation  of  the  malt  sugar.  Its  amount,  in  common  strong  ale  or  beer,  is  about 
4  per  cent.,  or  four  measures  of  spirits,  specific  gravity  0*825  in  100  measures  of  the 
liquor.  The  best  brown  stout  porter  contains  6  per  cent.,  the  strongest  ale  even  8  per 
cent. ;  but  common  beer  only  one.  The  nutritive  part  of  the  beer  is  the  undecomposed 
gum-sugar,  and  the  starch-gum,  not  changed  into  sugar.  Its  quantity  is  very  variable, 
according  to  the  original  starch  of  the  wort,  the  length  of  the  fermentation,  and  the  age 
of  the  beer. 
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The  main  feature  of  good  beer  is  fine  color  and  transparency ;  the  production  of 
which  is  an  object  of  great  interest  to  the  brewer.  Attempts  to  clarify  it  in  the  cask 
seldom  fail  to  do  it  harm.  The  only  thing  that  can  be  used  with  advantage  for  fining 
foul  or  muddy  beer,  is  isinglass.  For  porter,  as  commonly  brewed,  it  is  frequently  had 
recourse  to.  A  pound  of  good  isinglavss  will  make  about  12  gallons  oi  finings.  It  is 
cut  into  slender  shreds,  and  put  into  a  tub  with  as  much  vinegar  or  hard  beer  as  will 
cover  it,  in  order  that  it  may  swell  and  dissolve.  In  proportion  as  the  solution  proceeds, 
more  beer  must  be  poured  upon  it,  but  it  need  not  be  so  acidulous  as  the  first,  because, 
when  once  well  softened  by  the  vinegar,  it  readily  dissolves.  The  mixture  should  be 
frequently  agitated  with  a  bundle  of  rods,  till  it  acquires  the  uniform  consistence  of  thin 
treacle,  when  it  must  be  equalized  still  more  by  passing  through  a  tammy  cloth,  or  a 
sieve.  It  may  now  be  made  up  with  beer  to  the  proper  measure  of  dilution.  The 
quantity  generally  used  is  from  a  pint  to  a  quart  per  barrel,  more  or  less,  according  to 
the  foulness  of  the  beer.  But  before  putting  it  into  the  butt,  it  should  be  diffused 
through  a  considerable  volume  of  the  beer  with  a  whisk,  till  a  frothy  head  be  raised 
upon  it.  It  is  in  this  state  to  be  poured  into  the  cask,  briskly  stiiTed  about;  after 
which  the  cask  must  be  bunged  down  for  at  least  24  hours,  when  the  liquor  should  be 
limpid.  Sometimes  the  beer  will  not  be  improved  by  this  treatment ;  but  this  should 
be  ascertained  beforehand,  by  drawing  off  some  of  the  beer  into  a  cylindric  jar  or  vial, 
and  adding  to  it  a  little  of  the  finings.  After  shaking  and  setting  down  the  glass,  we 
shall  observe  whether  the  feculencies  begin  to  collect  in  flocky  parcels,  which  slowly 
subside ;  or  whether  the  isinglass  falls  to  the  bottom  without  making  any  impression 
upon  the  beer.  This  is  always  the  case  when  the  fermentation  is  incomplete,  or  a  se- 
condary decomposition  has  begun.  Mr.  Jackson  has  accounted ^or  this  clarifying  effect 
of  isinglass  in  the  following  way. 

The  isinsrlass,  he  thinks,  is  first  of  all  rather  diffused  mechanically,  than  chemically 
dissolved,  in  the  sour  beer  or  vinegar,  so  that  when  the  finings  are  put  into  the  foul  beer, 
the  gelatinous  fibres,  being  set  free  in  the  liquor,  attract  and  unite  with  the  floating  fecu- 
lencies, which  before  this  union  were  of  the  same  specific  gravity  with  the  beer,  and 
therefore  could  not  subside  alone ;  but  having  now  acquired  additional  weight  by  the 
coating  offish  glue,  precipitate  as  a  flocculent  magma.  This  is  Mr.  Jackson's  explana- 
tion ;  to  which  I  would  add,  that  if  there  be  the  slightest  disengagement  of  carbonic 
acid  gas,  it  will  keep  up  an  obscure  locomotion  in  the  particles,  which  will  prevent  the  said 
light  impurities,  either  alone  or  when  coated  with  isinglass,  from  subsiding.  The  beer 
is  then  properly  enough  called  stubborn  by  the  coopers.  But  the  true  theory  of  the  action 
of  isinglass  is,  that  the  tannin  of  the  hops  combines  with  the  fluid  gelatine,  and  forms  a 
flocculent  mass,  which  envelopes  the  muddy  particles  of  the  beer,  and  carries  them  to  the 
bottom  as  it  falls,  and  forms  a  sediment.  When,  after  the  finings  are  poured  in,  no 
proper  precipitate  ensues,  it  may  be  made  to  appear  by  the  addition  of  a  little  decoction 
of  hop. 

Mr.  Richardson,  the  author  of  the  well-knojvn  brewer's  saccharometer,  gives  the 
following  as  the  densities  of  different  kinds  of  beer  : — 


Beer. 

Pounds  per  Barrel. 

Specific  Giavity. 

Burton  ale,  1st  sort      -        .        - 

40  to  43 

Mil  to  M20 

2d  ditto   - 

35  to  40 

1-097  to  Mil 

3d  ditto       -        .        - 

28  to  33 

1-077  to  1-092 

Common  ale     -    "  - 

25  to  27 

1-070  to  1-073 

Ditto  ditto 

21 

1-058 

Porter,  common  sort 

18 

1-050 

Ditto,  double        .         .        -        - 

20 

1-055 

Ditto,  brown  stout    .        -        - 

23 

1-064 

Ditto,  best  brown  stout 

26 

1-072 

Common  small  beer  -        -        - 

6 

1-014 

Good  table  beer  -        -        -        - 

12  to  14 

1-033  to  1-039 

Of  Returns  or  Malt  Residuums. —  When  small  beer  is  brewed  after  ale  or  porter,  only 
one  mash  is  to  be  made ;  but  where  this  i^  not  done,  there  may  be  two  mashes,  in  order 
to  economize  malt  to  the  utmost.  We  may  let  on  the  water  at  160°  or  165°,  in  any 
convenient  quantity,  infuse  for  an  hour  or  thereby,  then  run  it  oflT,  and  pump  into  the 
copper,  putting  some  hops  into  it,  and  causing  it  to  boil  for  an  instant;  when  it  may  be 
transferred  to  the  cooler.  A  second  mash  or  return  may  be  made  in  the  same  manner, 
but  at  a  heat  5°  lower ;  and  then  disposed  of  in  the  boiler  with  some  hops,  which  may 
remain  in  the  copper  during  the  night  at  a  scalding  heat,  and  may  be  discharged  into 
the  cooler  in  the  morning.  These  two  returns  are  to  be  let  down  into  the  under- 
back  immediately  before  the  next  brewing,  and  thence  heated  in  the  copper  for  the  next 
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mashing  of  fresh  malt,  instead  of  hot  water,  commonly  called  liquor,  in  the  breweries. 
But  allowance  must  be  made,  in  the  calculation  of  the  worts,  for  the  quantity  of  ferment- 
able matter  in  these  two  returns.  The  nett  aggregate  saving  is  estimated  from  the 
oravity  of  the  return  taken  when  cold  in  the  cooler.  A  slight  economy  is  also  made  in 
the  extra  boiling  of  the  used  hops.  The  lapse  of  a  day  or  two  between  the  consecutive 
brewings  is  no  objection  to  the  method  of  returns,  because  they  are  too  weak  in  saccha- 
rine matter  to  run  any  risk  of  fermentation. 

In  conclusion,  it  may  be  remarked  that  Mr.  Richardson  somewhat  underrates  the 
gravity  of  porter,  which  is  now  seldom  under  201bs.  per  barrel.  The  criterion  for  trans- 
ferring from  the  gjle-tun  to  the  cleansing  butts  is  the  attenuation  caused  by  the  produc- 
tion of  alcohol  in  the  beer  :  when  that  has  fallen  to  lOlbs.  or  1  libs.,  which  it  usually  does 
in  48  hours,  the  cleansing  process  is  commenced.  The  heat  is  at  this  time  generally  75°, 
if  it  was  pitched  at  65° ;  for  the  heat  and  the  attenuation  go  hand  in  hand. 

About  thirty  years  ago,  it  was  customary  for  the  London  brewers  of  porter  to  keep 
immense  stocks  of  it  for  eighteen  months  or  two  years,  with  the  view  of  improving  its 
quality.  The  beer  was  pumped  from  the  cleansing  butts  into  store-vats,  holding  from 
twenty  to  twenty-five  gyles  or  brewings  of  several  hundred  barrels  each.  The  store-vats 
had  commonly  a  capacity  of  5000  or  6000  barrels ;  and  a  few  were  double,  and  one  was 
treble,  this  size.  The  porter,  during  its  long  repose  in  these  vats,  became  fine,  and  by 
obscure  fermentation  its  saccharine  mucUage  was  nearly  all  converted  into  vinous  liquor, 
and  dissipated  in  carbonic  acid.  Its  hop-bitter  was  also  in  a  great  degree  decomposed. 
Good  hard  beer  was  the  boast  of  the  day.  This  was  sometimes  softened  by  the  publican, 
by  the  addition  of  some  mild  new-brewed  beer.  Of  late  years,  the  taste  of  the  metro- 
polis has  undergone  such  a  complete  revolution  in  this  respect,  that  nothing  but  the 
mildest  porter  will  now  go  down.  Hence,  six  weeks  is  a  long  period  for  beer  to  be  kept 
in  London ;  and  much  of  it  is  drunii  when  only  a  fortnight  old.  Ale  is  for  the  same  rea- 
son '  jme  greatly  into  vogue ;  and  the  two  greatest  porter  houses,  Messrs.  Barclay, 
Perkins,  &  Co.,  and  Truman,  Hanbury,  &  Co.,  have  become  extensive  and  successful 
brewers  of  mild  ale,  to  please  the  changed  palate  of  their  customers. 

We  shall  add  a  few  observations  upon  the  brewing  of  Scotch  ale.  This  beverage  is 
characterized  by  its  pale  amber  color,  and  its  mild  balsamic  flavor.  The  bitterness  of 
the  hop  is  so  mellowed  with  the  malt  as  not  to  predominate.  The  ale  of  Preston  Pans 
is,  in  fact,  the  best  substitute  for  wine  which  bai'ley  has  hitherto  produced.  The  low 
temperature  at  which  the  Scotch  brewer  pitches  his  fermenting  tun  restricts  his  labors 
to  the  colder  months  of  the  year.  He  does  nothing  dming  four  of  the  summer  months. 
He  is  extremely  nice  in  selecting  his  malt  and  hops ;  the  former  being  made  from  the  best 
English  barley,  and  the  latter  being  the  growth  of  Famham  or  East  Kent.  The  yeast  is 
carefully  looked  after,  and  measured  into  the  fermenting  tun  in  the  proportion  of  one 
gallon  to  240  gallons  of  wort. 

Only  one  mash  is  made  by  the  Scotch  ale  brewer,  and  that  pretty  strong ;  but  the 
malt  is  exhausted  by  eight  or  ten  successive  sprinklings  of  liquor  (hot  water)  over  the 
goods  (malt),  which  are  termed  in  the  vernacular  tongue,  sparges.  These  waterings 
percolate  through  the  malt  on  the  mash-tun  bottom,  and  extract  as  much  of  the  saccharine 
matter  as  may  be  sufficient  for  the  brewing.  By  this  simple  method  much  higher  specific 
gravities  may  be  obtained  than  would  be  practicable  by  a  second  mash.  With  malt,  the 
infusion  or  saccharine  fermentation  of  the  diastase  is  finished  with  the  first  mash ;  and 
nothing  remains  but  to  wash  away  from  the  goods  the  matter  which  that  process  has 
'  rendered  soluble.  It  will  be  found  on  trial  that  20  barrels  of  wort  drawn  from  a  certain 
quantity  of  malt,  by  two  successive  mashings,  will  not  be  so  rich  in  fermentable  matter 
as  20  barrels  extracted  by  ten  successive  sparges  of  two  barrels  each.  The  grains 
always  remain  soaked  with  wort  like  that  just  diawn  off,  and  the  total  residual  quantity 
is  three  fourths  of  a  barrel  for  every  quarter  of  malt.  The  gravity  of  this  residual  wort 
will  on  the  first  plan  be  equal  to  that  of  the  second  mash ;  but  on  the  second  plan,  it 
will  be  equal  only  to  that  of  the  tenth  sparge,  and  will  be  more  attenuated  in  a  very  high 
geometrical  ratio.  The  only  serious  objection  to  the  sparging  system  is  the  loss  of  time 
by  the  successive  drainages.  A  mash-tun  with  a  steam  jacket  promises  to  suit  the 
sparging  system  well ;  as  it  would  keep  up  a  uniform  temperature  in  the  goods,  without 
requiring  them  to  be  sparged  with  very  hot  liquor. 

The  first  part  of  the  Scotch  process  seems  of  doubtful  economy ;  for  the  mash  liquor  is 
heated  so  high  as  180°.  After  mashing  for  about  half  an  hour,  or  tiU  every  particle  of 
the  malt  is  thoroughly  drenched,  the  tun  is  covered,  and  the  mixture  left  to  infuse  about 
three  hours ;  it  is  then  drained  off  into  the  under-back,  or  preferably  into  the  wort 
copper. 

After  this  wort  is  run  off,  a  quantity  of  liquor  (water),  at  180°  of  heat,  is  sprinkled 
uniformly  over  the  surface  of  the  mall;  being  first  dashed  on  a  perforated  circular 
board,  suspended  horizontally  over  the  mash-tun,  wherefrom  it  descends  like  a  shower 
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upon  Ihe  whole  of  the  goods.  The  percolating  wort  is  allowed  to  flow  off,  by  three  or 
more  small  stopcocks  round  the  circumference  of  the  mash-tun,  to  ensure  the  equal  dif 
fusion  of  the  liquor. 

The  first  sparge  being  run  off  in  the  course  of  twenty  minutes,  another  similar  one 
is  aflused  ;  and  thus  in  succession  till  the  whole  of  the  drainage,  when  mixed  with  the 
first  mash-wort,  constitutes  the  density  adapted  to  ihe  quality  of  the  ale.  Thus,  the 
strong  worts  are  piepared,  and  the  malt  is  exhausted  either  for  table  beer,  or  for  a 
reiwv,  as  pointed  out  above.  The  last  sparges  aie  made  5°  or  6°  cooler  than  the 
first. 

The  quantity  of  hops  seldom  exceeds  four  pounds  to  the  quarter  of  malt.  The  manner 
of  boiling  the  worts  is  the  same  as  that  above  described ;  but  the  conduct  of  the  fer- 
mentation is  peculiar.  The  heat  is  pitched  at  50°,  and  the  fermentation  continues  from 
a  fortnight  to  three  weeks.  Were  three  brewings  made  in  the  week,  seven  or  eight 
working  tuns  would  thus  be  in  constant  action  ;  and,  as  they  are  usually  in  one  room, 
and  some  of  them  at  an  elevation  of  temperature  of  15°,  the  apartment  must  be  pro- 
pitious to  fermentation,  however  low  its  heat  may  be  at  the  commencement.  No  more 
yeast  is  used  than  is  indispensable ;  if  a  little  more  be  needed,  it  is  made  effective  bj 
rousing  up  the  tuns  twice  a  day  from  the  bottom. 

When  the  progress  of  the  attenuation  becomes  so  slack  as  not  to  exceed  half  a  pound 
in  the  day,  it  is  prudent  to  cleanfe,  otherwise  the  top-barm  might  re-enter  the  body  of  the 
beer,  and  it  would  become  yeasi-bitien.  When  the  ale  is  cleansed,  the  head,  which  has 
not  been  disturbed  for  som.e  days,  is  allowed  to  float  on  the  surface  till  the  whole  of  the 
then  pure  ale  is  drawn  ofl'  into  the  casks.  This  top  is  regarded  as  a  sufficient  preservative 
against  the  contact  of  the  atmosphere.  The  b'cotch  do  not  skim  their  tuns,  as  the  Lon- 
don ale  brewers  comm.only  do.  The  Scotch  ale,  when  so  cleansed,  does  not  require  to 
be  set  upon  close  stillions.  It  throws  ofl'  little  or  no  yeast,  because  the  fermentation 
was  nearly  finished  in  the  tun.  The  strength  of  the  best  Scotch  ale  ranges  between  32 
and  44  pounds  to  the  barrel;  or  it  has  a  specific  gravity  of  from  1-088  to  1-122,  according 
to  the  price  at  which  it  is  sold.  In  a  good  fermentation,  seldom  more  than  a  fourth  of 
the  original  gravity  of  the  wort  remains  at  the  period  of  the  cleansing.  Between  one 
third  and  one  fourth  is  the  usual  degree  of  attenuation.  Scotch  ale  soon  becomes  fine, 
and  is  seldom  racked  for  the  home  market.  The  folloA\ing  table  will  show  the  progress 
of  fermentation  in  a  brewing  of  good  Scotch  ale : 

20  barrels  of  mash-worts  of  42^  pounds  gravity  =  860-6 
20      —  returns  6J^  ^  ~  122 
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Fermentation  -. — 


pounds  weight  of  extract  per  quarter  of  malt  =  81 


March  24.  pitched  the  tun  at  51° 

yeast  4  gallons. 

Temp. 

Gravity. 

26.                       52° 

41  pounds. 

28.                       56° 

39 

30.                       60° 

34 

April     1.                       62° 

32 

4.                       65° 

29  added  1  lb.  of  yeast. 

5.                        66° 

25 

6.                       67° 

23 

7.                        67° 

20 

8.                       66° 

18 

9.                        66° 

15 

10.                       64° 

14-5  cleansed.  * 

The  following  table  shows  the  origin  and  the  result  of  fermentation,  in  a  number  of 
practical  experiments : — 


Oiiginal  Gravity  of 

I  ha',   per  Ban  el   of 

Specific  Gravity  of 

Lljs.  per  Bnrrel  of 

Attenuation,  nr  Sac- 

the  Worts. 

Sacdiaiine    Matter. 

tlie  Ale. 

Saccharine    Matter. 

rharum  (Jecoinimscd. 

1-0950 

88-75 

1-0500 

40-25 

0-478 

1-0918 

85-62 

1-0420 

38-42 

0-552 

1-0829 

78-125 

1-0205 

16-87 

0-787 

1-0862 

80-625 

1-0236 

20-00 

0-757 

1-0780 

73-75 

1-0280 

24-25 

0-698          I 

1-0700 

65-00 

1-0285 

25-00 

0-615          1 

M002 

93-75 

1-0400 

36-25 

0-613          1 

'  Brewing  (Society  for  diffusing  Useful  Knowlodge),  p.  156. 


BEER. 


115 


Fermentation  Table —  continued. 


Oiiginal  Gravity  of 

Ills,   per  Bill) el   of 

Sjieoific  Gravity   of 

Llis.  per  Barrel  of 

Attenuation,  or  Sac- 

the  Worts. 

Sacchaiiiie   Matter. 

the  Ale. 

Saccharine    Matter. 

rharuni  decomposed. 

M025 

95-93 

1-0420 

38-42 

0-600 

1-0978 

91-56 

1-0307 

27-00 

0-705 

1-0956 

89-37 

1-0358 

32-19 

0-640 

1-1130 

105-82 

1-0352 

31-87 

0-661 

1-1092 

102-187 

1-0302 

26-75 

0-605 

1-1171 

lJO-00     ■ 

1-0400 

36-25 

0-669 

1-1030 

9C-40 

1-0271 

23-42 

0-757 

1-0660 

61-25 

1-0214 

17-80 

0-709 

The  second  column  here  does  not  represent,  I  believe,  the  solid  extract,  but  the  pasty 
extract  obtained  as  the  basis  of  Mr.  Allen's  saccharometer,  and  therefore  each  of  its 
numbers  is  somewhat  too  high.  The  last  column,  also,  must  be  in  some  measure  erro- 
neous, on  account  of  the  quantity  of  acohol  dissipated  during  the  process  of  fermenta- 
tion. It  must  be  likewise  incorrect,  because  the  density  due  to  the  saccharine  matter 
will  be  partly  counteracled,  by  the  effect  of  the  alcohol  present  in  the  fermented  liquor. 
In  fact,  the  attenuation  does  not  correspond  to  the  strength  of  the  wort ;  being  greatest 
in  the  third  brewing,  and  smallest  in  the  first.  The  quantity  of  yeast  for  the  above  ale 
brewings  in  the  table  was,  upon  an  average,  one  gallon  for  108  gallons;  but  it  varied 
with  its  quality,  and  with  the  state  of  the  weather,  which,  when  warm,  permits  much 
less  to  be  used  with  propriety. 

The  good  quality  cf  the  malt,  and  the  right  management  of  the  mashing,  may  be  tested 
by  the  quantity  of  saccharine  matter  contained  in  the  successively  drawn  worts.  With 
this  view,  an  aliquot  portion  of  each  of  them  should  be  evaporated  by  a  safety-bath  heat 
to  a  nearly  concrete  consistence,  and  then  mixed  v/ith  twice  its  volume  of  strong  spirit 
of  wine.  The  truly  saccharine  substance  will  be  dissolved,  while  the  starch  and  other 
matters  will  be  separated;  after  which  the  proportions  of  each  may  be  determined  by 
filtration  and  evaporation.  Or  an  equally  correct,  and  much  more  expeditious  method  of 
arriving  at  the  same  result  would  be,  after  agitating  the  viscid  extract  with  the  alcohol 
in  a  tall  glass  cylinder,  to  allow  the  insoluble  fecula  to  subside,  and  then  to  determine 
the  specific  gravity  of  the  supernatant  liquid  by  a  hydrometer.  The  additional  density 
which  the  alcohol  has  acquired  will  indicate  the  quantity  of  malt  sugar  which  it  has 
received.  The  following  table,  constmcted  by  me,  at  the  request  of  Henry  Warburton, 
Esq.,  M.  P.,  chairman  of  the  Molasses  Committee  of  the  House  of  Commons  in  1830, 
will  show  the  brewer  the  principle  of  this  important  inquiry,  ft  exhibits  the  quantity  in 
grains  weight  of  sugar  requisite  to  raise  the  specific  gravity  of  a  gaUon  of  spirit  of  dif- 
ferent densities  to  the  gravity  of  water  =  1-000 : 

Specific  Gravity  of  Grains  ;  Weight  of  Sugar  in  the 

Spirit.  Gallon  Imperial. 

0-995  980 

0-990  1-890 

0-985  2-800 

0-980  3-710 

0-975  4-690 

0-970  5-600 

0-965  6-650 

0-960  7-070 

0-955  8-400 

0-950  9-310 

The  immediate  purpose  of  this  table  was  to  show  the  effect  of  saccharine  matter  in 
dissi'ising  the  presence  or  amount  of  alcohol  in  the  weak  feints  of  the  distiller.  But 
a  similar  table  might  easily  be  constructed,  in  which,  taking  a  uniform  quantity  of  alco- 
hol of  0-825,  for  example,  the  quantity  of  sugar  in  any  wort-extract  would  be  shown  by 
the  increase  of  specific  gravity  which  the  alcohol  received  from  agitation  with  a  certain 
weight  of  the  wort,  ins])issated  to  a  nearly  solid  consistence  by  a  safety-pan,  made  on 
the  principle  of  my  patent  sugar-pan.  (See  Sugar.)  Thus,  the  normal  quantities 
being  1000  grain  measures  of  alcohol,  and  100  grains  by  weight  of  inspissated  mash- 
exti  act,  the  hydrometer  would  at  once  indicate,  by  help  of  the  table,  first,  the  quantity 
per  cent,  of  truly  saccharine  matter,  and  next,  by  subtraction,  that  of  farinaceous  matter 
present  in  it. 

Plan,  Machinery,  and  Utensils  of  a  great  Brewery. — Figs.  103  and  104  represent  the 
arrangement  of  the  utensils  and  machinery  in  a  porter  brewery  on  the  largest  scale  ;  in 
which,  however,  it  must  be  observed  that  the  elevation  Jig.  103  is  in  a  gieat  degree  ima- 
ginary as  to  the  plane  upon  which  it  is  taken  ;  but  the  different  vessels  are  arranged  so  as 
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10  explain  their  uses  most  readily,  and  at  the  same  time  to  preserve,  as  nearly  as  possible, 
the  relatiye  positions  which  are  usually  assigned  to  each  in  works  of  this  nature. 


The  malt  for  the  supply  of  the  brewery  is  stored  in  vast  granaries  or  malt-lofts,  usually 
situated  in  the  upper  part  of  the  buUdings.  Of  these,  I  have  been  able  to  represent 
only  one,  at  A,  fig.   103  :  the  others,  which  are  supposed  to  be  on  each  side  of  it,  cannot 
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be  seen  in  this  view.  Immediately  beneath  the  granary  A,  on  the  ground  floor,  is  the 
mill ;  in  the  upper  story  above  it,  are  two  pairs  of  rollers,  ^tg^.  101,  102,  and  103,  under 
a,  a,  for  bruising  or  crushing  the  grains  of  the  malt.  In  the  floor  beneath  the  rollers  are 
the  mill-stones  6,  6,  where  the  malt  is  sometimes  ground,  instead  of  being  merely  bruised 
by  passing  between  the  rollers,  under  a,  a. 

The  malt,  when  prepared,  is  conveyed  by  a  trough  into  a  chest  d,  to  the  right  of  b, 
from  which  it  can  be  elevated  by  the  action  of  a  spiral  screw.  Jig.  105,  enclosed  in  the 
sloping  tube  e,  into  the  large  chest  or  bin  b,  for  holding  ground  malt,  situated  imme- 
diately over  the  mash-tun  d.  The  malt  is  reserved  in  this  bin  till  wanted,  and  it  is 
then  let  down  into  the  mashing-tun,  where  the  extract  is  obtained  by  hot  water  supplied 
from  the  copper  g,  seen  to  the  right  of  b. 

The  water  for  the  service  of  the  brewery  is  obtained  from  the  well  e,  seen  beneath  the 
mill  to  the  left,  by  a  lifting  pump  worked  by  the  steam  engine ;  and  the  forcing-pipe  / 
of  this  pump  conveys  the  water  up  to  the  large  reservoir  or  water-back  f,  placed  at  the 
top  of  the  engine-house.  From  this  cistern,  iron  pipes  are  laid  to  the  copper  g  (on  the 
i-ight-hand  side  of  the  figure),  as  also  to  every  part  of  the  establishment  where  cold  water 
can  be  wanted  for  cleaning  and  washing  the  vessels.  The  copper  g  can  be  filled  with 
cold  water  by  merely  turning  a  cock ;  and  the  water,  when  boiled  therein,  is  conveyed 
by  the  pipe  g  into  the  bottom  of  the  mash-tun  d.  It  is  introduced  beneath  a  false  bot- 
tom, upon  which  the  malt  lies,  and,  rising  up  through  the  holes  in  the  false  bottom,  it 
extracts  the  saccharine  matter  from  the  malt ;  a  greater  or  less  time  beinsr  allowed  for  the 
infusion,  according  to  circumstances.  The  instant  the  water  is  drawn  ofl'from  the  copper, 
fresh  water  must  be  let  into  it,  in  order  to  be  ready  for  boiling  the  second  mashing ;  be- 
cause the  copper  must  not  be  left  empty  for  a  moment,  otherwise  the  intense  heat  of  the 
fire  would  destroy  its  bottom.  For  the  convenience  of  thus  letting  down  at  once  as  much 
liquor  as  will  fill  the  lower  part  of  the  copper,  a  pan  or  second  boiler  is  placed  over  the 
top  of  the  copper,  as  seen  in  fig.  103 ;  and  the  steam  rising  from  the  copper  communi- 
cates a  considerable  degree  of  heat  to  the  contents  of  the  pan,  without  any  expense  of 
fuel.     This  will  be  more  minutely  explained  hereafter.     {See  fig.  107.) 

During  the  process  of  mashing,  the  malt  is  agitated  in  the  mash-tun  so  as  to  expose 
every  part  to  the  action  of  the  water.  This  is  done  by  a  mechanism  contained  within 
the  mash-tun,  which  is  put  in  motion  by  a  horizontal  shaft  above  it,  h,  leading  from  the 
mill.  The  mash  machine  is  shown  separately  in  fig.  106.  When  the  operation  of  mash- 
ing is  finished,  the  wort  or  extract  is  drained  down  from  the  malt  into  the  vessel  i,  called 
the  under-back,  immediately  below  the  mash-tun,  of  like  dimensions,  and  situated  always 
on  a  lower  level,  for  which  reason  it  has  received  this  name.  Here  the  wort  does  not  re- 
main longer  than  is  necessary  to  drain  oflf  the  whole  of  it  from  the  tun  above.  It  is  then 
pumped  up  by  the  three-barrelled  pump  k,  into  the  pan  upon  the  top  of  the  copper,  by  a 
pipe  which  cannot  be  seen  in  this  section.  The  wort  remains  in  the  pan  until  the  water 
for  the  succeeding  mashes  is  discharged  from  the  copper.  But  this  delay  is  no  loss  of 
time,  because  the  heat  of  the  copper,  and  the  steam  arising  from  it,  prepare  the  wort, 
which  had  become  cooler,  for  boiling.  The  instant  the  copper  is  emptied,  the  first  wort 
is  let  down  from  the  pan  into  the  copper,  and  the  second  wort  is  pumped  up  from  the 
under-back  into  the  upper  pan.  The  proper  proportion  of  hops  is  thrown  into  the  cop- 
per through  the  near  hole,  and  then  the  door  is  shut  down,  and  screwed  fast,  to  keep  in 
the  steam,  and  cause  it  to  rise  up  through  pipes  into  the  pan.  It  is  thus  forced  to  blow 
up  through  the  wort  in  the  pan,  and  communicates  so  much  heat  to  it,  or  water,  called  li- 
quor by  the  brewers,  that  either  is  brought  near  to  the  boiling  point.  The  dillerent  worts 
succeed  each  other  tlu'ough  all  the  different  vessels  with  the  greatest  regularity,  so  that 
there  is  no  loss  of  time,  but  every  part  of  the  apparatus  is  constantly  employed.  When 
the  ebullition  has  continued  a  sufficient  period  to  coagulate  the  grosser  part  of  the  extract, 
and  to  evaporate  part  of  the  water,  the  contents  of  the  copper  are  run  oiT  through  a  large 
cock  into  the  jack-back  k,  below  g,  which  is  a  vessel  of  sufficient  dimensions  to  contain 
it,  and  provided  with  a  bottom  of  cast-iron  plates,  perforated  with  small  holes,  through 
which  the  wort  drains  and  leaves  the  hops.  The  hot  wort  is  drawn  off  from  the  jack- 
back  through  the  pipe  h  by  the  three-barrelled  pump,  which  throws  it  up  to  the  coolers 
L,  l,l;  this  pump  being  made  with  different  pipes  and  cocks  of  communication,  to  serve 
all  the  purposes  of  the  brewery  except  that  of  raising  the  cold  water  from  the  well.  The 
coolers  l,  l,  l,  are  very  shallow  vessels,  built  over  one  another  in  several  stages  :  and  that 
part  of  the  building  in  which  they  are  contained  is  built  with  lattice-work  or  shutter  flaps, 
on  all  sides,  to  admit  free  currents  of  air.  When  the  wort  is  sufficiently  cooled  to  be  put  to 
the  first  fermentation,  it  is  conducted  in  pipes  from  all  the  different  coolers  to  the  large 
fermenting  vessel  or  gyle-tun  m,  which,  with  another  similar  vessel  behind  it,  is  of  suffi- 
cient capacity  to  contain  all  the  beer  of  one  day's  brewings. 

Whenever  the  first  fermentation  is  concluded,  the  beer  is  drawn  oflf  from  the  great  fer- 
menting vessel  M,  into  the  small  fermenting  casks  or  cleansing  vessels  n,  of  which  there 
are  a  great  number  in  the  brewery.  They  are  placed  four  together,  and  to  each  four  a  com- 
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mon  spout  is  provided  to  carry  ofl  the  yeast,  and  conduct  it  into  the  troughs  u,  placed 
benenth.  In  these  cleansing  vessels  the  beer  remains  till  the  fermentation  is  completed; 
and  it  is  then  put  into  the  store-vats,  which  are  casks  or  tuns  of  an  immense  size,  where 

it    is    kept    till    wanted,  and    is 
^/i  "kh  i,\\\\\v.xv.\x\£v      finally    dra-rni    off    into     barrels, 

_^^^  ^^^^  away  from  the  brewery. 
Tlie  store-vats  are  not  represented 
in  the  figure  :  they  are  of  a  conical 
shape,  and  of  different  dimen- 
sions, from  fifteen  to  twenty  feet 
diameter,  and  usually  from  fifteen 
to  twenty  feet  in  depth.  The 
steam-engine  which  puts  all  the 
machine  in  motion  is  exhibited 
in  its  place,  on  the  left  side  of 
the  figure.  On  the  axis  of  the 
large  fly-wheel  is  a  bevelled  spur- 
wheel,  which  turns  another  si- 
milar wheel  upon  the  end  of  a 
horizontal  shaft,  which  extends 
from  the  engine-house  to  the 
great  horse-wheel,  set  in  motion 
by  means  of  a  spur-wheel.  The 
horse-wheel  drives  all  the  pinions 
for  the  mill-stones  b  b,  and  also 
the  horizontal  axis  which  works 
the  three-barrelled  pump  k.  The 
rollers  a,  a,  are  turned  by  a  bevel 
wheel  upon  the  upper  end  of  the 
axis  of  the  horse-wheel,  which  is 
prolonged  for  that  purpose ;  and 
the  horizontal  shaft  h,  for  the 
mashing  engine,  is  driven  by  a 
pair  of  bevel  wheels.  There  is 
likewise  a  sack-tackle,  which  is 
not  represented.  It  is  a  machine 
for  drawing  up  the  sacks  of  malt 
from  the  court-yard  to  the  highest 
part  of  the  building,  whence  the 
sacks  are  wheeled  on  a  truck  to 
the  malt-loft  a,  and  the  contents 
of  the  sacks  are  discharged. 

The  horse-wheel  is  intended  to 
be  driven  by  horses  occasionally, 
if  the  steam-engine  should  fail; 
but  these  engines  are  now  brought 
to  such  perfection  that  it  is  very 
seldom  any  recourse  of  this  kind  is 
needed. 

Fig.  104  is  a  representation 
of  the  fermenling  house  .at  the 
brewery  of  Messrs.  Whitbread 
and  Company,  Chiswell  Street, 
London,  which  is  one  of  the  most 
complete  in  its  arrangement  in 
the  world :  it  was  erected  after  the 
plan  of  Mr.  Richardson,  who  con- 
ducts the  brewing  at  those  works. 
The  whole  of  fig.  104  is  to  be 
considered  as  devoted  to  the  same 
tibject  as  the  large  vessel  m  and 
the  casks  n.  Jig.  103.  In  fig.  104 
r  r  is  the  pipe  which  leads  from 
the  different  coolers  to  convey 
the  wort  to  the  great  fermenting 
vessels  or  squares  m,  of  which  there  are  two,  one  behind  the  other ;  //  represents  a  part  of 
the  great  pipe  which  conveys  all  the  water  from  the  well  E,_/ig.  103,  up  to  the  water  cistern 


BEER.  liy 

F.  This  pipe  is  conducted  purposely  up  the  wall  of  the  fermenting-house,  ^g.  104,  and 
has  a  cock  in  it,  near  r,  to  stop  the  passage.  Just  beneath  this  passage  a  branch-pipe  p 
proceeds,  and  enters  a  large  pipe  x  x,  which  has  the  former  pipe  r  withinside  of  it. 
From  the  end  of  the  pipe  x,  nearest  to  the  squares  m,  another  branch  n  n  proceeds,  and 
returns  to  the  original  pipe/,  with  a  cock  to  regulate  it.  The  object  of  this  arrangement 
is  to  make  all,  or  any  part,  of  the  cold  water  flow  through  the  pipe  x  x,  which  surrounds 
the  pipe  r,  formed  only  of  thin  copper,  and  thus  cool  the  wort  passing  through  the  pipe 
r,  until  it  is  found  by  the  thermometer  to  have  the  exact  temperature  which  is  desirable 
before  it  is  put  to  ferment  in  the  great  square  m.  By  means  of  the  cocks  at  n  and  p,  the 
quantity  of  cold  water  passing  over  the  surface  of  the  pipe  r  can  be  regulated  at  pleasure, 
whereby  the  heat  of  the  wort,  when  it  enters  into  the  square,  may  be  adjusted  Avithin  half 
a  degree. 

When  the  first  fermentation  in  the  squares  m  m  is  finished,  the  beer  is  drawn  oflf  from 
them  by  pipes  marked  v,  and  conducted  by  its  branches  w  w  w,  to  the  different  rows  of 
fermenting-tuns,  marked  n  n,  which  occupy  the  greater  part  of  the  building.  In  the 
hollow  between  every  two  rows  are  placed  large  troughs,  to  contain  the  yeast  which 
they  throw  off.  The  figure  shows  that  the  small  tuns  are  all  placed  on  a  lower  level 
than  the  bottom  of  the  great  vessels  m,  so  that  the  beer  will  flow  into  them,  and,  by  hy- 
drostatic equilibrium,  will  fill  them  to  the  same  level.  When  they  are  filled,  the  com- 
munication-cock is  shut ;  but,  as  the  working  off  the  yeast  diminishes  the  quantity  of 
beer  in  each  vessel,  it  is  necessary  to  replenish  them  from  time  to  time.  For  this 
purpose,  the  two  large  vats  o  o  are  filled  from  the  great  squares  m  m,  before  any  beer 
is  drawn  off  into  the  small  casks  n,  and  this  quantity  of  beer  is  reserved  at  the  higher 
level  for  filling  up.  The  two  vessels  o  o  are,  in  reality,  situated  between  the  two  squares 
M  M ;  but  I  have  been  obliged  to  place  them  thus  in  the  section,  in  order  that  they 
may  be  seen.  Near  each  fiUing-up  tun  o  is  a  small  cistern  t  communicating  with  the 
tun  o  by  a  pipe,  which  is  closed  by  a  float-valve.  The  small  cisterns  t  are  always  in 
communication  with  the  pipes  which  lead  to  the  small  fermenting  vessels  n  ;  and  there- 
fore the  surface  of  the  beer  in  all  the  tuns,  and  in  the  cisterns,  will  always  be  at  the  same 
level ;  and  as  this  level  subsides  by  the  working  off  of  the  yeast  from  the  tuns,  the  float 
sinks  and  opens  the  valve,  so  as  to  admit  a  sufficiency  of  beer  from  the  filling-up  tuns 
o,  to  restore  the  surfaces  of  the  beer  in  all  the  tuns,  and  also  in  the  cistern  t,  to  the 
original  level.  In  order  to  carry  off  the  yeast  which  is  produced  by  the  fermentation  of 
the  beer  in  the  tuns  o  o,  a  conical  iron  dish  or  funnel  is  made  to  float  upon  the  surface  of 
the  beer  which  they  contain ;  and  from  the  centre  of  this  funnel  a  pipe,  o,  descends,  and 
passes  through  the  bottom  of  the  tun,  being  packed  with  a  collar  of  leather,  so  as  to  be 
water-tight;  at  the  same  time  that  it  is  at  liberty  to  slide  down,  as  the  surface  of  the  beer 
descends  in  the  tun.  The  yeast  flows  over  the  edge  of  this  funnel-shaped  dish,  and  is 
conveyed  down  the  pipe  to  a  trough  beneath. 

Beneath  the  fermenting-house  are  large  arched  vaults,  r,  built  with  stone,  and  lined 
with  stucco.  Into  these  the  beer  is  let  down  in  casks  when  sufficiently  fermented,  and 
is  kept  in  store  till  wanted.  These  vaults  are  used  at  Mr.  Whitbread's  brewery,  instead 
of  the  great  store-vats  of  which  we  have  before  spoken,  and  are  in  some  respects  pre- 
ferable, because  they  preserve  a  great  equality  of  temperature,  being  beneath  the  surface 
of  the  earth. 

The  malt-rollers,  or  machines  for  bruising  the  grains  of  the  msM,figs.  101,  102,  have 
been  already  described.  The  malt  is  shot  down  from  a,  fig.  10.3,  the  malt-loft,  into  the 
hopper;  and  from  this  it  is  let  out  gradually  through  a  sluice  or  sliding  shuttle,  a,  fig.  103, 
and  falls  between  the  rollers. 

Fig.  105,  is  the  screw  by  which  the  ground  or  bruised  malt  is  raised  up,  or  conveyed 
from  one  part  of  the  brewery  to  another,  ic  is  an  inclined  box  or  trough,  in  the  centre 
of  which  the  axis  of  the  screw  h  is  placed ;  the  spiral  iron  plate  or  worm,  which  is 
fixed  projecting  from  the  axis,  and  which  forms  the  screw,  is  made  very  nearly  to 
fill  the  inside  of  the  box.  By  this  means,  when  the  screw  is  turned  round  by  the 
wheels  e  f,  or  by  any  other  means,  it  raises  up  the  malt  from  the  box  d,  and  delivers  it 
at  the  spout  g. 

This  screw  is  equally  applicable  for  conveying  the  malt  horizontally  in  the  trough  k, 
as  slantingly  ;  and  similar  machines  are  employed  in  various  parts  of  breweries  for  con- 
veying the  malt  wherever  the  situation  of  the  works  requires. 

Fig.  106,  is  the  mashing-machine.  a  a  is  the  tun,  made  of  wood  staves,  hooped  to- 
gether. In  the  centre  of  it  rises  a  perpendicular  shaft,  h,  which  is  turned,  slowly  round 
by  means  of  the  bevelled  wheels  /  m  at  the  top.  c  c  are  two  arms,  projecting  from 
that  axis,  and  supporting  the  short  vertical  axis  d  of  the  spur-wheel  x,  which  is 
turned  by  the  spur-wheel  w ;  so  that,  when  the  central  axis  b  is  made  to  revolve,  it 
will  carry  the  thick  short  axle  d  roimd  the  tun  in  a  circle.  That  axle  d  is  furnished 
with  a  number  of  arms,  e  e,  which  have  blades  placed  obliquely  to  the  plane  of  thcJr 
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motion.     When  the  axis  is  turned  round,  these  arms  agitate  the  malt  in  the  tun,  and  give 
it  a  constant  tendency  to  rise  upward  from  the  bottom. 
The  motion  of  the  axle  d  is  produced  by  a  wheel,  x,  on  the  upper  end  of  it,  which  is 


turned  by  a  wlieel,  u;  fastened  on  the  middle  of  the  tube  b,  which  turns  freely  round 
upon  iis  central  axis.  Upon  a  higher  point  of  the  same  tube  6  is  a  bevel  wheel,  o, 
receiving  motion  from  a  bevel  wheel,  q,  fixed  upon  the  end  of  the  horizontal  axis  n  m, 


which  gives  motion  to  the  whole  machine.  This  same  axis  has  a  pinion,  p,  upon 
it,  which  gives  motion  to  the  wheel  r,  fixed  near  the  middle  of  a  horizontal  axle, 
which,  at  its  left  hand  end,  has  a  bevel  pinion,  f,  working  the  wheel  u,  before  mentioned. 
By  these  means,  the  rotation  of  the  central  axis  b  will  be  very  slow  compared  with  the 
motion  of  the  axle  d ;  for  the  latter  will  make  seventeen  or  eighteen  revolutions  on  its 
own  axis  in  the  same  space  of  time  that  it  will  be  carried  once  round  the  tun  by  the 
motion  of  the  shaft  b.  At  the  beginning  of  the  operation  of  mashing,  the  machine  is 
made  to  turn  with  a  slow  motion ;  but,  after  having  wetted  all  the  malt  by  one  revo- 
lution, it   is  driven  quicker.     For  this   purpose,  the  ascending  shaft  /  g,  which  gives 
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motion  to  the  machine,  has  two  level  wheels,  h  i,  fixed  uijon  a  tube,  f  g,  which  is,  fitted 
upon  a  central  shaft.  These  wheels  actuate  the  wheels  m  and  o,  upon  the  end  of  the 
horizontal  shaft  n  n;  but  the  distance  between  the  two  wheels  h  and  i  is  such,  that  they 
cannot  be  engaged  both  at  once  with  the  wheels  m  and  o ;  but  the  tube  /  g,  to  which 
they  are  fixed,  is  capable  of  sliding  up  and  down  on  its  central  axis  sufficiently  to  bring 
eillier  wheel  h  or  i  into  gear  with  its  corresponding  wheel  o  or  m,  upon  the  horizontal 
shaft ;  and  as  the  diameters  of  n  o,  and  i  m,  are  of  very  different  proportions,  the  velocity 
of  the  motion  of  the  machine  can  be  varied  at  pleasure,  by  using  one  or  other,  k  and 
k  are  two  levers,  which  are  forked  at  their  extremities,  and  embrace  collars  at  the  ends 
of  the  tuhcfg.  These  levers  being  united  by  a  rod,  /,  the  handle  k  gives  the  means  of 
moving  the  tube/g,  and  its  wheels  h  i,  up  or  down,  to  throw  either  the  one  or  the  other 
wheel  into  gear. 

The  object  of  boiling  the  wort  is  not  merely  evaporation  and  concentration,  but  extrac- 
tion, coagulation,  and,  finally,  combination  with  the  hops  ;  purposes  which  are  better  ac- 
complished in  a  deep  confined  copper,  by  a  moderate  heat,  than  in  an  open  shallow  pan 
with  a  quick  fire.  The  copper,  being  incased  above  in  brickwork,  retains  its  digesting 
temperature  much  longer  than  the  pan  could  do.  The  waste  steam  of  the  close  kettle, 
moreover,  can  be  economically  employed  in  communicating  heat  to  water  or  weak  worts ; 
whereas  the  exhalations  from  an  open  pan  would  prove  a  nuisance,  and  would  need  to  be 
carried  ofl'  by  a  hood.  The  boQing  has  a  four-fold  eflTect :  1.  it  concentrates  the  wort;  2. 
during  the  earlier  stages  of  heating,  it  converts  the  starch  into  sugar,  dextrine,  and  gum, 
by  means  of  the  diastase;  3.  it  extracts  the  substance  of  the  hops  diff"used  through  the 
wort ;  4.  it  coagulates  the  albuminous  matter  present  in  the  grain,  or  precipitates  it  by 
means  of  the  tannin  of  the  hops. 

The  degree  of  evaporation  is  regulated  by  the  nature  of  the  wort,  and  the  quality  of 
the  beer.  Strong  ale  and  stout  for  keeping,  require  more  boiling  than  ordinary  porter 
or  table-beer  brewed  for  immediate  use.  The  proportion  of  the  water  carried  off"  by 
evaporation  is  usually  from  a  seventh  to  a  sixth  of  the  volume.  The  hops  are  introduced 
during  the  progress  of  the  ebullition.  They  serve  to  give  the  beer  not  only  a  bitter 
aromatic  taste,  but  also  a  keeping  quality,  or  they  counteract  its  natural  tendency  to 
become  sour ;  an  effect  partly  due  to  the  precipitation  of  the  albumen  and  starch,  by 
their  resinous  and  tanning  constituents,  and  partly  to  the  antifermentable  properties  of 
their  lupuline,  bitter  principle,  ethereous  oil,  and  resin.  In  these  respects,  there  is  none 
of  the  bitter  plants  which  can  be  substituted  for  hops  with  advantage.  For  strong  beer, 
powerful  fresh  hops  should  be  selected ;  for  weaker  beer,  an  older  and  weaker  article 
will  suffice. 

The  hops  are  either  boiled  with  the  whole  body  of  the  wort,  or  extracted  with  a 
portion  of  it ;  and  this  concentrated  extract  added  to  the  rest.  The  stronger  the  hops 
aie,  the  longer  time  they  require  for  extraction  of  their  virtues;  for  strong  hops,  an  hour 
and  a  half  or  two  hours  boiling  may  be  proper ;  for  a  weaker  sort,  half  an  hour  or  an 
hour  may  be  sufficient ;  but  it  is  never  advisable  to  push  this  process  too  far,  lest  a  dis- 
agreeable bitterness,  without  aroma,  be  imparted  to  the  beer.  In  our  breweries,  it  is  the 
practice  to  boil  the  hops  with  a  part  of  the  Jvort,  and  to  filter  the  decoction  through  a 
drainer,  called  the  jacfc  hop-back.  The  proportion  of  hops  to  malt  is  very  various;  but,  in 
general,  from  a  pound  and  a  quarter  to  a  pound  and  a  half  of  the  former  are  taken  for 
100  lbs.  of  the  latter  in  making  good  table-beer.  For  porter  and  strong  ale,  2  pounds  of 
hops  are  used,  or  even  more;  for  instance,  one  pound  of  hops  to  a  bushel  of  malt,  if  the 
beer  be  destined  for  the  consumption  of  India. 

Durmg  the  boiling  of  the  two  ingredients,  much  coagulated  albuminous  matter,  in 
various  states  of  combination,  makes  its  appearance  in  the  liquid,  constituting  what  is 
called  the  breaking  or  curdling  of  the  wort,  when  numerous  minute  flocks  are  seen  floating 
in  it.  The  resinous,  bitter,  and  oily-ethereous  principles  of  the  hops  combine  with  the 
sugar  and  gum,  or  dextrine  of  the  wort ;  but  for  this  eflfect  they  require  time  and  heat ; 
showing  that  the  boil  is  not  a  process  of  mere  evaporation,  but  one  of  chemical  reaction. 
A  yellowish-green  pellicle  of  hop-oil  and  resin  appears  upon  the  surface  of  the  boiling 
wort,  in  a  somewhat  frothy  form :  when  this  disappears,  the  boiling  is  presumed  to  be 
completed,  and  the  beer  is  strained  off  into  t^ie  cooler.  The  residuary  hops  may  be 
pressed  and  used  for  an  inferior  quality  of  beei ;  or  they  may  be  boiled  with  fresh  wort, 
and  be  added  to  the  next  brewing  charge. 

Figs.  107,108,  represent  the  copper  of^ a  London  brewery.  Fig.  107  is  a  vertical  section; 
fig.  108,  a  ground-plan  of  the  fire-grate  and  flue,  upon  a  smaller  scale  :  a  is  the  close  cop- 
per kettle,  having  its  bottom  convex  within ;  b  is  the  open  pan  placed  upon  its  top.  From 
the  upper  part  of  the  copper,  a  wide  tube,  c,  ascends,  to  carry  oflT  the  steam  generated 
during  the  ebullition  of  the  wort,  which  is  conducted  through  four  downwards-slanting 
tubes,  d  d  (two  only  are  visible  in  this  section),  into  the  liquor  of  the  pan  b,  in  order  to 
warm  its  contents.  A  vertical  iron  shafl  or  spindle,  e,  passes  down  through  the  tube  c, 
nearly  to  the  bottom  of  the  copper,  and  is  there  mounted  with  an  iron  arm,  called  a 
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rouser,  which  carries  round  a  chain  hung  in  loops,  to  prevent  the  hops  from  adhering  to 
the  bottom  of  the  boiler.  Three  bent  stays,/,  are  stretched  across  the  interior,  to  support 
the  shaft  by  a  collet  at  their  middle  junction.     The  shaft  carries  at  its  upper  end  a  bevel 


wheel,  g,  working  into  a  bevel  pinion  upon  the  axis  h,  which  may  be  turned  either  by 
power  or  by  hand.  The  rouser  shaft  may  be  lifted  by  means  of  the  chain  i,  which,  going 
over  two  pulleys,  has  its  end  passed  round  the  wheel  and  axle  k,  and  is  turned  by  a 
winch  :  /  is  a  tube  for  conveying  the  waste  steam  into  the  chimney  m. 

The  heat  is  applied  as  follows  : — For  heating  the  colossal  coppers  of  the  London 
breweries,  two  separate  fires  are  required,  which  aie  separated  by  a  narrow  wall  of 
brickwork,  n,figs.  107,  108.  The  dotted  circle  a' a' indicates  the  largest  circumference  of 
the  copper,  and  b'  b'  its  bottom ;  o  o  are  the  grates  upon  which  the  coals  are  thrown, 
not  thron2;h  folding  doors  (as  of  old),  but  through  a  short  slanting  iron  hopper,  shown  at 
p,fig.  107,  built  in  the  wall,  and  kept  constantly  filled  with  the  fuel,  in  order  to  exclude 
the  air.  Thus  the  lower  stratum  of  coals  gets  ignited  before  it  reaches  the  grate.  Above 
the  hopper  p,  a  narrow  channel  is  provided  for  the  admission  of  atmospherical  air,  in 
such  quantity  merely  as  may  be  requisite  to  complete  the  combustion  of  the  smoke  of 
the  coals.  Behind  each  grate  there  is  a  fire-bridge,  r,  which  reflects  the  flame  upwards, 
and  causes  it  to  play  upon  the  bottom  of  the  copper.  The  burnt  air  then  passes  round 
the  copper  in  a  semicircular  flue,  s  s,  from  which  it  flows  oflf  into  the  chimney  m,  on 
whose  under  end  a  slidin?  damper-plate,  /,  is  placed  for  tempering  the  draught  When 
cold  air  is  admitted  at  this  orifice,  the  combustion  of  the  fuel  is  immediately  checked. 
There  is,  besides,  another  slide-plate  at  the  entrance  of  the  slanting  flue  into  the  vertical 
chimney,  for  regulatiu?  the  play  of  the  flame  under  and  around  the  copper.  If  the  plate 
t  be  opened,  and  the  other  plate  shut,  the  power  of  the  fire  is  suspended,  as  it  ought  to 
be,  at  the  time  of  emptying  the  copper.  Immediately  over  the  grate  is  a  brick  arch,  u,  to 
protect  the  front  edge  of  the  copper  from  the  first  impulsion  of  the  flame.  The  chim- 
ney is  supported  upon  iron  pillars,  v,  v ;  w  is  a.  cavity  closed  with  a  slide-plate,  through 
which  the  ashes  may  be  taken  out  from  behind,  by  means  of  a  long  iron  hook. 

Fig.  109  represents  one  of  the  sluice-cocks,  which  are  used  to  make  the  commu- 
nications of  the  pipes  with  the  pumps,  or  other  parts  of  the  brewery,  n  b  represents 
the  pipe  in  which  the  cock  is  placed.  The  two  parts  of  this  pipe  are  screwed  to  the 
side  of  a  box,  c  c,  in  which  a  slider.  A,  rises  and  falls,  and  intercepts,  at  pleasure,  the 
passage  of  the  pipe.     The  slider  is  moved  by  the  rod  a.     This  passes  through  a  stuffing- 
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box,  in  the  top  of  the  box  which  contains  the  slider,  and  has  the  rack  b  fastened  to  it. 
The  rack  is  moved  by  a  pinion  fixed  upon  the  axis  of  a  handle  c,  and  the  rack  and  pinion 
are  contained  in  a  frame  d,  which  is  supported  by  two  pillars.  The  frame  contains  a 
small  roller  behind  the  rack,  which  bears  it  up  towards  the  pinion,  and  keeps  its  teeth 
up  to  the  teeth  of  the  pinion.  The  slider  a  is  made  to  fit  accurately  against  the  internal 
surface  of  the  box  c,  and  to  bear  against  this  surface  by  the  pressure  of  a  spring,  so  as  to 
make  a  perfectly  close  fitting. 

Fig.   110  is  a  small  cock  to  be  placed  in  the  side  of  the  great  store  vats,  for  the 
purpose  of  drawing  olf  a  small  quantity  of  beer,  to  taste  and  try  its  quality,     a  is  a 


part  of  the  stave  or  thickness  of  the  great  store  vat;  into  this  the  tube  b  of  the  cock  is 
fitted,  and  is  held  tight  in  its  place  by  a  nut,  a  a,  screwed  on  withinside.  At  the  other 
end  of  the  tube  b,  a  plug,  c,  is  fitted,  by  grinding  it  into  a  cone,  and  it  is  kept  in  by  a 
screw.  This  plug  has  a  hole  up  the  centre  of  it,  and  from  this  a  hole  proceeds  side- 
wise,  and  corresponds  with  a  hole  made  through  the  side  of  the  tube  when  the  cock  is 
open  ;  but  when  the  plug  c  is  turned  round,  the  hole  will  not  coincide,  and  then  the 
cock  will  be  shut,  d  is  the  handle  or  key  of  the  cock,  by  which  its  plug  is  turned  to 
open  or  shut  it :  this  handle  is  put  up  the  bore  of  the  tube  (the  cover  e  being  first 
unscrewed  and  removed),  and  the  end  of  it  is  adapted  to  fit  the  end  of  the  plug  of  the 
cock.  The  handle  has  a  tube  or  passage  bored  up  it,  to  convey  the  beer  away  from  the 
cock  when  it  is  opened,  and  from  this  the  passage  /,  through  the  handle,  leads,  to  draw 
the  beer  into  a  glass  or  tumbler.  The  hole  in  the  side  of  the  plug  is  so  arranged,  that, 
when  the  handle  is  turned  into  a  perpendicular  direction,  with  the  passage/ downwards, 
I  the  cock  will  be  open.  The  intention  of  this  contrivance  is,  that  there  shall  be  no 
considerable  projection  beyond  the  surface  of  the  tun ;  because  it  sometimes  happens 
that  a  great  hoop  of  the  tun  breaks,  and,  falling  down,  its  great  weight  would  strike  out 
any  cock  which  had  a  projection ;  and,  if  this  happened  in  the  night,  much  beer  might 
be  lost  before  it  was  discovered.  The  cock  above  described,  being  almost  wholly  within- 
side, and  having  scarcely  any  projection  beyond  the  outside  surface  of  the  tun,  is  secure 
from  this  accident. 

Fig.  Ill  is  a  small  contrivance  of  a  vent  peg,  to  be  screwed  into  the  head  of  a  common 
cask  when  the  beer  is  to  be  drawn  off  from  it,  and  it  is  necessary  to  admit  some  air  to 
allow  the  beer  to  flow,  a  a  represents  a  portion  of  the  head 
of  the  cask  into  which  the  tube  b  is  screwed.  The  top  of 
this  tube  is  surrounded  by  a  small  cup,  from  which  project 
the  two  small  handles  c  c,  by  which  the  peg  is  turned  round  to 
screw  it  into  the  cask.  The  cup  round  the  other  part  of  the 
tube  is  filled  with  water;  into  this  a  small  cup,  r,  is  inverted; 
in  consequence,  the  air  can  gain  admission  into  the  cask  when 
the  pressure  within  is  so  far  diminished,  that  the  air  will  bubble 
up  through  the  water,  and  enter  beneath  the  small  cup  p. 

The  most  efficient  substance  for  fining  beer  hitherto  discovered  is  isinglass,  which  is 
prepared  by  solution  in  vinegar  or  old  stale  beer,  and  this  solution  is  afterwards  reduced 
with  thin  mild  beer  generally  brewed  for  the  purpose,  in  all  large  establishments,  from  a 
raw  or  return  wort.  It  must  next  be  passed  through  a  fine  hair  sieve,  by  means  of  rub- 
bing it  down  with  a  hard  hair-brush,  and  brought  to  the  proper  consistency  by  thin  mild 
beer.  If  properly  made,  it  will  be  clear,  transparent,  and  free  from  feculencies.  Finings 
serve  excellently  to  remove  any  extraneous  matter  that  may  be  found  floating  in  the  beer, 
and  thus  changes  it  from  bright  to  brilliant.  The  common  quantity  used  is  from  a  pint 
to  a  quart  per  barrel,  according  to  the  nature  of  the  beer. 

To  ascertain  whether  the  beer  is  in  a  fit  state  for  fining,  put  it  into  a  long  glass 
cylindric  vessel,  and  add  to  it  a  teaspoonful,  or  thereb}',  of  the  fining ;  then  give  the 
mixture  a  good  shake,  by  turning  the  vessel  up  and  down,  after  closing  its  mouth  with 
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the  palm  of  the  hand.  If  the  heer  has  been  well  brewed,  its  aptitude  to  become  bright 
will  be  soon  shown  by  the  mixture  getting  thick  and  curdy ;  a  bright  portion  will  gener- 
ally show  itself  at  the  bottom  or  middle ;  after  which  the  finings  will  gradually  mount  to 
the  top,  taking  up  all  the  impurities  along  with  them,  till  the  whole  becomes  brilliant. 
Some  have  said  that  the  finings  should  carry  the  impurities  down  to  the  bottom ;  but 
this,  according  to  Mr.  Black,*  takes  place  only  with  stubborn  beer,  which  would  not  be- 
come thoroughly  bright  with  any  quantity  of  finings  which  could  be  introduced.  Finings 
have  usually  a  specific  gravity  of  from  I-OIO  to  1'016,  and,  when  added  to  beer  in  a  fit 
condition  for  fining,  invariably  go  to  the  top,  and  not  to  the  bottom.  In  fining  beer  in 
a  barrel  laid  on  its  side,  if  the  finings  do  not  make  their  appearance  at  the  bung-hole, 
the  beer  will  not  become  bright.  The  isinglass  must  not  be  dissolved  with  heat,  nor  in 
hot  water. 

Beer  brewed  from  imperfectly  malted  grain,  or  from  a  mixture  of  malt  and  raw  corn, 
gives  a  fermentation  quite  different  in  flavor  from  that  of  beer  from  sound  malt.  The 
nose  is,  in  fact,  the  best  guide  to  the  experienced  brewer  for  ascertaining  whether  his 
process  is  going  on  well  or  Ul. 

Ropiness  is  a  morbid  state  of  beer,  which  is  best  remedied,  according  to  Mr.  Black,  by 
putting  the  beer  into  a  vat  with  a  false  bottom,  and  adding,  per  barrel,  4  or  5  pounds  of 
hops,  taken  gradually  away  after  the  first  boilings  of  the  worts ;  and  to  them  may  be 
added  about  half  a  pound  per  barrel  of  mustard-seed.  Rouse  the  beer  as  the  hops  are 
gradually  introduced,  and,  in  some  months,  the  ropiness  will  be  perfectly  cured.  The 
beer  should  be  drawn  off  from  below  the  false  bottom. 

For  theoretical  views,  see  Fermentation  ;  and  for  wort-cooling  apparatus,  see  Refri- 
gerator. 

BEET-ROOT  SUGAR.    See  Sugar, 

BELL-ME'TAL,  an  alloy  of  copper  and  tin.    See  Copper. 

BELLOWS.     See  Metallurgy. 

BEN  OIL.     See  Oil  of  Ben. 

BENGAL  STRIPES.  Ginghams;  a  kind  of  cotton  cloth  woven  with  colored 
stripes. 

BENJAMIN  or  BENZOIN.  (Benjoin,  Fr. ;  Benzoe,  Germ.)  A  species  of  resin  used 
chieHy  in  perfumery.  It  is  extracted  by  incision  from  the  trunk  and  branches  of  the  sty- 
rax  benzoin,  which  grows  in  Java,  Sumatra,  Santa  Fe,  and  in  the  kingdom  of  Siam.  The 
plant  belongs  to  the  decandria  monogynia  of  Linnaeus,  and  the  natural  family  of  the  ebe- 
nacese.  It  hardens  readily  in  the  air,  and  comes  to  us  in  brittle  masses,  whose  fracture 
presents  a  mixture  of  red,  brown,  and  white  grains  of  various  sizes,  which,  when  white, 
and  of  a  certain  shape,  have  been  called  amygdaloid,  from  their  resemblance  to  almonds. 
The  sorfed  benzoin  is,  on  the  other  hand,  very  impure. 

The  fracture  of  benzoin  is  conchoidal,  and  its  lustre  greasy  :  its  specific  gravity  varies 
from  1-063  to  1'092.  It  has  an  agreeable  smell,  somewhat  like  vanilla,  which  is  most 
manifest  when  it  is  ground.  It  enters  into  fusion  at  a  gentle  heat,  and  then  exhales  a 
white  smoke,  which  may  be  condensed  into  the  acicular  crystals  of  benzoic  acid,  of  which 
it  contains  18  parts  in  the  hundred.  Stoltze  recommends  the  following  process  for  ex- 
tracting the  acid.  The  resin  is  to  be  dissolved  in  3  parts  of  alcohol,  the  solution  is  to  be 
introduced  into  a  retort,  and  a  solution  of  carbonate  of  soda  dissolved  in  dilute  alcohol  is  to 
be  gradually  added  to  it,  till  the  free  acid  be  neutralized;  and  then  a  bulk  of  water  equal 
to  double  the  weight  of  the  benzoin  is  to  be  poured  in.  The  alcohol  being  drawn  off  by 
distillation,  the  remaining  liquor  contains  the  acid,  and  the  resin  floating  upon  it  may  be 
skimmed  off  and  washed,  when  its  weight  will  be  found  to  amount  to  about  80  per  cent. 
of  the  raw  material.  The  benzoin  contains  traces  of  a  volatile  oil,  and  a  substance  solu- 
ble in  water,  at  least  through  the  agency  of  carbonate  of  potash.  Ether  does  not  dissolve 
benzoin  completely.     The  fat  and  volatile  oils  dissolve  very  little  of  it. 

Unverdorben  has  found  in  benzoin,  besides  benzoic  acid,  and  a  little  volatile  oil,  no  less 
than  three  diflerent  kinds  of  resin,  none  of  which  has,  however,  been  turned  as  yet  to 
any  use  m  the  arts. 

Benzoin  is  of  great  use  in  perfumery,  as  it  enters  into  a  number  of  preparations ;  among 
which  maybe  mentioned  fumigating  pastilles,  fumigating  cloves  (caDed  also  nails),  powdre 
d  la  marechak,  &c.  The  alcoholic  tincture,  mixed  with  water,  forms  virginal  milk. 
Benzoin  enters  also  into  the  composition  of  certain  varnishes  employed  for  snuff-boxes 
and  walking-sticks,  in  order  to  give  these  objects  an  agreeable  smell  when  they  become 
heated  in  the  hand.  It  is  likewise  added  to  the  spirituous  solution  of  isinglass  with 
which  the  best  court  plaster  is  made. 

BERLIN  BLUE.     Prussian  blue.     See  Blue. 

BERRIES  OF  AVIGNON,  and  Persian  Berries.  {Graines  d'Jvignon,  Fr.  ; 
Gelbbeeren,  Germ.)     A  yellowish  dye-drug,  the  fruit  of  the  rhamnus  infectorius,  a  plant 

*  Treatise  on  Brewing,  8vo,  p.  68. 
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cultivated  in  Provence,  LangnedoC;  and  Dauphine,  for  the  sake  of  its  berries,  which  are 
plucked  before  they  are  ripe,  while  they  have  a  greenish  hue.  Another  variety  comes 
from  Persia,  whence  its  trivial  name  :  it  is  larger  than  the  French  kind,  and  has  superior 
properties.  The  principal  substances  contained  in  these  berries  are,  1.  A  coloring  mat- 
ter, which  is  united  with  a  matter  insoluble  in  ether,  little  soluble  in  concentrated  alcohol, 
and  very  soluble  in  water :  it  appears  to  be  volatile.  2.  A  matter  remarkable  for  its 
bitterness,  which  is  soluble  in  water  and  alcohol.  3.  A  third  principle,  in  small  quantity. 
A  decoction  of  one  part  of  the  Avignon  or  Persian  ben-y  in  ten  of  water  affords  a  brown - 
yellow  liquor  bordering  upon  green,  having  the  smell  of  a  vegetable  extract,  and  a  slightly 
bitter  taste. 

With  gelatine  that  decoction  gives,  after  some  time,  a  slight  precipitate, — 

—  alkalis  -----        a  yellow  hue, 

—  acids       -        -         -        -         -         -     a  slight  muddiness, 

—  lime-water  -        -        -        -        a  greenish-yellow  tint, 

—  alum        -....-    a  yellow  color, 

—  red  sulphate  of  iron       -        -        -        an  olive-green  color, 

—  sulphate  of  copper  -        -        -     an  olive  color, 

—  proto-muriate  of  tin  -        -        a  greenish  yellow  with  a  slight 

precipitate.         (See     Calico        ' 
Printing.) 

BERYL.  A  beautiful  mineral  ir  gem,  of  moderate  price,  usually  of  a  green  color  of 
various  shades,  passing  into  honey-yellow  and  sky  blue. 

BEZOAR.  The  name  of  certain  concretions  found  in  the  stomachs  of  animals,  to 
which  many  fanciful  virtues  were  formerly  ascribed.  They  are  interesting  only  to  the 
chemical  pathologist. 

BILE.  (Bi!e,FT.;  gaZ/g,  Germ.)  The  secreted  liquor  of  the  liver  in  animals.  For  an 
account  of  the  uses  of  animal  bile  in  the  arts,  see  Gall. 

BIRDLIME.  {Glu,  Fr. ;  VogeUeim,  Germ.)  The  best  birdlune  may  be  made  from  the 
middle  bark  of  the  holly,  boiled  seven  or  eight  hours  in  water,  till  it  is  soft  and  tender, 
then  laid  by  heaps  in  pits  under  ground,  covered  with  stones  after  the  water  is  drained 
from  it.  There  it  must  be  left  during  two  or  three  weeks,  to  ferment  in  the  summer  sea- 
son, and  watered  if  necessary,  till  it  passes  into  a  mucilaginous  state.  It  is  then  to  be 
pounded  in  a  mortar  to  a  paste,  washed  in  running  water,  and  kneaded  till  it  be  free  from 
extraneous  matters.  It  is  next  left  for  four  or  five  days  in  earthen  vessels  to  ferment  and 
purify  itself,  when  it  is  fit  for  use.  Birdlime  may  be  made  by  the  same  process  from  the 
mistletoe  {viburnum  lantana),  young  shoots  of  elder,  and  the  barks  of  other  vegetables, 
as  well  as  from  most  parasite  plants. 

Good  birdlime  is  of  a  greenish  color,  and  sour  flavor,  somewhat  resembling  that  of  lin- 
seed oil;  gluey,  stringy,  and  tenacious.  By  drying  in  the  air  it  becomes  brittle,  and  may 
be  powdered  ;  but  its  viscosity  maybe  restored  by  moistening  it.  It  has  an  acid  reaction 
with  liimus  paper.  It  contains  resin,  mucilage,  a  little  free  acid,  coloring  and  extractive 
matter.     The  resin  has  been  called  Viscine. 

BISMUTH.  (Bismuth,  Fr. ;  Wismufh,  Germ.)  Called  also  marcasite  and  tin-glass. 
It  was  shown  to  be  a  metal  somewhat  difl^erent  from  lead,  by  G.  Agricola,  in  1546  ;  Stahl 
and  Dufay  proved  its  peculiarity ;  but  it  was  more  minutely  distinguished  by  Pott  and 
Geoifroy,  about  the  middle  of  the  last  century.  It  is  a  rare  substance,  occurring  native, 
as  an  oxyde,  under  the  name  of  bismuth  ochre ;  as  a  sulphuret,  called  bismuth  glance  ;  as 
a  sulphuret  with  copper,  called  copper  bismuth  ore ;  as  also  with  copper  and  lead,  called 
needle  ore.  It  is  found  associated  likewise  with  selenium  and  tellurium.  The  native 
metal  occurs  in  various  forms  and  colors,  as  white,  reddish,  and  variegated ;  in  primitive 
and  floetz  formations,  along  with  the  ores  of  cobalt,  nickel,  copper,  silver,  and  bismuth 
ochre ;  at  the  Saxon  Erzegebirge,  near  Shneeberg,  and  Joh.  Georgensladt ;  also  in  Bohe- 
mia, Baden,  Wurtemberg,  Hessia,  Sweden,  Norway,  England,  and  France. 

The  production  of  this  metai  is  but  a  limited  object  of  the  smelting-works  of  the  Saxon 
Erzegebirge  at  Schneeberg.  It  there  occurs,  mixed  with  cobalt  speiss,  in  the  proportion 
of  about  7  per  cent,  upon  the  average,  and  is  procured  by  means  of  a  peculiar  furnace  of 
liquation,  which  is  the  most  economical  method,  both  as  to  saving  fuel,  and  oxydizement 
of  the  bismuth. 

The  bismuth  eliquation  furnace  at  Schneeberg  is  represented  in  ^gs.  112, 113,  and  114, 
of  which  the  first  is  a  view  from  above,  the  second  a  view  in  front,  and  the  third  a  trans- 
verse section  in  the  dotted  line  a  b  oCjig.  112.  a  is  the  ash-pit ;  b,  the  fireplace ;  c,  the  eli- 
quation pi  pes ;  d,  the  grate  of  masonry  or  brickwork,  upon  which  the  fuel  is  thrown  through 
the  fire-door  e  e.  The  anterior  deeper  lying  orifice  of  the  eliquation  pipes  is  closed  with 
the  clay-plate/;  which  has  beneath  a  small  circular  groove,  through  which  the  liquefied 
metal  flows  off.  g  is  a  wall  extending  from  the  hearth-sole  nearly  to  the  anterior 
orifice  of  the  eliquation  pipes,  in  which  wall  there  are  as  many  fire-holes,  h,  as  there  are 
pipes  in  the  furnace  :  i  are  iron  pans,  which  receive  the  fluid  metal;  li,  a  wooden  water- 
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trough,  in  which  the  bismuth  is  granulated  and  cooled ;  I,  the  posterior  and  higher  lying 

apertures  of  the  eliquation  pipes,  shut  merely  with  a  sheet-iron  cover.     The  granulations 

of  bismuth  drained  from  the  posterior  openings  fall  upon  the  flat  surfaces  m,  and  then 
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into  the  waler-troush.  n  n  are  draught-hi/les  in  the  vault  between  the  two  pipes,  which 
serve  for  increasing  or  diminishing  the  heat  at  pleasure. 

The  ores  to  be  eliquated  (sweated)  are  sorted  by  han  1  from  the  gangue,  broken  into 
pieces  about  the  size  of  a  hazel  nut,  and  introduced  into  the  ignited  pipes  ;  one  charge 
consisting  of  about  5  cwt.  ;  so  that  the  pipes  are  filled  to  half  tlieir  diameter,  and  three 
fourths  of  their  lensth.  The  sheet-iron  door  is  shut,  and  the  fire  strongly  urged,  whereby 
the  bismuth  begins  to  flow  in  ten  minutes,  and  falls  through  the  holes  in  the  clay-plates 
into  hot  pans  containing  some  coal-dust.  Whenever  it  runs  slowly,  the  ore  is  stirred 
round  in  the  pipes,  at  intervals  during  half  an  hour,  in  which  time  the  liquation  is  usually 
finished.  The  residuum,  called  bismuth  barley  (graupen),  is  scooped  out  with  iron  rakes 
into  a  water  trough  ;  the  pipes  are  charged  afresh  ;  the  pans,  when  full,  have  their  con- 
tents cast  into  moulds,  forming  bars  of  from  25  to  50  pounds  weight.  About  20  CAvt.  of 
ore  are  smelted  in  8  hours,  with  a  consumption  of  63  Leipzic  cubic  feet  of  wood.  The 
total  production  of  Shneeberg,  in  1830,  was  9800  lbs.  The  bismuth  thus  procured  by 
liquation  upon  the  great  scale,  contains  no  small  admixture  of  arsenic,  iron,  and  some 
other  metals,  from  which  it  may  be  freed  by  solution  in  nitric  acid,  precipitation  by  water, 
and  reduction  of  the  subnitrated  oxyde  by  black  flux.  By  exposing  the  crude  bismuth 
for  some  time  to  a  dull  red  heat,  under  charcoal,  arsenic  is  expelled. 

Bismuth  is  white,  and  resembles  antimony,  but  has  a  reddish  tint;  whereas  the  latter 
metal  has  a  blueish  cast.  It  is  brilliant,  crystallizes  readily  in  small  cubical  facets,  is 
very  brittle,  and  may  be  easily  reduced  to  powder.  Its  specific  gravity  is  9'83  ;  and  by 
hammering  it  with  care,  the  density  may  be  increased  to  9'8827.  It  melts  at  480^  Fahr., 
and  may  be  cooled  6  or  7  degrees  below  this  point  witliout  fixing ;  but  the  moment  it  be- 
gins to  solidify,  the  temperature  rises  to  480°,  and  continues  stationary  till  the  whole 
mass  is  congealed.  When  heated  from  32°  to  212°,  it  expands  -i_  in  length.  When 
pure  it  adbrds  a  verj'  valuable  means  of  adjusting  the  scale  of  high-ranged  thermometers. 
At  strong  heats  bismuth  volatilizes, maybe  distilled  in  close  vessels, and  is  thus  obtained 
in  crystalline  laminsE. 

The  alloy  of  bismuth  and  lead  in  equal  parts  has  a  density  of  10*709,  being  greater 
than  the  mean  of  the  constituents;  it  has  a  foliated  texture,  is  brittle,  and  of  the  same 
color  as  bismuth.  Bismuth,  with  tin,  forms  a  compound  more  elastic  and  sonorous  than 
the  tin  itself,  and  is  therefore  frequently  added  to  it  by  the  pewterers.  With  1  of  bis- 
muth and  24  of  tin,  the  alloy  is  somewhat  malleable ;  with  more  bismuth,  it  is  brittle. 
When  much  bismuth  is  present,  it  may  be  easily  parted  by  strong  muriatic  acid,  which 
dissolves  the  tin,  and  leaves  the  bismuth  in  a  black  powder.  It  has  been  said,  that  an 
alloy  of  tin,  bismuth,  nickel,  and  silver  hinders  iron  from  rusting.  (Erdmann's  Journal.) 
The  alloy  of  bismuth  with  tin  and  lead  was  first  examined  by  Sir  I.  Newton,  and  has 
been  called  ever  since  fusible  metal.  Eight  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  melt 
at  ihe  moderate  temperature  of  202°  F. ;  but  2  of  bismuth,  1  of  lead,  and  1  of  tin,  melt 
at  200*75°  F.  according  to  Rose.  A  small  addition  of  mercury  of  course  aids  the  fusi- 
bility. Such  alloys  serve  to  take  casts  of  anatomical  preparations.  An  alloy  of  1  bis- 
muth, 2  tin,  and  1  lead,  is  employed  as  a  soft  solder  by  the  pewterers ;  and  the  same 
has  been  proposed  as  a  bath  for  tempering  steel  instruments.  Cake-moulds,  for  the 
manufacturers  of  toilet  soaps,  are  made  of  the  same  metal ;  as  also  excellent  cliches  for 
stereotype,  of  3  lead,  2  tin,  and  5  bismuth  ;  an  alloy  which  melts  at  199°  F.  This  com- 
pound should  be  allowed  to  cool  upon  a  piece  of  pasteboard,  till  it  becomes  of  a  doughy 
consistence,  before  it  is  applied  to  the  mould,  to  receive  the  impress  of  the  stamp. 
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The  employment  of  plates  of  fusible  metal  as  safety  rondeUes,  to  apertures  in  the  tops 
of  steam  boilers,  has  been  proposed  in  France,  because  they  would  melt  and  give  way  at 
elevations  of  temperature  under  those  which  would  endanger  the  bursting  of  the  vessel ; 
the  fusibility  of  the  alloy  being  proportioned  to  the  quality  of  steam  required  for  the  en- 
gine. It  has  been  found,  however,  that  boilers,  apparently  secured  in  this  way,  burst, 
while  the  safety  discs  remained  entire ;  the  expansive  force  of  the  steam  causing  explo- 
sion so  suddenly,  that  the  fusible  alloy  had  not  time  to  melt  or  give  way. 

There  are  two,  perhaps  three,  oxydes  of  bismuth;  the  first  and  the  third,  or  the  sub- 
oxyde  and  super-oxyde,  are  merely  objects  of  chemical  curiosity.  The  oxyde  proper  occurs 
native,  and  may  be  readily  formed  by  exposing  the  metal  to  a  red-white  heat  in  a  muffle, 
when  it  takes  fire,  burns  with  a  faint  blue  flame,  and  sends  off  fumes  which  condense  into 
a  yellow  pulverulent  oxyde.  But  an  easier  process  than  that  now  mentioned  is  to 
dissolve  the  bismuth  in  nitric  acid,  precipitate  with  water,  and  expose  the  precipitate  to 
a  red  heat.  The  oxyde  thus  obtained  has  a  straw  yellow  color,  and  fuses  at  a  high 
heat  into  an  opaque  glass  of  a  dark-brown  or  black  color ;  but  which  becomes  less 
opaque  and  yellow  after  it  has  cooled.  Its  specific  gravity  is  so  high  as  8-2n.  It  con- 
sists of  89-87  of  metal  and  10*  13  oxygen  in  100  parts.  The  above  precipitate,  which 
is  a  sub-nitrate  of  bismuth,  is  called  pearl-tuhite,  and  is  employed  as  a  flux  for  certain 
enamels;  as  it  augments  their  fusibility  without  imparting  any  color  to  them.  Hence, 
it  is  used  sometimes  as  a  vehicle  of  the  colors  of  other  metallic  oxydes.  When  well 
washed,  it  is  employed  in  gilding  porcelain ;  being  added  in  the  proportion  of  one 
fifteenth  to  the  gold.  But  pearl-white  is  most  used  by  ladies  as  a  cosmetic  for  giving  a 
brilliant  tint  to  a  faded  complexion.  It  is  called  blanc  defard,  by  the  French.  If  it  con- 
tains, as  bismuth  often  does,  a  little  silver,  it  becomes  gray  or  dingy  colored  on  exposure 
to  light.  When  the  oxyde  is  prepared,  by  dropping  the  nitric  solution  into  an  alkaline 
ley  in  excess,  if  this  precipitate  is  well  washed  and  dried,  it  forms  an  excellent  medicine  ; 
and  is  given,  mixed  with  gum  tragacanth,  for  the  relief  of  cardialgia,  or  burning  and 
spasmodic  pains  of  the  stomach. 

Another  sort  of  pearl-powder  is  prepared  by  adding  a  very  dilute  solution  of  common 
salt  to  the  above  nitric  solution  of  bismuth,  whereby  a  pulverulent  sub-chloride  of  the 
metal  is  obtained  in  a  light  flocculent  form.  A  similar  powder  of  a  mother-of-pearl 
aspect  may  be  formed  by  dropping  dilute  muriatic  acid  into  the  solution  of  nitrate  of 
bismuth.  The  arsenic  always  present  in  the  bismuth  of  commerce  is  converted  by  nitric 
acid  into  arsenic  acid,  which,  forming  an  insoluble  arseniate  of  bismuth,  separates  from 
the  solution,  unless  there  be  such  an  excess  of  nitric  acid  as  to  re-dissolve  it.  Hence  the 
medicinal  oxyde,  prepared  from  a  rightly-made  nitrate,  can  contain  no  arsenic.  If  we 
write  with  a  pen  dipped  in  that  solution,  the  dry  invisible  traces  will  become  legible  on 
plunging  the  paper  in  water. 

It  has  been  proposed  to  substitute  bismuth  for  lead  in  assaying  silver,  as  a  smaller 
quantity  of  it  answers  the  purpose,  and,  as  its  oxyde  is  more  fluent,  can  therefore 
penetrate  the  cupel  more  readily,  and  give  a  more  rapid  result.  But,  independently 
of  the  objection  from  its  high  price,  bismuth  has  the  disadvantage  of  boiling  up,  as 
well  as  of  rocking  or  vegetaline,  with  the  silver,  when  the  cupellation  requires  a  high 
heat.  In  extracting  the  silver  from  the  galena  found  in  the  copper-mine  of  Yahlun, 
it  has  happened  sometimes  that  the  silver  concreted  towards  the  end  of  the  operation, 
and  produced  a  cauliflower  excrescence,  which  had  to  be  cupelled  again  with  a  fresh 
dose  of  lead.  It  was  observed  that,  in  this  case,  a  portion  of  the  silver  had  passed  into 
the  cupel.  Berzelius  detected  in  a  sample  of  silver  thus  concreted  the  presence  of 
bismuth. 

The  nitrate  of  bismuth,  mixed  with  solution  of  tin  and  tartar,  has  been  employed  as  a 
mordant  for  dyeing  lilach  and  violet  in  calico  printing. 

BISTRE.  {Bistre,  Fr. ;  bister,  Germ.)  A  brown  color  which  is  used  in  water  colors, 
in  the  same  way  as  China  ink.  It  is  prepared  from  wood-soot,  that  of  beech  being  pre- 
ferred. The  most  compact  and  best  burned  parcels  of  soot  are  collected  from  the  chim- 
ney, pulverized,  and  passed  through  a  silk  sieve.  This  powder  is  infused  in  pure  water, 
and  stirred  frequently  with  a  glass  ruler,  then  allowed  to  settle,  when  the  water  is  decant- 
ed. If  the  salts  are  not  all  washed  away,  the  process  may  be  repeated  with  warm  water. 
The  paste  is  now  to  be  poured  into  a  long  narrow  vessel  filled  with  water,  stirred  well, 
and  left  to  settle  for  a  few  minutes,  in  order  to  lei  the  grosser  parts  subside.  The  super- 
natant part  is  then  to  be  poured  off  into  a  similar  vessel.  This  process  may  be  repeated 
twice  or  thrice,  to  obtain  a  very  good  bistre.  At  last  the  settled  deposile  is  sufliciently 
fine,  and  when  freed  from  its  supernatant  water,  it  is  mixed  with  gum-water,  moulded 
into  proper  cakes,  and  dried.  It  is  not  used  in  oil  painting,  but  has  the  same  effect  in 
water-colors  as  brown  pink  has  in  oil. 

BITUMEN,  or  ASPHALTUM.  {Bitume,  Fr. ;  Erdpech,  Germ.)  A  black  sub- 
stance  found  in  the  earth,  externally  not  dissimilar  to  pit-coal.  It  is  composed  of 
carbon,   hydrogen,    and   oxygen,  like   organic   bodies;    but  its  origin  is  unknown.     It 
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has  not  been  observed  among  the  primitive  or  older  strata,  but  only  in  the  secondary 
and  alluvial  formations.  It  constitutes  sometimes  considerable  beds,  as  in  the  isle  of 
Trinidad,  where  it  occurs  over  an  extensive  district,  in  scattered  masses.  The  greater 
part  of  the  asphaltum  to  be  met  with  in  commerce  comes  from  the  Dead  Sea,  on  whose 
shores  it  is  cast  up  and  gathered ;  whence  it  has  got  the  name  of  Jewish  bitumen.  In 
its  black  color  and  fracture  it  resembles  ordinarj'  pitch.  By  friction  it  affords  negative 
electricity.  Its  average  density  is  M6.  It  melts  at  the  temperature  of  boiling  water, 
kindles  very  readUy  at  the  flame,  burns  brightly  with  a  thick  smoke,  and  leaves  little 
ashes.  Distilled  by  itself,  it  yields  a  peculiar  bituminous  oU,  very  little  water,  some  com- 
bustible gases,  and  traces  of  ammonia.  It  leaves  about  one  third  of  its  weight  of  char- 
coal after  combustion,  and  ashes,  containing  silica,  alumina,  oxyde  of  iron,  sometimes  a 
little  lime,  and  oxyde  of  manganese.  According  to  John,  asphaltum  may  be  decomposed, 
by  different  solvents,  into  three  distinct  substances.  Water  dissolves  nothing ;  alcohol 
(anhydrous)  dissolves  out  a  yellow  resin  equal  to  5  per  cent,  of  the  weight  of  the  asphal- 
tum ;  that  resin  is  soluble  in  dilute  alcohol  and  in  ether.  The  portion  not  soluble  in  the 
alcohol  gives  up  a  brown  resin  to  ether,  amounting  to  70  per  cent,  of  the  weight  of  the 
asphaltum.  On  evaporating  off  the  ether,  the  resin  remains  of  a  brownish-black  color, 
which  dissolves  readily  in  the  volatile  oils,  and  in  the  oil  of  petroleum.  The  portion  of 
asphaltum  which  does  not  dissolve  in  ether  is  very  soluble  in  oil  of  turpentine,  and  in  oil 
of  petroleum ;  but  less  so  in  oil  of  lavender.  These  three  resinous  principles  dissolve  all 
together  by  digestion  in  the  oils  of  anise,  rosemary,  turpentine,  olive,  hemp-seed,  nut,  and 
linseed.  Caustic  potash  dissolves  a  notable  quantity  of  asphaltum ;  but  carbonate  of  pot- 
ash has  no  effect  upon  it. 

Asphaltum  enters  into  the  composition  of  hydraulic  cements,  and  into  that  of  black  var- 
nishes, called  japans,  for  coating  iron  trays,  &c.  A  similar  varnish  may  be  prepared  by 
dissolving  12  parts  of  fused  amber,  2  parts  of  rosin,  and  2  parts  of  asphaltum,  in  6  parts 
of  linseed  oil  varnish,  to  which  12  parts  of  oil  of  turpentine  have  been  added. 

There  is  a  kind  of  bitumen  found  at  Aniches,  in  France,  in  the  department  of  the 
north,  which  is  black,  very  fusible,  and  soft.  It  burns  with  flame.  Alcohol,  ether,  and 
oil  of  turpentine  extract  from  it  a  fatty  substance,  which  may  be  saponified  with  alkalis. 
The  bitumen  of  Murindo,  near  Choco,  in  Columbia,  is  of  a  brownish-black  color,  soft, 
and  has  an  earthy  fracture.  It  has  an  acrid  taste,  burns  with  a  smell  of  vanilla,  and  is 
said  to  contain  a  large  quantity  of  benzoic  acid.  It  appears  to  be  the  result  of  the  decom- 
position of  trees  containing  benzoin. 

Asphaltum  occurs  abundantly  at  the  surface  of  the  salt  lake  Asphaltites,  in  Judea, 
produced  from  springs  in  the  neighborhood ;  it  is  floated  down,  gathers  consistence  and 
accumulates  upon  the  surface  of  the  lake;  the  winds  drive  it  on  the  shores,  and  the  in- 
habitants collect  it  for  sale.  Its  inspissation  diffuses  a  disaereeable  smell  in  the  air  of 
that  region,  which  is  supposed  by  the  natives  to  be  powerful  enough  to  kill  birds  when 
they  attempt  to  fly  across  the  lake. 

But  probably  the  most  remarkable  locality  of  asphaltum  in  the  world  is  the  entire 
basin,  or  rather  plain  of  it,  in  the  island  of  Trinidad,  called  the  Tar  Lake.  It  lies  on  the 
highest  land  in  the  island,  and  emits  a  strong  smell,  sensible  at  ten  miles'  distance.  Its 
first  appearance  is  that  of  a  lake  of  water,  but  when  viewed  more  nearly,  it  seems  to  be 
a  surface  of  glass.  In  hot  weather  its  surface  liquefies  to  the  depth  of  an  inch,  and  it 
cannot  then  be  walked  upon.  It  is  of  a  circular  form,  about  three  miles  in  circumference, 
and  of  a  depth  not  ascertained.  Large  fissures  frequently  open  and  close  up  in  it,  whence 
the  pitch  has  been  supposed  to  float  upon  a  body  of  water.  The  soil,  for  a  considerable 
distance  round  it,  consists  of  cinders  and  burnt  earth,  and  presents  in  many  points  indi- 
cations of  con^Tilsions  by  subterranean  fire.  In  several  parts  of  the  neighboring  woods, 
there  are  round  holes  and  fissures  in  the  ground,  containing  liquid  bitumen  to  the  depth 
of  two  inches. 

Mr.  Hatchett  examined  some  specimens  from  Trinidad,  and  concluded  that  what  had 
been  heretofore  supposed  to  be  a  pure  mineral  pitch  was  in  reality  only  a  porous  stone  of 
the  argillaceous  kind,  much  impregnated  with  bitumen. 

These  various  bitumens  belong  exclusively  to  the  secondary  and  tertiary  geological 
formations,  and  are  not  found  among  primitive  rocks,  except  very  rarely  in  veins.  They 
occur  most  generally  in  calcareous,  argillaceous,  and  sandy  strata,  and  also  in  volcanic 
districts.  Petroleum  frequently  floats  on  the  waters  which  issue  from  the  volcanic  moun- 
tains, or  which  lie  at  their  base ;  even  the  sea  is  at  times  covered  with  it  near  the  vol- 
canic islands  of  Cape  Verd.  Mr.  Breislack  observed  a  petroleum  spring  rising  from  the 
bottom  of  the  sea  near  the  southern  base  of  Vesuvius. 

The  substance  with  which  bitumen  seems  to  have  the  most  constant  and  most  remark- 
able relations,  is  sea-salt;  so  that  almost  all  the  countries  most  abundant  in  petroleum, 
as  Italy,  Transylvania,  Persia,  the  environs  of  Babylon,  the  region  of  the  Dead  Sea,  &c., 
contain  salt  mines,  or  lakes,  or  exhibit  saline  eflSoresccnces.  Iron  pyrites  is  often  im- 
pregnated with  petroleum,  or  contains  a  bituminous  nucleus. 
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The  origin  of  bitumen  is  as  little  known  as  that  of  most  of  the  productions  of  nature. 
Some  regard  it  as  an  empyreumatic  oil,  a  matter  analogous  to  liquid  resin  or  essential 
oil,  resulting  from  the  destruction  of  that  astonishing  multitude  of  animals  and  vege- 
tables buried  in  the  earth,  whose  solid  remains  are  daily  brought  to  view  in  mineral 
researches.  It  has  been  also  supposed  that  naphtha  and  petroleum  are  the  product  of 
coals  decomposed  either  by  the  fire  of  volcanoes,  by  the  subterranean  combustion  of  coal 
itself,  or  by  the  decomposition  of  pyrites.  The  latter  opinion  is  not  supported  by  any 
direct  evidence,  but  the  two  former  are  sufficiently  probable. 

Elastic  Bituynen  is  a  rare  substance,  found  hitherto  only  near  Castleton,  in  Derby- 
ebiro,  in  fissures  of  slaty  clay. 

^itutninoTis  mastic,  or  cement,  has  been  of  late  extensively  employed  in  France  for 
!:o^ering  roofs  and  terraces,  and  lining  water  cisterns.  The  mineral  bitumen  used  for 
the  composition  of  this  mastic  is  procured  chiefly  from  the  Obsann  (Bas-Rhin),  from 
the  Pare  (department  de  I'Ain),  and  from  the  Puy-de-la-Poix  (department  of  Puy-de- 
Dome.)  But  boiled  coal-tar  answers  equally  well.  In  the  neighborhood  of  these 
localities,  there  is  a  limestone  impregnated  with  bitumen,  which  suits  for  giving  con- 
sistence to  the  cement.  This  is  well  dried,  ground  to  powder,  sifted,  and  stirred  while 
hot,  in  about  one  fifth  its  weight  of  melted  asphaltum,  contained  in  a  cast-jron  boiler. 
Dry  chalk  or  bricks,  ground  and  sifted,  will  suit  equally  well.  As  soon  as  this  paste  is 
made  quite  homogeneous,  it  is  lifted  out  with  an  iron  sliovel  or  spoon,  and  spread  in 
rectangular  moulds,  secured  with  pegs  at  the  joints,  fastened  to  a  kind  of  platform  of 
smoothed  planks,  covered  with  strong  sheet-iron.  The  sides  of  these  moulds  should  be 
preA^ously  smeared  over  with  a  thin  coat  of  loam-paste,  to  prevent  their  adhesion  to  the 
mastic.  Whenever  the  cake  is  cold,  the  frame  is  taken  asunder,  and  it  is  removed  from 
the  iron  plate  by  an  oblong  shovel,  or  strong  spatula  of  iron.  These  cakes  or  bricks  are 
usually  18  inches  long,  12  broad,  and  4  thick,  and  weigh  about  70  lbs. 

BIVTER  PRINCIPLE,  {^mere,  ¥r.;  Bittersiof,  Germ.)  This  principle  has  not 
been  insulated  hitherto  by  the  chemist  from  the  other  proximate  principles  of  plants,  but 
its  existence  is  sufficiently  recosnised  by  the  taste.  The  following  list  contains  the  prin- 
cipal bitter  substances,  many  of  which  have  been  used  in  the  arts  and  in  medicine. 


Name. 

Fart  eiiipliiyed. 

Country. 

Obseivatiims. 

Quassia 

Wood 

Surinam,  East  Indies 

Powerfully  bitter 

Wormwood 

Herb 

Great  Britain 

Ditto 

Aloe 

Inspissated  juice 

South  Africa 

Ditto 

Ansustura 

Bark 

South  America 

Ditto 

Orange 
Ditto" 

Unripe  fruit 
Peel 

South  of  Europe 
Ditto 

Aromatic  bitter 

Acorns 

Root 

Ditto 

Ditto 

Canluus  Benedictus 

Herb 

Greek  Archipelc^go 

Cascarilla 

Bark 

Jamaica 

Ditto 

Centaury 

Kerb 

Great  Britain 

Chamomile 

Flowers 

Colocynth 

Fruit 

Levant 

Intolerably  bitter 

Colombo 

Root 

East  Africa 

Very  bitter 

Fumitory 

Herb 

Great  Britain 

Gentiana  lutea 

Root 

Switzerland 

Very  bitter 

Ground  Ivy 

Herb 

Great  Britain 

Walnut 

Peels 

With  tannin 

Island  moss 

With  starch 

Hops 

Scales  of  the  fe-  ) 
male  flowers    ] 

Great  Britain 

Aromatic  bitters 

MUfoil 

Herb  flowers 

Great  Britain 

Large-leaved  Satyrion 

Herb 

Great  Britain 

Rhubarb 

Root 

China 

Disagreeable  odor 

Rue 

Herb 

Great  Britain 

Bitter  and  sharp 

Tnnsy 

Herb  flowers 

Ditto 

Bitter  and  offensive 

Biltfr  ticfuil 

Herb 

Ditto 

Simarouba 

Bark 

Guyana 

Bryony 

Root            ' 

Great  Britain 

<       Sharp,  bitter, 
(              nauseous 

Cofl'ee 

Seeds 

Arabia 

_- 

BLACK  DYE.  (Teinie  noire,  Ft.;  Schwarize  farbe,  Germ.)  For  1  cwt.  of  cloth,  there 
^re  put  into  a  boiler  of  middle  size  18  lbs.  of  logwood,  with  as  much  Aleppo  galls  in 
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powder,  and  the  whole,  being  enclosed  in  a  bag,  is  boiled  in  a  sufficient  quantity  of  water 
for  12  hours.  One  third  of  this  bath  is  transiened  into  another  boiler  with  two  pounds 
of  verdigris ;  and  the  stuff  is  passed  through  this  solution,  stirring  it  continually  during 
two  hours,  taking  care  to  keep  the  bath  very  hot  without  boiling.  The  stuff  is  then 
lifted  out,  another  third  of  the  bath  is  added  to  the  boiler,  along  with  eisht  pounds 
of  sulpliate  of  iron  or  green  vitriol.  The  fire  is  to  be  lowered  while  the  sulphate  dis- 
solves, and  the  bath  is  alliwed  to  cuol  for  half  an  hour,  after  which  the  stuff  is  introduced, 
and  well  moved  about  for  an  hour,  after  which  it  is  taken  out  to  aii-.  Lastly,  the  remain- 
ing third  of  the  bath  is  added  to  the  other  two,  taking  care  to  squeeze  the  bag  well.  18 
or  22  lbs.  of  sumach  are  throwa  in  ;  the  whole  is  just  brought  to  a  boil,  and  then  refreshed 
with  a  little  cold  water ;  two  pounds  more  of  sulphate  of  iron  are  added,  after  which 
the  stuff  is  turned  through  for  an  hour.  It  is  thereafter  washed,  aired,  and  put  again 
into  the  bath,  stirring  it  continually  for  an  hour.  After  this,  it  is  carried  to  the  river, 
washed  well,  and  then  filled.  Whenever  the  water  runs  off  clear,  a  bath  is  prepared 
with  well],  which  is  made  to  boU  for  an  instant ;  and  after  refreshing  the  bath  the  stuff 
is  turned  in  to  soften,  and  to  render  the  black  mure  fast.  In  this  manner,  a  very  beauti- 
ful black  is  obtained,  without  rendering  the  cloth  too  harsh. 

Commonly  more  simple  processes  are  employed.  Thus  the  blue  cloth  is  simply  turned 
through  a  bath  of  gall-nuts,  where  it  is  boiled  for  two  hours.  It  is  next  passed  through 
a  bath  of  logwood  and  sulphate  of  iron  for  two  hours,  without  boiling,  after  which  it  is 
washed  and  fulled. 

Hellot  has  found  that  the  dyeing  might  be  performed  in  the  following  manner  : — For 
20  yards  of  dark  blue  cloth,  a  bath  is  made  of  two  pounds  of  fustic  (morus  tinctoria), 
4i  lbs.  of  logwood,  and  11  lbs.  sumach.  After  boiling  the  cloth  in  it  for  three  hours 
it  is  lifted  out,  1 1  lbs.  of  sulphate  of  iron  are  thrown  into  the  boiler,  and  the  cloth  is 
then  passed  through  it  during  two  hours.  It  is  now  aired,  and  put  again  in  the  bath 
for  an  hour.  It  is,  lastly,  washed  and  scoured.  The  black  is  less  velvety  than  that  of 
the  preceding  process.  Experience  convinced  him  that  the  maddering  prescribed  in 
the  ancient  regulations  only  gives  a  reddish  cast  to  the  black,  which  is  obtained  finer 
and  more  velvety  without  madder. 

A  black  may  be  dyed  likewise  without  having  given  a  blue  ground.  This  method  is 
employed  for  cloths  of  little  value.  In  this  case  they  are  rooted ;  that  is  to  say,  they 
receive  a  dun  ground  with  walnut  husks,  or  the  root  of  the  walnut-tree,  and  are  after- 
wards made  black  in  the  manner  above  described,  or  in  some  other  way ;  for  it  is  ob- 
vious that  a  black  may  be  obtained  by  several  processes. 

According  to  Lewis,  the  proportions  which  the  English  dyers  most  generally  adopt 
are,  for  one  hundred  and  twelve  pounds  of  woollen  cloth  previously  dyed  of  a  dark  blue, 
about  five  pounds  of  sulphate  of  iron,  as  much  gall  nuts,  and  thirly  pounds  of  loswood. 
They  begin  by  galling  the  cloth,  they  then  pass  it  through  the  decoction  of  logwood,  to 
Avhich  the  sulphate  of  iron  has  been  added. 

When  the  cloth  is  completely  dyed,  it  is  washed  in  the  river,  and  passed  through  the 
fulling-mill  till  the  water  runs  off  clear  and  colorless.  Some  persons  recommend,  for 
fine  cloths,  to  full  them  with  soap  water.  This  operation  requires  an  expert  workman, 
who  can  free  the  cloth  thoroughly  from  the  soap.  Several  recommend  at  its  coming 
from  the  fulling  to  pass  the  cloth  through  a  bath  of  weld,  with  the  view  of  giving  soft- 
ness and  solidity  to  the  black.  Lewis  says,  that  passing  the  cloth  through  weld,  after  it 
has  been  treated  with  soap,  is  absolutely  useless,  although  it  may  be  beneficial  when  this 
operation  has  been  neglected. 

Diflerent  operations  may  be  distinguished  in  dyeing  silk  black  ;  the  boiling  of  the  silk, 
its  galling,  the  preparation  of  the  bath,  the  operation  of  dyeing,  the  softening  of  the 
black. 

Silk  naturally  contains  a  substance  called  gum,  which  gives  it  the  stiffness  and  elas- 
ticity peculiar  to  it  in  its  native  state;  but  this  adds  nothing  to  the  strength  of  the  silk, 
which  is  then  styled  raw ;  it  rather  renders  it,  indeed,  more  apt  to  wear  out  by  the  stifl- 
ness  which  it  communicates ;  and  although  raw  sUk  more  readily  takes  a  black  color,  yet 
the  black  is  not  so  perfect  in  intensity,  nor  does  it  so  well  resist  the  re-agents  capable  of 
dissolving  the  coloring  particles,  as  silk  which  is  scoured  or  deprived  of  its  gum. 

To  cleanse  siUc  intended  for  black,  it  is  usually  boiled  four  or  five  hours  with  one  fifth 
of  its  weight  of  white  soap,  after  which  it  is  carefully  beetled  and  washed. 

For  the  galling,  nut-galls  equal  nearly  to  three  fourths  of  the  weight  of  the  silk  are 
boiled  during  three  or  four  hours ;  but  on  account  of  the  price  of  Aleppo  galls,  more  or 
less  of  the  white  gall-nuts,  or  of  even  an  inferior  kind  called  galon,  berry  or  apple  galls, 
are  used.  The  proportion  commonly  employed  at  Paris  is  two  parts  of  Aleppo  galls  to 
from  eight  to  ten  parts  of  galon.  After  the  boiling,  the  galls  are  allowed  to  settle  foj 
about  two  hours.  The  silk  is  then  plunged  into  the  bath,  and  left  in  it  from  twelve  to 
thirty-six  hours,  after  which  it  is  taken  out  and  washed  in  the  river. 

Silk  is  capable  of  combining  with  quantities,  more  or  less  considerable,  of  the  astrin- 
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gent  principle  ;  whence  results  a  considerable  increase  of  weight,  not  only  from  the  weight 
of  the  astringent  principle,  but  also  from  that  of  the  coloring  particles,  which  subsequent- 
ly fix  themselves  in  proportion  to  the  quantity  of  the  astringent  principle  which  had  en- 
tered into  combination.  Consequently  the  processes  are  varied  according  to  the  degree 
of  weight  which  it  is  wished  to  communicate  to  the  silk;  a  circumstance  requiring  some 
illustration. 

The  commerce  of  silk  goods  is  carried  on  in  two  wajs ;  they  are  sold  either  by  the 
weight,  or  by  the  surface,  that  is,  by  measure.  Thus  the  trade  of  Tours  was  formerly 
distinguished  from  that  of  Lyons;  the  silks  of  the  former  being  sold  by  weight,  those  of 
the  latter,  by  measure.  It  was  therefore  their  interest  to  surcharge  the  weight  at  Tours, 
and,  on  the  contrary,  to  be  sparing  of  the  dyeing  ingredients  at  Lyons  ;  whence  came  the 
distinction  of  light  black  and  heavy  black.  At  present,  both  methods  of  dyeing  are  prac- 
tised at  Lyons,  the  two  modes  of  sale  having  been  adopted  there. 

Silk  loses  nearly  a  fourth  of  its  weight  by  a  thorough  boiling,  and  it  resumes,  in  the 
light  black  dye,  one  half  of  this  loss  ;  but  in  the  heavy  black  dye,  it  takes  sometimes  up- 
wards of  a  fifth  more  than  its  primitive  weight;  a  surcharge  injurious  to  the  beauty  of 
the  black,  and  the  durability  of  the  stuff.  The  surcharged  kind  is  denominated  English 
black,  because  it  is  pretended  that  it  was  first  practised  in  England.  Since  silk  dyed  with 
a  great  surcharge  has  not  a  beautiful  black,  it  is  usually  destined  for  weft,  and  is  blended 
with  a  warp  dyed  of  a  fine  black. 

The  peculiarity  of  the  process  for  obtaining  the  heavy  black  consists  in  leaving  the 
Bilk  longer  in  the  gall  liquor,  in  repeating  the  galling,  in  passing  the  silk  a  greater  num- 
ber of  times  through  the  dye,  and  even  letting  it  lie  in  it  for  some  time.  The  first  gall- 
ing is  usually  made  with  galls  which  have  served  for  a  preceding  operation,  and  fresh 
gall-nuts  are  employed  for  the  second  But  these  methods  would  not  be  sufficient  for 
giving  a  great  surcharge,  such  as  is  found  in  what  is  called  the  English  black.  To  give 
it  this  weight,  the  silk  is  galled  without  being  ungummed  ;  and,  on  coming  out  of  the 
galls,  it  is  rendered  supple  by  being  worked  on  the  jack  and  pin. 

The  silk-dyers  keep  a  black  vat,  and  its  very  complex  composition  varies  in  diflferent 
dye-houses.  These  vats  are  commonly  established  for  many  years  :  and  when  their  black 
dye  is  exhausted  it  is  renovated  by  what  is  called  in  France  a  brevet.  When  the  deposite 
which  has  accumulated  in  it  is  too  great,  it  is  taken  out,  so  that  at  the  end  of  a  certain 
time  nothing  remains  of  the  several  ingredients  which  composed  the  primitive  bath,  but 
which  are  not  employed  in  the  brevet. 

For  the  dyeing  of  raw  silk  black,  it  is  galled  in  the  cold,  with  the  bath  of  galls  which 
has  already  served  for  the  black  of  boiled  silk.  For  this  purpose,  silk,  in  its  native 
yellow  color,  is  made  choice  of.  It  should  be  remarked,  that  when  it  is  desired  .to 
preserve  a  portion  of  the  gum  of  the  silk,  which  is  afterwards  made  flexible,  the  galling 
is  given  with  the  hot  bath  of  gall  nuts  in  the  ordinary  manner.  But  here,  where  the 
whole  gum  of  the  silk,  and  its  concomitant  elasticity,  are  to  be  preserved,  the  galling 
is  made  in  the  cold.  If  the  infusion  of  galls  be  weak,  the  silk  is  left  in  it  for  several 
days. 

Silk  thus  prepared  and  washed  takes  very  easily  the  black  dye,  and  the  rinsing  in  a 
little  water,  to  which  sulphate  of  iron  may  be  added,  is  sufficient  to  give  it.  The  dye  is 
made  in  the  cold ;  but,  according  to  the  greater  or  less  strength  of  the  rinsings,  it  re- 
quires more  or  less  time.  Occasionally  three  or  four  days  are  necessary ;  after  which 
it  is  washed,  it  is  beetled  once  or  twice,  and  it  is  then  dried  without  wringing,  to  avoid 
softening  it. 

Raw  silk  maybe  more  quickly  dyed,  by  shaking  it  round  the  rods  in  the  cold  bath  after 
the  galling,  airing  it,  and  repeating  these  manipulations  several  times,  after  which  it  is 
washed  and  dried  as  above. 

Macquer  describes  a  more  simple  process  for  the  black  by  which  velvet  is  dyed  at  Ge- 
noa ;  and  he  says  that  this  process,  rendered  still  simpler,  has  had  complete  success  at 
Tours.     The  following  is  his  description. 

For  1  cwt.  (50  kilogrammes)  silk,  22  lbs.  (11  kilogrammes)  of  Aleppo  galls,  in  powder, 
are  boiled  for  an  hour  in  a  sufficient  quantity  of  water.  The  bath  is  allowed  to  settle  till 
the  galls  have  fallen  to  the  bottom  of  the  boiler,  from  which  they  are  withdrawn  ;  aftei 
which  32  lbs.  of  English  vitriol  (or  copperas)  are  introduced,  with  13  lbs.  of  iron  filings, 
and  22  lbs.  of  country  gum,  put  into  a  kind  of  two-handled  cullender,  pierced  every 
where  with  holes.  This  kettle  is  suspended  by  two  rods  in  the  boiler,  so  as  not  to  reach 
the  bottom.  The  gum  is  left  to  dissolve  for  about  an  hour,  stirring  it  from  time  to 
time.  If,  after  tliis  time,  some  gum  remains  in  the  kettle,  it  is  a  proof  that  the  bath, 
which  contains  two  hogsheads,  has  taken  as  much  of  it  as  is  necessary.  If,  on  the  con- 
trary, the  whole  gum  is  dissolved,  from  one  to  4  lbs.  more  may  be  added.  This  cul- 
lender is  left  constantly  suspended  in  the  boiler,  from  which  it  is  removed  only  when  the 
dyeing  is  going  on  ;  and  thereafter  it  is  replaced.  During  all  these  operations  the  boiler 
must  be  kept  hot,  but  without  boiling.     The  galling  of  the  silk  is  performed  with  one 
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third  of  Aleppo  galls.     The  silk  is  left  in  it  for  six  hours  the  first  time,  then  for  twelve 
hours.     The  rest,  secundum  artem. 

Lewis  states  that  he  has  repeated  this  process  in  the  small  way  ;  and  that  by  adding 
sulphate  of  iron  progressively,  and  repeating  the  immersions  of  the  silk  a  great  number 
of  times,  he  eventually  obtained  a  fine  black. 

Astringents  differ  from  one  another  as  to  the  quantity  of  the  principle  which  enters  into 
combination  with  the  oxyde  of  iron  Hence,  the  proportion  of  the  sulphate,  or  of  any 
other  salt  of  iron,  and  that  of  the  astringents,  should  vary  according  to  the  astringents 
made  use  of,  and  according  to  their  respective  quantities.  Gall-nut  is  the  substance 
which  contains  most  astringent ;  sumach,  which  seems  second  to  it  in  this  respect,  throws 
down  (decomposes),  however,  only  half  as  much  sulphate  of  iron. 

The  most  suitable  proportion  of^  sulphate  of  iron  appears  to  be  that  which  corresponds 
to  the  quantity  of  the  astringent  matter,  so  that  the  whole  iron  precipitable  by  the  as- 
tringent may  be  thrown  down,  and  the  whole  astringent  may  be  taken  up  in  combination 
with  the  iron.  As  it  is  not  possible,  however,  to  arrive  at  such  precision,  it  is  better 
that  the  sulphate  of  iron  should  predominate,  because  the  astringent,  when  in  excess, 
counteracts  the  precipitation  of  the  black  coloring  particles,  and  has  the  property  of  even 
dissolving  them. 

This  action  of  the  astringent  is  such  that,  if  a  pattern  of  black  cloth  be  boiled  with  gall- 
nuts,  it  is  reducible  to  gray.  An  observation  of  Lewis  may  thence  be  explained.  If  cloth 
be  turned  several  times  through  the  coloring  bath,  after  it  has  taken  a  good  black  color, 
instead  of  acquiring  more  bod)%  it  is  weakened,  and  becomes  brownish.  Too  considera- 
ble a  q\iantity  of  the  ingredients  produces  the  same  efiect ;  to  which  the  sulphuric  acid, 
set  at  liberty  by  the  precipitation  of  the  oxyde  of  iron,  contributes. 

It  is  merely  the  highly  oxydized  sulphate  which  is  decomposed  by  the  astringent; 
whence  it  appears,  that  the  sulphate  will  produce  a  different  effect  according  to  its  state 
of  oxydizement,  and  call  for  other  proportions.  Some  advise,  therefore,  ift  follow  the 
method  of  Proust,  employing  it  in  the  oxydized  state  ;  but  in  this  case  it  is  only  partially 
decomposed,  and  another  part  is  brouglit,  by  the  action  of  the  astringent,  into  the  lower 
degree  of  oxydizement. 

The  particles  precipitated  by  the  mixture  of  an  astringent  and  sulphate  of  iron  have 
not  at  first  a  deep  color ;  but  they  pass  to  a  black  by  contact  of  air  while  they  are 
moist. 

Under  dyeing  I  shall  show  that  the  black  dye  is  only  a  very  condensed  color,  and  that 
it  assumes  more  intensity  from  the  mixture  of  different  colors  likewise  deep.  It  is  for 
this  reason  advantageous  to  unite  several  astringents,  each  combination  of  wliich  produ- 
ces a  different  shade.  But  blue  appears  the  color  most  conducive  to  this  eflect,  and  it 
corrects  the  tendency  to  dun,  which  is  remarked  in  the  black  produced  on  stufl's  by  the 
other  astringents. 

On  this  property  is  founded  the  practice  of  giving  a  blue  ground  to  black  cloths,  which 
acquire  more  beauty  and  solidity  the  deeper  the  blue.  Another  advantage  of  this  prac- 
tice is  to  dimini-ih  the  quantity  of  sulphuric  acid  which  is  necessarily  disengaged  by  the 
precipitation  of  the  black  particles,  and  which  would  not  only  counteract  their  fixation, 
but  would  further  weaken  the  stuff,  and  give  it  harshness. 

For  common  stuffs,  a  portion  of  the  eifect  of  the  blue  ground  is  produced  by  the 
rooting. 

The  mixture  of  logwood  with  astringents  contributes  to  the  beauty  of  the  black  in  a 
twofold  way.  It  produces  molecules  of  a  hue  difierent  from  what  the  astringents  do, 
and  particularly  blue  molecules,  with  the  oxyde  of  copper,  commonly  employed  in  the 
black  dyes  ;  which  appears  to  be  more  useful  the  more  acetate  the  verdigris  made  use  of 
contains. 

The  boil  of  weld,  by  which  the  dye  of  black  cloth  is  frequently  finished,  may  also  con- 
tribute to  its  beauty,  by  the  shade  peculiar  to  its  combination.  It  has,  moreover,  the  ad- 
vantage of  giving  softness  to  the  stuffs. 

The  processes  that  are  employed  for  wool,  yield,  according  to  the  observation  of  Lewis, 
only  a  rusty  black  to  silk ;  and  cotton  is  hardly  dyed  by  the  processes  proper  for  wool 
and  silk.  Let  us  endeavor  to  ascertain  the  conditions  which  these  three  varieties  of 
dyeing  demand. 

Wool  has  a  great  tendency  to  combine  with  coloring  substances ;  but  its  physical  na- 
ture requires  its  combinations  to  be  made  in  general  at  a  high  temperature.  T?he  com- 
bination of  the  black  molecules  may  therefore  be  directly  effected  in  a  bath,  in  pi-oportion 
as  they  form ;  and  if  the  operation  be  prolonged  by  subdividing  it,  it  is  only  with  the 
view  of  changing  the  necessary  oxydizement  of  the  sulphate,  and  augmenting  that  of  the 
coloring  particles  themselves. 

Silk  has  little  disposition  to  unite  with  the  black  particles.  It  seems  to  be  merely  by 
the  agency  of  the  tannin,  with  which  it  is  previously  impregnated,  that  these  particles 
can  fix  themselves  on  it,  especially  after  it  has  been  scoured.    For  this  reason,  silk  baths 
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should  be  old,  and  have  the  coloring  particles  accumulated  in  them,  but  so  feebly  suspended 
as  to  yield  to  a  weak  affinity.  Their  precipitation  is  counteracted  by  the  addition  of  gum, 
or  other  mucilaginous  substances.  The  obstacle  which  might  arise  from  the  sulphuric 
acid  set  at  liberty  is  destroyed  by  iron  filings,  or  other  basis.  Thus,  baths  of  a  very  differ- 
ent composition,  but  with  the  essential  condition  of  age,  may  be  proper  for  this  dye.  For 
cotton  black  dye,  see  Calico  Printing. 

BLACK  PIGMENT.  The  finest  light  black  is  prepared  principally  for  the  manu- 
facturing of  printers'  ink.  In  Messrs.  Martin  and  Grafton's  patent  process,  the  black 
is  obtained  by  burning  common  coal-tar,  which  should,  however,  be  previously  divest- 
ed, as  much  as  possible,  of  the  ammoniacal  liquor  and  acid  mixed  with  it  in 
the  tank. 

For  this  purpose,  it  is  proposed  that  four  casks  should  be  employed,  each  capable  of 
holding  130  gallons,  and  into  every  one  of  them  are  to  be  put  about  60  gallons  of  the 
rough  impure  tar,  to  which  an  equal  quantity  of  lime-water  is  to  be  added,  and  then 
agitated  by  machinery  or  manual  labor  until  the  lime-water  is  completely  mixed  with 
the  tar.  The  vessels  should  next  be  suffered  to  rest  for  about  six  hours,  by  which  time 
the  tar  will  settle  at  the  bottom  of  the  casks,  and  the  water  may  be  drawn  off.  The 
casks  containing  the  tar  should  now  be  filled  with  hot  water,  which  may  be  supplied 
from  the  boiler  of  a  steam  engine,  and  the  whole  again  agitated  as  before.  This  process 
may  be  repeated  three  times,  suffering  the  tar  to  subside  between  each;  and  twelve 
hours  should  be  allowed  for  settling  from  the  last  water,  so  that  the  whole  of  the  tar  and 
water  may  become  separated,  the  water  rising  to  the  top  of  the  cask,  and  the  tar  being 
left  at  the  bottom  in  a  pure  state. 

But,  as  some  of  the  water  will  yet  remain  mechanically  combined  with  the  tar,  it  is 
proposed  that  the  tar  should  be  subjected  to  the  process  of  distillation.  For  this 
purpose,  a  still,  capable  of  holding  120  gallons,  may  be  employed,  in  which  about 
50  gallons  at  one  time  may  be  operated  upon ;  when,  by  a  gentle  heat,  the  water,  and 
other  impurities  which  the  tar  may  have  retained,  will  be  driven  off.  As  soon  as  the 
water  appears  to  have  evaporated,  and  the  spirit  runs  fine  and  clear,  the  process  of 
distillation  should  be  stopped ;  and,  when  cold,  the  pure  tar  may  be  drawn  off,  and  set 
apart  for  the  purpose  of  being  employed  as  contemplated  in  the  patent. 

The  tar  thus  purified  may  be  now  converted  into  black,  or  it  may  be  subjected  to 
further  rectification  to  divest  it  of  the  mineral  pitch,  or  asphaltum,  which  is  combined 
with  the  oil  and  spirit :  the  latter  is  to  be  preferred,  because  the  mineral  pitch,  or 
asphaltum,  is  only  infiammable  at  a  high  temperature,  which  renders  it  more  trouble- 
some to  use  in  the  process  here  contemplated,  and  also  would  cause  the  apparatus  to 
require  frequent  cleaning  from  the  carbonized  pitch  deposited.  In  ordei',  therefore,  to 
get  rid  of  the  mineral  pitch,  or  asphaltum,  forty  gallons  of  the  tar  are  to  be  introduced 
into  a  still,  as  before ;  and,  instead  of  stopping  the  operation,  as  soon  as  the  spirit  begins 
to  come  over,  the  distillation  is  continued  with  a  strong  heat,  so  as  to  force  over  the 
whole  of  the  oil  and  spirit,  leaving  the  residuum  of  asphaltum  in  the  still;  this  process, 
however,  is  known  to  every  chemist,  and  need  not  be  further  explained. 

In  fig.  115,  is  exhibited  a  rude  representation  of  the  apparatus  employed  in  preparing 
and  collecting  the  fine  light  spirit  black,  produced  by  the  combustion  of  the  oil  and 
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spirit  of  coal-tar,  after  it  has  been   purified  as   above  described,     a   is   the   biickwork 
•which  supports  a  number  of  burners  issuing  from  a  tube,  6,  within,  and  here  shown  by 
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dots,  as  passing  alons;  its  whole  length.  Fig.  116  is  a  section  of  the  brickwork,  with  the 
tube,  burner,  and  receiver,  as  will  be  described  hereafter.  The  tube  may  be  called  the 
tar  main,  as  it  is  intended  to  be  filled  with  tar  :  it  is  constructed  of  cast  iron,  and  from  it 
issue  several  (in  this  figure  twenty-four)  jets  or  burners,  c,  c,  c ;  any  other  number  may 
be  employed,  d  is  a  furnace  under  the  tar  main,  the  flue  of  which  extends  along,  for 
the  purpose  of  heating  the  tar  to  the  boiling  point,  in  order  to  facilitate  the  piocess. 
From  the  main,  b,  the  tar  flows  into  the  jets  c ;  wicks  are  introduced  into  the  jets,  and, 
when  set  fire  to,  by  a  red-hot  stick,  will  burn  and  emit  a  very  considerable  quantity  of 
smoke ;  which  it  is  the  object  of  this  apparatus  to  conduct  through  many  passages,  for 
the  purpose  of  collecting  its  sooty  particles. 

There  are  a  number  of  hoods,  e,  e,  e,  or  bonnets,  as  they  are  termed,  all  of  which, 
through  their  pipes,  have  communication  with,  or  lead  into  a  main  chimney,/,/.  Into 
these  hoods  or  bonnets  the  smoke  of  the  burners  ascends,  and  from  thence  passes  into 
the  main  chimney  /,  and  thence  through  the  smoke  tubes  into  the  box  g:  here  the 
heaviest  particles  of  the  black  deposite  themselves ;  but,  as  the  smoke  passes  on  through 
the  farther  pipes,  a  deposite  of  the  second,  or  finer,  particles  of  black  takes  place  in  the 
box  h.  From  hence  the  smoke  proceeds  through  other  pipes  into  a  series  of  canvass 
bags,  i,  i,  ?',  which  are  proposed  to  be  about  eighteen  feet  long,  and  three  in  diameter. 
These  bass  are  connected  together  at  top  and  bottom  alternately,  and  Ihroush  the 
whole  series  the  smoke  passes  up  one  bag  and  down  the  next,  depositing  fine  black, 
called  spirit  black,  upon  the  sides  of  the  canvass.  After  the  jets  have  continued  burning 
for  several  days,  the  bags  are  to  be  beaten  with  a  stick,  so  that  the  black  may  fall  to  the 
bottom  ;  and,  when  a  sufficient  quantity  has  accumulated,  the  bags  may  be  emptied  and 
swept  out.  Thus  seventy  or  eighty  bass  may  be  employed ;  so  that  the  smoke  should 
pass  through  a  length  of  about  400  yards,  the  farthest  of  which  will  be  found  to  contain 
the  finest  black.  The  last  bag  should  be  left  open,  in  order  to  allow  the  vapor  to  escape 
into  the  open  air. 

The  main  tar  tube  will  require  to  be  emptied  every  four  or  five  days,  in  order  to 
clear  it  from  the  pitchy  matter  that  may  have  subsided  from  the  burners,  and  they  also 
will  require  to  be  frequently  poked  with  a  wire,  to  clear  off  the  black  Avhich  forms  upon 
the  edges,  and  to  drive  down  the  carbonized  tar  which  attaches  itself  to  the  upper  part 
of  the  jets. 

BLEACHING  {Blanchiment,  Fr. ;  Bkichen,  Germ.)  is  the  process  by  which  the  tex- 
tile filaments,  cotton,  flax,  hemp,  wool,  silk,  and  the  cloths  made  of  them,  as  well  as  va- 
rious vegetable  and  animal  substances,  are  deprived  of  their  natural  color,  and  rendered 
nearly  or  altogether  white.  The  term  bleaching  comes  from  the  French  verb  blanchir,  to 
whiten.  The  word  blanch,  which  has  the  same  origin,  is  applied  to  the  whitening  of 
living  plants  by  making  them  grow  in  the  dark,  as  when  the  stems  of  celery  are  covered 
over  with  mould. 

The  operations  which  the  bleacher  has  recourse  to  differ  according  to  the  nature  of 
the  bleaching  means,  the  property  of  the  stuff' to  be  bleached,  and  local  customs  or  cir- 
cumstances ;  and  the  result  is  also  obtained  with  more  or  less  rapidity,  certainty, 
economy,  and  perfection.  The  destruction  of  the  coloring  matters  attached  to  the  bodies 
to  be  bleached  is  effected  either  by  the  action  of  the  air  and  light,  of  chlorine,  or  sulphu- 
rous acid  ;  which  may  be  considered  the  three  bleaching  powers  employed  for  manufac- 
turing purposes. 

Bleaching  by  the  influence  of  air  and  sunshine  is  the  most  ancient,  and  still  the  most 
common,  method  in  several  civilized  countries ;  it  is  also  supposed  by  many  to  be  ihe 
least  injurious  to  the  texture  of  yarn  and  cloth.  The  operations  it  involves  are  very 
simple,  consisting  in  the  exposure  of  the  goods  upon  a  grass-plat  to  the  sky,  with  their 
occasional  aspersion  with  moisture  if  necessary,  in  addition  to  the  rain  and  dew.  The 
atmospheric  air  effects  the  bleaching  by  means  of  its  oxygenous  constituent,  which  com- 
bines with  the  coloring  matter,  or  its  elements  carbon  and  hydrogen,  and  either  makes  it 
nearly  white,  or  converts  it  into  a  substance  easily  soluble  in  water  and  alkaline  solutions. 
This  natural  process  is  too  slow  to  suit  the  modern  demands  of  the  cotton  and  linen 
manufacturers.  Fortunately  for  them,  a  new  bleaching  agent,  unknown  to  our  forefathers, 
has  been  discovered  in  chlorine,  formerly  called  oxymuriatic  acid,  an  asent  modified  by 
chemistry  so  as  to  give  an  aslonishins  degree  of  rai)idity,  economy,  and  perfection,  to  this 
important  art.  It  is,  however,  not  a  little  surprising,  that  the  science  which  has  so  greatly 
advanced  its  practical  part  should  have  left  its  theory  far  from  complete,  and  should  afford 
no  satisfactory  answers  to  the  two  following  questions.— What  is  the  action  of  the  solar 
rays  upon  the  coloring  matter  ?  How  do  air  and  chlorine  operate  upon  this  principle  ? 
Some  suppose  that  light  predisposes  the  coloring  matter  to  combine  with  oxysen  ;  others 
fancy  that  it  acts  merely  in  the  manner  of  a  high  temperature,  so  as  to  determine  a 
reaction  between  the  elements  of  that  substance,  and  to  cause  a  new  combination 
possessed  of  peculiar  properties.  It  is  generally  admitted  at  the  present  day,  that  a 
portion  of  the  oxygen  of  the  air  passes  into  the  coloring  matter,  and  changes  its  con  • 
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Btitution.  This  is,  however,  j)robably  not  the  part  which  oxygen  plays,  nor  is  it  the  only 
principle  in  the  atmosphere  which  exercises  a  bleaching  influence.  Neither  is  the  action 
of  chlorine  such  as  has  been  commonly  represented  in  our  chemical  systems. 

But  if  authors  offer  us  only  vague  hypotheses  concerning  the  three  principal  agents, 
light,  oxygen,  chlorine,  they  afford  no  information  whatever  concerning  the  phenomena 
due  to  greasy  spots  so  frequently  found  upon  cotton  cloth,  and  so  very  troublesome  to 
the  bleacher.  It  has  indeed  been  sometimes  said  in  bleach-works,  that  fatty  sub- 
stances are  no  longer  soluble  in  alkalis,  when  they  are  combined  with  oxygen.  The 
very  reverse  of  this  statement  is  probably  nearer  the  truth. 

The  object  of  bleaching  is  to  separate  from  the  textile  fibre,  by  suitable  operations,  all 
the  substances  which  mask  its  intrinsic  whiteness  :  or  which,  in  the  course  of  ulterior 
dyeing  operations,  may  produce  injurious  effects.  In  this  latter  respect,  cotton  deserves 
especial  consideration.  This  substance  is  covered  with  a  resinous  matter,  which  obstructs 
its  absorption  of  moisture,  and  with  a  yellow  coloring  matter  in  very  small  quantity, 
often  so  inconsiderable  in  some  cottons,  that  it  would  be  unnecessary  to  bleach  them, 
before  submitting  them  to  the  dyer,  were  it  not  that  the  manipulations  which  they 
undergo  introduce  certain  impurities  which  are  more  or  less  injurious,  and  must  be 
removed.  It  is  in  fact  a  circumstance  well  known  in  the  factories,  that  unbleached 
cottons  may  be  dyed  any  dark  color,  provided  they  are  deprived  of  that  matter  which 
makes  them  difficult  to  moisten.  The  substances  present  in  cotton  goods  are  the 
following : — 

1.  The  resinous  matter  natural  to  the  cotton  filaments. 

2.  The  proper  coloring  matter  of  this  vegetable. 

3.  The  paste  of  the  weaver. 

4.  A  fat  matter. 

5.  A  cupreous  soap. 

6.  A  calcareous  soap. 

7.  The  filth  of  the  hands. 

8.  Iron,  and  some  earthy  substances. 

1.  The  matter  which  prevents  the  moistening  of  cotton  wool  may  be  separated  by 
means  of  alcohol,  which,  when  evaporated,  leaves  thin  yellowish  scales,  soluble  in  alkalis, 
in  acids,  and  even  in  a  large  quantity  of  boiling  water.  For  a  long  time  the  bleaching 
process  commenced  with  the  removal  of  this  resinous  stuff,  by  passing  the  cloth  or  the 
yarn  through  an  alkaline  ley.     Tliis  Avas  called  scouring  ;  it  is  now  nearly  laid  aside. 

2.  The  coloring  matter  of  cotton  seems  to  be  superficial,  and  to  have  no  influence 
on  the  strength  of  the  fibres ;  for  the  yarn  is  found  to  be  as  strong  after  it  has  been 
stripped  by  caustic  soda  of  its  resinous  and  coloring  matters,  as  it  was  before.  The 
coloring  matter  is  slightly  soluble  in  water,  and  perfectly  in  alkaline  leys.  When  gray 
calico  is  boiled  in  lime-water,  it  comes  out  with  a  tint  darker  than  it  had  before  ;  whence 
it  might  be  supposed  that  the  coloring  matter  was  not  dissolved  out,  even  in  part. 
This,  however,  is  not  the  case  ;  for  if  we  filter  the  liquor,  and  neutralize  it  with  an  acid, 
we  shall  perceive  light  flocks,  formed  of  the  resinous  substance,  united  with  the  coloring 
matter.  The  dark  color  of  the  cloth  is  to  be  ascribed  solely  to  the  property  which  lime 
possesses  of  browning  certain  vegetable  colors.  This  action  is  here  exercised  upon  the 
remaining  color  of  the  cloth. 

It  may  be  laid  down  as  a  principle,  that  the  coloring  matter  is  not  directly  soluble 
by  the  alkalis ;  but  that  it  becomes  so  only  after  having  been  for  some  time  exposed  to 
the  joint  action  of  air  and  light,  or  after  having  been  in  contact  with  chlorine.  What 
change  does  it  thereby  experience,  which  gives  it  this  solubility  ?  Experiments  made 
upon  pieces  of  cloth  placed  in  humid  oxygen,  in  dry  oxygen,  in  moist  chlorine,  and  in  dry 
chlorine,  tend  to  show  that  hydrogen  is  abstracted  by  the  atmosphere ;  for  in  these 
experiments  proofs  o[  dis-hydrogenation  appeared,  and  of  the  production  of  carbonic  acid. 
In  all  cases  of  bleaching  by  chlorine,  this  principle  combines  immediately  with  the 
hydrogen  of  the  coloring  matter,  and  forms  muriatic  acid,  while  the  carbon  is  elimi- 
nated. Undoubtedly  water  has  an  influence  upon  this  phenomenon,  since  the  bleaching 
process  is  quicker  with  the  humid  chlorine  than  with  the  dry;  but  this  liquid  seems  to 
act  here  only  mechanically,  in  condensing  the  particles  of  the  gas  into  a  solution.  We 
should  also  take  into  account  the  great  affinity  of  muriatic  acid  for  water. 

3.  The  weaver's  dressing  is  composed  of  farinaceous  matters,  which  are  usually  allowed 
to  sour  before  they  are  employed.  It  may  contain  glue,  starch,  gluten ;  which  last  is 
very  soluble  in  lime-water. 

4.  When  the  dressing  gets  dry,  the  hand-weaver  occasionally  renders  his  warp-threads 
more  pliant  by  rubbing  some  cheap  kind  of  grease  upon  them.  Hence  it  happens,  that 
the  cloth  which  has  not  been  completely  freed  from  this  fatty  matter  will  not  readily 
imbibe  water  in  the  different  bleaching  operations  ;  and  hence,  in  the  subsequent  dyeing 
or  dunging,  these  greasy  spots,  under  peculiar  circumstances,  somewhat  like  lithographic 
UoneSj  strongly  attract  the  aluminous  and  iron  mordants,  as  well  as  the  dye-stuffs,  and 


136  BLEACHING. 

occasion  stains  which  it  is  almost  impossible  to  discharge.  The  acids  act  differently 
upon  the  fatty  matters,  and  thence  remarkable  anomalies  in  bleaching  take  place.  When 
oil  is  treated  with  the  acetic  or  muriatic  acid,  or  with  aqueous  chlorine,  it  evolves  no 
gas,  as  it  does  with  the  sulphuric  and  nitric  acids,  but  it  combines  with  these  substances 
so  as  to  form  a  compound  which  cannot  be  dissolved  by  a  strong  boiling  ley  of  caustic 
soda.  Carbonic  acid  acts  in  the  same  way  with  oil.  On  the  other  hand,  when  the  oils 
and  fats  are  sufficiently  exposed  to  the  air,  they  seize  a  portion  of  its  oxygen,  and 
become  thereby  capable  of  saponification,  that  is,  very  soluble  in  the  alkalis. 

5.  When  the  hand-weaver's  grease  continues  in  contact  for  a  night  with  the  copper 
dents  of  liis  reed,  a  kind  of  cupreous  soap  is  formed,  which  is  sometimes  very  difficult  to 
remove  from  the  web.  Lime-water  does  not  dissolve  it ;  but  dilute  sulphuric  acid  carries 
off  the  metallic  oxyde,  and  liberates  the  margaric  acid,  in  a  state  ready  to  be  acted  on  by 
alkalis. 

6.  When  cloth  is  boiled  with  milk  of  lime,  the  grease  which  is  uncombined  unites 
with  that  alkaline  earth  ;  and  forms  a  calcareous  soap,  pretty  soluble  in  a  great  excess  of 
lime-water,  and  still  more  so  in  caustic  soda.  But  all  fats  and  oils,  as  well  as  the  soaps 
of  copper  and  lime,  cease  to  be  soluble  in  alkaline  leys,  when  they  have  remained  a  con- 
siderable time  upon  the  soods,  and  have  been  in  contact  with  acetic,  carbonic,  muriatic 
acids,  or  chlorine.     These  results  have  been  verified  by  experiment. 

7.  Cotton  goods  are  sometimes  much  soiled,  from  being  sewed  or  tamboured  with  dirty 
hands ;  but  they  may  be  easily  cleansed  from  this  filth  by  hot  water. 

8.  Any  ferruginous  or  earthy  matters  which  get  attached  to  the  goods  in  the  course  of 
bleaching,  are  readily  removable. 

We  are  now  prepared  to  understand  the  true  principles  of  bleaching  cotton  goods,  for 
the  most  delicate  operations  of  the  calico  printer.  . 

1.  The  first  process  is  steeping,  or  rather  boiling,  the  goods  in  water,  in  order  to  re- 
move all  the  substances  soluble  in  that  liquid. 

2.  The  next  step  is  to  wash  or  scour  the  goods  by  the  dash-wheel  or  the  stocks.  This 
is  of  great  importance  in  the  course  of  bleachins,  and  must  be  repeated  several  times;  so 
much  so,  that  in  winter,  when  the  water  of  the  dash-wheel  is  cold,  the  bleaching  is 
more  tedious  and  difficult.  Yarn  and  very  open  fabrics  do  not  much  need  the  dash- 
wheel. 

By  these  first  two  operations,  the  woven  goods  lose  about  sixteen  per  cent,  of  their 
weight,  while  they  lose  only  two  parts  out  of  five  hundred  in  all  the  rest  of  the 
bleaching. 

3.  In  the  third  place  the  calicoes  are  boiled  with  milk  of  lime,  whereby  they  are 
stripped  of  their  gluten,  and  acquire  a  portion  of  calcareous  soap.  Formerly,  and  still 
in  many  bleach-works,  the  gluten  was  got  rid  of  by  a  species  of  fermentation  of  the 
farinaceous  dressing;  but  this  method  is  liable  to  several  objections  in  reference  to  the 
iialico  printer.  1.  The  fermentative  action  extends  sometimes  to  the  goods  and  weakens 
their  texture,  especially  when  they  are  piled  up  in  a  great  heap  without  being  previously 
washed.  2.  The  spots  of  grease,  or  of  the  insoluble  soaps,  become  thereby  capable  of 
resisting  the  caustic  alkalis,  and  are  rendered  in  some  measure  indelible ;  an  effect  due 
to  the  acetic  and  carbonic  acids  generated  during  fermentalion,  and  which  will  be  easily 
understood  from  what  has  been  said  concerning  the  action  of  acids  on  fatty  substances. 
It  is  not,  therefore,  without  good  reason  that  many  practical  men  throw  some  spent  leys 
into  the  fermenting  vats,  to  neutralize  the  acids  which  are  formed.  Were  it  not  for  the 
presence  of  fat,  fermentation,  skilfully  conducted,  would  be  an  excellent  means  of  car- 
rying off  the  gluten;  and  the  steep  is  therefore  applicable  to  power-loom  goods,  which 
are  not  polluted  with  grease. 

4.  The  goods  are  now  subjected  to  a  caustic  soda  ley,  which  dissolves  out  the  soaps 
of  lime  and  copper,  as  well  as  that  portion  of  the  coloring  matter  which  is  sufficiently 
dis-hydrogenated  to  be  capable  of  combining  with  it.  This  bucking  with  ley,  wliich  is 
repeated  several  times  upon  the  OTods,  in  order  to  purge  them  completely  from  the  fatty 
matter  present  in  the  hand-loom  webs,  and  also  partially  introduced  in  the  spinning,  is 
almost  the  only  operation  to  which  yarns  for  Turkey  red  are  subjected.  After  being 
boiled  in  a  caustic  soda  ley,  they  are  passed  through  solutions  of  chloride  of  lime,  and 
afterwards  through  the  acid  steep. 

5.  When  the  goods  are  sufficiently  bucked  in  the  leys,  they  are  either  exposed  to 
chlorine,  or  laid  out  on  the  grass ;  sometimes  both  are  had  recourse  to  for  deficate  work. 
These  different  modes  of  action  have  the  same  influence  on  the  coloring  matter,  but 
they  give  rise  to  different  effects  in  reference  to  greasy  stains. 

The  goods  are  dipped  in  a  solution  of  chloride  of  lime,  which  should  be  kept  tepid 
by  means  of  steam.  Alongside  of  the  chlorine  cistern,  there  is  another  filled  with  dilute 
sulphuric  or  muriatic  acid.  When  the  goods  are  taken  out  of  the  chlorine,  they  are 
drained  on  the  top  of  it?  cistern  till  no  more  liquid  runs  off  them,  and  they  are  then 
plunged  into  the  sour.     The  action  of  the  acid    in  the  present  case  may  be  easily  ex- 
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plained.  In  proportion  as  a  salt  of  lime  is  formed,  this  base  quits  the  chlorine,  nnd  allows 
it  to  act  freely  upon  the  coloring  matter.  Thus  we  prevent  the  development  of  too  great 
a  quantity  of  chlorine  at  once,  which  would  be  apt  to  injure  the  fibres ;  and  we  pursue 
both  a  prudent  and  economical  plan.  Only  so  much  chlorine  as  is  strictly  necessary  is 
called  forth,  and  hence  it  excites  no  smell  in  the  apartment. 

The  chlorine  serves  to  acidify  the  coloring  matter,  by  abstracting  a  portion  of  its  hy- 
drogen; but  we  must  take  the  greatest  care  that  there  is  no  grease  upon  the  goods  before 
immersion  in  it,  for  the  consequence  would  be,  as  above  shown,  very  troublesome  spots. 
When  the  cloth  is  laid  out  upon  the  grass,  it  is  the  oxygen  of  the  air  which  acidifies  the 
coloring  matter ;  for  which  reason,  the  dew,  which  contains  much  air  rich  in  oxygen,  sin- 
gularly accelerates  the  bleaching  process.  It  is  likewise,  by  absorbing  oxygen  from  the 
atmosphere,  that  fats  or  oils  pass  to  the  state  of  margaric  and  oleic  acids,  and  become 
most  easily  saponified.  Should  the  goods,  however,  be  left  too  long  on  the  grass,  the  fats 
absorb  carbonic  acid,  and  become  insoluble  in  leys. 

6.  The  goods  must  now  receive  a  new  soda  ley,  to  dissolve  out  that  portion  of  the 
coloring  matter  which  has  been  dis-hydrogenated  in  the  chlorine  of  the  air,  as  well  as 
the  grease,  if  any  perchance  remained  in  the  soluble  state.  These  last  two  operations 
are  to  be  several  times  repeated,  because  the  coloring  matter  should  be  removed  only  by 
degrees,  for  fear  of  injuring  the  texture  of  the  goods,  by  subjecting  them  to  too  much 
chlorine  at  a  time. 

7.  We  finish  with  the  dilute  sulphuric  acid,  which  should  be  very  weak  and  tepid.  It 
dissolves  out  the  iron,  and  som.e  earthy  matters  occasionally  found  upon  cotton.  The 
goods  must  be  most  carefully  washed  at  the  dash-wheel,  or  in  a  stream  of  water  on  quit- 
ting the  sour  ba  h,  for  if  the  acid  were  allowed  to  dry  in  them,  it  would  infallibly  injure 
their  texture  by  its  concentration.  In  winter,  if  the  goods  are  allovved  to  get  frozen  with 
the  acid  upon  them,  they  may  likewise  be  damaged. 

We  may  here  observe,  that  when  the  goods  are  not  to  remain  white,  their  bleaching 
may  be  completed  with  a  ley  ;  for  though  it  leaves  a  faint  yellow  tint,  this  is  no  incon- 
venience to  the  dyer.  But  when  they  are  to  be  finished  with  a  starching  after  the  last 
ley,  they  must  have  another  dip  of  the  chlorine  to  render  the  white  more  perfect.  An 
immersion  in  the  dilute  acid  has  nearly  the  same  effect. 

The  principles  expounded  above  lead  to  this  important  consequence,  that  when  we 
wish  to  bleach  goods  that  are  free  from  greasy  stains,  as  is  the  case  generally  with  the 
better  kinds  of  muslins,  or  when  we  wish  to  bleach  even  greasy  goods  for  the  starch 
finish,  we  may  content  ourselves  with  the  following  operations : — 

1.  Boiling  in  water. 

2.  Scourmg  by  the  stocks  or  the  dash-wheel. 

3.  Bucking  with  milk  of  lime. 

4.  Passing  through  chlorine,  or  exposure  on  the  grass. 

5.  Bucking,  or  bouking  with  milk  of  lime.  Tliese  two  latter  operations  require  to  be 
alternated  several  times,  till  the  whole  of  the  coloi-ing  matter  be  removed. 

6.  Souring. 

The  bleaching  of  goods,  which  are  never  laid  down  on  the  green,  and  which  are  not 
dried  between  two  operations,  may  be  completed  in  a  couple  of  days.  They  answer  as 
well  for  the  printer  as  the  others,  and  they  are  as  white.  Cotton  fibres  or  yarns  suflfer 
no  diminution  of  their  strength,  when  the  cloth  has  been  properly  treated  in  the  above 
described  processes. 

Accurate  experiments  have  demonstrated  that  their  strength  is  not  impaired  by  being 
boiled  in  milk  of  lime  for  two  hours  at  the  ordinary  pressure,  provided  they  be  constantly 
kept  covered  with  liquid  during  the  whole  ebullition,  and  that  they  be  well  washed  im- 
mediately afterwards ;  or,  by  being  boiled  in  pure  water  under  the  pressure  of  ten  atmos- 
pheres of  steam;  or  by  being  boiled  under  the  same  pressure  in  a  caustic  soda  ley,  mark- 
ing 3°  of  Tweedale,  or  specific  gravity  1'015,  though  it  has  increased  to  double  the  density 
in  the  course  of  the  boil,  by  the  escape  of  the  steam  ;  or  by  being  boiled  under  the  atmos- 
pheric pressure  at  14°  of  Tweedale,  or  specific  gravity  of  1*070  ;  or  by  being  immersed 
for  eight  hours  in  chloride  of  lime,  capable  of  decoloring  three  times  its  bulk,  of  test  so- 
lution of  indigo  (See  Chlorine)  ;  and  by  being  afterwards  dipped  in  sulphuric  acid  of 
specific  gravity  1-067,  Tweedale  14°  ;  or  by  being  steeped  for  eighteen  hours  in  sulphu- 
ric or  muriatic  acid  of  specific  gravity  I -OSS,  7°  Tweedale. 

In  other  well-conducted  bleach-works  the  following  is  the  train  of  operations  : — 
1.  Cleansing  out  the  weaver's  dressing  by  steeping  the  cloth  for  twelve  hours  in  cold 
water,  and  then  washing  it  at  the  stocks  or  the  dash-wheel.  2.  Boiling  in  milk  of  lime, 
of  a  strength  suited  to  the  quality  of  the  goods,  but  for  a  shorter  time  than  with  the 
soda  ley;  two  short  operations  with  the  lime,  with  intermediate  washing,  beiuE;  prefer- 
able to  one  of  greater  duration.  3  and  4.  Two  consecutive  leys  of  ten  or  twelve  hours' 
boiling,  with  about  two  pounds  of  soda  chrystals  for  1  cwt.  of  cloth.  5.  Exposure  to 
the  air  for  six  or  eight  days,  or  the  application  of  the  chloride  of  lime  and  the  sulphuric 
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acid  6.  A  ley  of  caustic  soda,  like  the  former,  sometimes  with  less  alkali.  7.  Exposure 
to  the  air  for  six  or  eight  days,  or  chlorine  and  the  sour,  as  above.  8.  Caustic  soda  ley, 
as  before.  9.  Chlorine  and  the  sour.  10.  Rinsing  in  hot  water,  or  scouring  at  the 
dash-wheel. 

If  the  numoer  of  vessels  to  be  heated  exceeds  four  or  five,  there  is  an  economy  in 
using  steam  as  the  medium  of  heat ;  but  under  this  number  there  is  an  advantage  in 
the  direct  application  of  fire  to  a  boiling  or  bucking  apparatus;  since  when  only  two 
vessels  are  in  activity,  there  is  a  waste  of  fuel  by  the  extra  steam  power.  It  deserves  to 
be  remarked,  also,  that  the  increase  of  the  bulk  of  the  liquid  by  the  condensation  of  the 
steam,  does  not  permit  the  spent  white  ley  to  be  turned  to  use  for  the  green  goods,  on  ac- 
count of  its  excessive  dilution.  With  the  milk  of  lime  boil,  however,  this  dilution 
would  be  rather  an  advantage. 

It  has  been  found  that  the  introduction  of  bran  into  the  fermenting  steep  (when  this  is 
used)  endangers  the  texture  of  the  goods,  by  causing  a  putrefactive  fermentation  in  some 
places. 

When  in  the  milk  of  lime  boil  there  is  too  much  of  this  caustic  earth,  or  when  it  i& 
poured  in  on  the  top  of  the  goods,  they  are  apt  to  suffer  damase.  The  milk  of  lime  should 
be  introduced  from  beneath  into  the  under  compartment  of  the  bucking  apparatus.  For 
the  same  reason,  after  the  caustic  soda  ley,  the  vessel  should  be  filled  up  with  water,  if 
the  goods  be  not  immediately  transferred  to  the  dash-wheel.  When  they  are  allowed  to 
become  partially  dry  on  the  top,  they  are  easily  injured.  The  copper  of  the  bucking  ap- 
paratus ought  to  be  of  a  size  proportioned  to  that  of  the  surmounting  crib  or  vat ;  for 
when  it  is  too  small,  the  liquid  is  too  long  of  being  brought  into  proper  circulation,  and 
the  goods  may  be  meanwhile  injured.  In  a  bucking  apparatus,  which  requires  five  or  six 
hours  to  be  brought  into  full  play,  those  goods  are  very  apt  to  be  injured,  which  lie  im- 
mediately under  the  overflow  pipe. 

When  the  chloride  of  lime  steep  is  too  strong,  sometimes  small  round  holes  are  made 
in  the  calico,  just  as  if  they  had  been  cut  out  by  a  punch,  especially  in  the  borders  or 
thicker  parts  of  the  goods.  This  accident  is  owing  to  the  presence  of  bubbles  of  chlorint. 
From  the  saturated  state  of  the  liquid,  they  remain  gaseous  a  sufficient  length  of  time  for 
corroding  the  parts  of  the  cloth  with  which  they  are  in  contact.  These  will  be  obviously 
the  denser  parts,  for  they  confine  the  eras  most  completely,  or  prevent  its  diffusion  through 
the  mass.  This  evil  is  prevented  by  diluting  the  chloride  steep  to  the  proper  degree,  and 
moving  the  goods  through  it. 

The  greasy  spots,  described  above,  show  themselves  in  the  maddering  by  attracting  the 
dye-stuff  more  copiously  than  the  pure  parts  of  the  cloth,  so  as  to  mottle  it ;  they  are  also 
lecognised  in  the  white  goods  by  being  somewhat  repulsive  of  moisture.  When  the  com- 
bination of  fatty  matters  with  chlorine  takes  place  at  the  surface  of  cotton  goods,  it  is  of 
a  nature  to  resist  the  action  of  alkalis.  It  is  the  stearine,  or  the  principle  of  suet,  par- 
ticularly, which,  by  this  means,  acquires  such  a  stron?  affinity  for  cottons  ;  the  elaine,  or 
the  principle  of  oils,  has  no  such  remarkable  affinity.  Lime,  in  some  circumstances, 
seems  to  act  as  a  mordant  to  greasy  matters,  and  to  fix  them  fast.  Hence  the  weaver 
should  be  proliibited,  in  all  cases,  from  allowius  candle-grease  to  touch  his  web.  Goods 
soiled  with  it  should  never  be  allowed  to  lie  by  in  the  ware-house,  but  be  immediately 
cleansed  before  the  air  has  fixed  the  stearine  by  converting  it  into  margaric  acid.  Lime 
should,  in  these  cases,  be  prudently  employed ;  chlorine  should  never  be  used  till  the  greasy 
stains  are  thoroughly  removed;  and  the  bleacher  should  never  warrant  his  pieces  for  the 
printer  till  he  has  verified  some  of  them  by  the  water  test. 

I  shall  conclude  this  general  analysis  of  the  principles  of  bleaching  by  a  few 
precepts.  Avoid  lime,  at  the  first  ley,  for  goods  which  contain  sreasy  spots ;  but  use 
it  freely  after  one  or  two  soda  leys,  and  apply  two  soda  leys  afler  it.  Do  not  apply 
chlorine  between  these  leys,  but  reserve  it  for  the  final  operation.  By  this  plan  the 
goods  will  be  well  bleached  and  very  little  worn.  Use  the  souring  steeps  freely, 
giving  them  after  each  lej',  whether  of  lime  or  soda,  since  the  calcareous  base,  with 
which  the  greasy  spots  get  charged  merely  from  hard  water,  is  an  obstacle  to  the  further 
action  of  the  leys. 

I  shall  now  give  some  practical  instructions  concerning  the  several  steps  of  the  bleach- 
ing process,  as  applied  to  cotton,  linen,  silk,  and  wool. 

The  first  thing  which  the  cotton  bleacher  does,  is  to  mark  the  pieces  with  li.e  initials 
of  the  owner,  by  means  of  a  stamp  imbued  with  coal  tar.  The  linen  bleacher  marks 
with  nitrate  of  silver,  a  far  more  expensive  substance,  but  one  which  resists  better  the 
severer  treatment  which  his  goods  are  destined  to  undergo. 

The  cotton  goods  are  generally  singed  before  they  are  sent  to  the  bleacher,  and  this  is 
done  either  by  passing  them  rapidly  over  a  red-hot  semi-cylinder  of  iron,  or  over  a  row 
of  gas  flames,  by  Mr.  Hall's  ingenious  contrivance.  (See  Singeing.)  Each  piece  is  next 
creased  together  lengthwise  like  a  rope,  folded  into  a  bundle,  and  fixed  by  a  noose  at  the 
end.  In  this  open  state  it  is  easily  penetrated  by  the  water  of  the  soaking  cistern  into 
which  it  is  thrown.     It  is  then  scoured  by  the  dash  or  wash-wheel.     It  is  now  ready  for 
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the  bucking  or  steaming  apparatus,  where  it  is  treated  with  milk  of  lime.  The  steam 
chamber  resembles  the  bucking  vessel,  without  its  bottom  copper;  that  is  to  say,  a  few 
inches  below  the  grated  bottom  of  the  bucking  tub,  there  is  a  close  iron  sole,  through 
the  centre  of  which  the  steam  is  admitted  by  several  small  apertures,  for  the  purpose  of 
diffusing  it  throughout  the  goods,  and  causing  a  liquid  circulation  by  its  pressure,  as 
the  steam  does  in  the  proper  bucking  boiler.  One  pound  of  lime  previously  made  into 
a  cream  consistenced  mixture,  and  passed  through  a  sieve,  is  used  for  every  thirty  or  forty 
poundsof  cloth,  according  to  its  color  and  texture;  and  this  cream  mixed  with  more  water 
is  interstratified  with  the  pieces,  as  they  are  laid  regularly  in  the  vessel.  Whenever  this 
is  stocked  with  goods,  all  their  interstices  are  filled  up  with  water.  After  the  lime 
.lucking,  the  cloth  is  transferred  to  the  dash-wheel. 

A  pound  of  cloth  requires  for  its  whitening  about  half  a  pound  of  good  average 
chloride  of  lime  or  bleaching  powder,  as  it  is  commonly  called,  and  this  ought  to  be 
dissolved  in  about  three  gallons  of  water.  Mr.  Crum  of  Thorn iebank,  near  Glasgow, 
an  extensive  and  excellent  bleacher,  has  so  modified  Dr.  Dalton's  ingenious  plan  of 
testing  the  power  of  bleaching  liquors  by  green  sulphate  of  iron,  as  to  give  it  much 
greater  precision  for  the  bleacher's  use,  than  the  discoloration  of  indigo  originally  pro- 
posed by  Bertholiet.  Mr.  Crum  dissolves  lour  ounces  of  fresh  green  vitiiol  in  hot  water, 
and  then  adds  the  solution  of  bleaching  powder  by  small  quantities  at  a  time,  till  the 
iron  becomes  wholly  peroxydized,  when  the  smell  of  chlorine  will  become  perceptible. 
When  the  bleacher  has  once  found  by  trial  the  proper  blanching  power  which  his  chlorine 
steep  ought  to  have,  lie  can  verify  its  standard,  by  seeing  how  much  of  it  must  be  added 
to  an  ounce,  or  any  given  weight  of  fresh  copperas,  dissolved  in  hot  water,  to  cause  the 
peroxydizement  and  the  exhalation  of  the  peculiar  odor.  M.  Gay  Lussac's  new  method 
by  arsenious  acid  will  be  described  under  chlorine.  From  the  experiments  which  1 
made  some  years  ago,*  upon  indigo,  it  will  be  seen  that  this  dye  stuff  is  so  variable  in 
its  quantity  of  coloring  matter,  that  no  two  chemists  operating  with  it  independently, 
as  a  test  for  chloride  of  lime,  could  arrive  at  the  same  result.  They  must  provide 
themselves  with  absolute  indigo,  by  an  expensive  and  troublesome  process,  not  suited  to 
the  busy  bleacher.  The  vitriolage,  as  the  French  term  it,  or  the  souring  of  the  English 
bleacher,  consists  in  immersing  the  goods  for  four  hours  in  dilute  sulphuric  acid,  con- 
taining one  gallon  of  oil  of  vitriol  to  from  25  to  30  of  water,  thoroughly  intermixed  by 
stirring ;  for  the  density  of  the  acid  is  an  obstacle  to  its  equal  distribution  through  the 
water.  This  dilute  acid  will  have  a  density  of  from  1047  to  1-040,  and  will  contain 
from  7  to  6|  per  cent,  by  weight  of  the  oil  of  vitriol. 

The  goods  are  now  washed,  and  then  boiled  for  eight  or  nine  hours  in  an  alkaline 
ley,  containing  about  two  pounds  of  crystals  of  soda,  or  their  equivalent  in  soda  ash  or 
pearl-ash,  for  every  100  lbs.  of  cloth.  The  ley  must  be  made  previously  caustic  by 
quick  lime.  A  washing  in  the  wheel  follows  this  boil ;  and  then  a  chlorine  steep  for 
five  hours  in  a  liquor  two  thirds  of  the  strength  of  the  former.  It  is  next  soured  in  the 
dilute  sulphuric  acid,  for  two,  three,  or  four  hours,  according  to  the  color  and  quality 
of  the  cotton,  and  then  thoroughly  washed. 

The  cloth  is  now  bleached  white,  but  cannot  be  presented  in  the  market  till  it 
undergoes  certain  finishing  processes.  The  piece  is  elongated  from  the  folds  which  it 
contracts  during  the  rotation  of  the  dash-wheel  by  being  thrown  into  a  stream  of  water 
in  a  cistern,  terminated  by  the  squeezing  r.iller:^,  which  take  in  the  end  of  the  piece,  and 
run  it  through  between  them,  with  the  effect  of  making  it  nearly  dry.  Two  pieces  of 
cloth  pass  simultaneously  through  the  rollers,  and  are  disentangled  spontaneously,  so  to 
speak,  without  the  help  of  hands. 

The  squeezing  rollers  or  squeezers,  for  discharging  the  greater  part  of  the  water  from 
the  yarns  and  goods  in  the  process  of  bleaching,  are  represented  in  Jigs.  117,  118,  the 
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former  beino;  a  siJe-view,  to  show  how  the  roller  gudgeons  lie  iti  the  slots  of  Ihe  frame, 
and  how  the  shafi  of  the  upper  roller  is  pressed  downward  by  a  wei2;hted  lever,  through 
a  vertical  jiiuction  roJ,  jointed  at  the  bottom  to  a  nearly  horizontal  bar,  on  whose  end 
the  proper  weight  is  hung.  In  Jig.  118,  these  rollers  of  birch- wood  are  shown  in  face; 
the  under  one  receiving  motion  through  the  toothed  wheel  on  its  shaft,  from  any  suitable 
power  of  water  or  steam.  Upon  the  shaft  of  the  latter,  between  the  toothed  wheel  and 
the  roller,  the  lever  and  pulley  for  putting  the  machine  into  and  out  of  gear  are  visible. 
The  under  roller  makes  about  25  revolutions  in  the  minute,  in  which  time  three  pieces 
of  goods,  stitched  endwise,  measuring  28  yards  each,  may  be  run  through  the  machine, 
from  a  water  trough  on  one  side,  to  a  wooden  grating  upon  the  other. 

VVlicu  I  he  goods  are  run  through,  they  are  carried  off  upon  a  grated  wheelbarrow,  in 
a  nearly  dry  state,  and  transferred  to  the  spreading  machine,  called  at  Manchester  a 
candroij.  In  many  bleach-works,  however,  the  creased  pieces  are  pulled  straight  by  the 
hands  of  women,  and  are  then  strongly  beat  against  a  wooden  stock  to  smootli  out  the 
edges.  This  being  done,  a  number  of  pieces  are  stitched  endwise  together,  preparatory 
to  being  mangled. 

Calender. — Fig.  120  is  a  cross  section  of  this  machine,  and  Jigs.  119,  121,  are  front 
views  broken  ofl".  The  goods  are  first  rolled  upon  the  wooden  cylinder  a,  near  the 
119  120  121 


ground,-  by  the  tension  roller  b,  upon  the  same  cylinder,  the  goods  receive  a  proper 
degree  of  stretching  in  the  winding  off.  They  then  pass  over  the  spreading  bars  c  c  c, 
by  which  they  are  still  more  distended  ;  next  round  the  hollow  iron  cylinder  d,  16  inches 
diameter,  and  the  paper  cylinder  e,  of  like  dimensions ;  thence  they  proceed  under  the 
second  massive  iron  cylinder  f,  of  8  inches  diameter,  to  be  finally  wound  about  the  pro- 
jecting wooden  roller  g.  This  is  set  in  motion  by  the  pulleys  h,Jig.  121,  and  i,fig.  120, 
and  receives  its  proper  tension  from  the  hanging  roller  fe ;  /  is  a  press  cylinder,  of  14 
inches  diameter,  made  of  plane-tree  wood.  By  its  means  we  can  at  all  limes  secure  an 
equal  degree  of  pressure,  which  would  be  hardly  possible  did  the  weighted  lever  press 
immediately  upon  two  points  of  the  calender  rollers.  The  compression  exercised  by 
the  cylinders  may  be  increased  at  pleasure  by  the  bent  lever  ?«,  weights  being  applied 
to  it  at  n.  The  upper  branch  of  the  lever  o  is  made  fast  by  screws  and  bolts  at  p,  to 
the  upper  press-cylinder.  The  junction  leg  q  is  attached  to  the  intermediate  piece  r,  by 
left  and  right-handed  screws,  so  that  according  as  that  piece  is  turned  round  to  the  right 
or  the  left,  the  pressure  of  the  weighted  roller  will  be  either  increased  or  diminished.  By 
turning  it  still  more,  the  piece  will  get  detached,  the  whole  pressure  will  be  removed,  and 
the  press-roller  may  be  taken  off;  which  is  a  main  object  of  this  mechanism. 

The  unequable  movement  of  the  cylinders  is  produced  by  the  wheels  s  /  «,  of  which 
the  undermost  has  69,  the  uppermost  has  20,  and  the  carrier-wheel  /,  either  33,32,  or  20 
teeth,  according  to  the  difference  of  speed  required.  The  carrier-wheel  is  bolted  on  at 
»,  and  adjusted  in  its  proper  place  by  means  of  a  slot.  To  the  undermost  iron  cylinder, 
the  first  moiion  is  communicated  by  any  power,  for  which  purpose  either  a  rigger 
(driving  pulley)   is  applied  to  its  shaft  at  w,  or  a  crank  motion.     If  it  be  desired  to 
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operate  with  a  heated  calender,  the  undermost  hollow  cylinder  may  be  filled  with  hot 
steam,  admitted  through  a  stuffing-box  at  one  end,  and  discharged  through  a  stuffing-box 
at  the  other,  or  by  a  red-hot  iron  roller. 

Pure  staich  would  be  too  expensive  a  dressing  for  common  calico  shirtings,  and  there- 
fore an  extemporaneous  starch  is  made  by  mixing  one  pound  of  flour  with  one  gallon  of 
water,  and  allowing  the  mixture  to  ferment  in  a  warm  place  for  twenty-four  hours.  In 
this  way,  a  portion  of  lactic  acid  is  formed,  which  dissolves  the  gluten,  or  separates  it 
from  the  starch ;  so  that  when  the  whole  is  thrown  upon  a  sieve,  a  liquid  paste  passes 
through,  which,  being  boiled,  answers  well  for  stiffening  the  goods,  without  giving  them 
a  gray  tinge.  The  paste  is  thinned  with  water  to  the  desired  degree,  and  faintly  tinged 
with  solution  of  indigo.  The  starch,  which  is  sometimes  thickened  with  porcelain  clay, 
Paris  plaster,  or  Spanish  white,  is  put  into  a  trough,  and  is  evenly  imparted  to  the  cloth  as 
this  is  drawn  down  through  it,  by  the  traction  of  rollers.  There  is  a  roller  near  the 
bottom  of  the  trough,  round  which  the  cloth  is  made  to  run,  to  secure  iis  full  impregna- 
tion ;  while  the  upper  rollers  serve  to  expel  its  excess  of  the  starch,  and  throw  it  back 
into  the  cistern.     See  Starching  Apparatus. 

The  goods  are  next  dried  in  an  apartment  heated  by  two,  three,  or  more  flues,  running 
along  the  floor,  and  covered  usually  with  fire-tUes.  At  first  the  heat  is  moderate,  but  it 
is  gradually  raised  to  upwards  of  1 10°  F. 

The  goods  must  now  be  passed  again  through  the  calender,  in  order  to  receive  their 
final  smoothness  and  lustre.  They  are,  in  the  first  place,  damped  with  a  peculiar  ma- 
chine, furnished  with  a  circular  brush,  whose  points  revolve  in  contact  with  water  in  a 
trough  placed  beneath  them,  and  sprinkle  drops  of  water  upon  the  goods  as  they  are 
drawn  forward  by  a  pair  of  cylinders.  They  are  then  subjected  to  the  powerful  pressure 
of  the  calender  rollers. 

The  calendei-ed  pieces  are  neatly  folded  into  compact  parcels,  and  stamped  with  the 
marks  of  each  particular  manufacturer,  or  various  devices  to  suit  the  markets  for  which 
they  are  designed.  They  are  finally  piled  on  the  sole  of  an  hydraulic  press,  with  a  sheet 
of  pasteboard  between  each  piece;  but  with  occasional  plates  of  iron  to  secure  uniformity 
of  pressure  throughout.  When  sufficiently  condensed  by  the  press,  they  are  taken  out, 
and  despatched  to  their  respective  manufacturers  in  a  state  ready  for  sale. 

There  are  no  less  than  25  steps  in  the  bleaching  of  calicoes,  many  of  them  effi^cted 
with  expensi\'e  machinery ;  yet  the  whole  do  not  produce  to  the  bleacher  more  than  10 
pence  per  piece  of  24  yards. 

The  following  system  was  pursued,  a  few  years  back,  by  a  skilful  bleacher  of  muslins 
near  Glasgow : — 

"  In  fermenting  muslin  goods,  we  surround  them  with  our  spent  leys,  from  the  tem- 
perature of  100°  to  150°  F.,  according  to  the  weather,  and  allow  them  to  ferment  for 
36  hours.  In  boiling  112  lbs.  =  112  pieces  of  yard-wide  muslin,  we  use  6  or  7  lbs.  of 
pearl-ashes,  and  2  lbs.  of  soft  soap,  with  360  gallons  of  water,  and  allow  them  to  boil  for 
6  hours ;  then  wash  them,  and  boil  them  again  with  5  lbs.  of  pearl-ashes  and  2  lbs.  of 
soft  soap,  and  allow  them  to  boil  3  hours;  then  wash  them  with  watei,  and  immerse 
them  into  the  solution  of  oxymuriate  of  lime,  at  5  on  the  test-tube,  and  allow  tl.fm  to 
remain  from  6  to  12  hours;  next  wash  them,  and  immerse  them  into  dilute  sulphuvic  acid 
at  the  specific  gravity  of  SJ  on  Tweedale's  hydrometer  =  1-0175,  and  allow  tlem  to 
remain  an  hour.  They  are  now  well  washed,  and  boiled  with  2^  lbs.  of  pearl-a5i.es  and 
2  lbs.  of  soft  soap  for  half  an  hour  ;  afterwards  washed  and  immersed  into  tl  t  oxymu- 
riate of  lime  as  before,  at  the  strength  of  3  on  the  test-tube,  which  is  strong"---  than  the 
former,  and  allowed  to  remain  for  6  hours.  They  are  again  washed,  and  i  rmersed  in 
diluted  sulphuric  acid  at  the  specific  gravity  of  3  on  Tweedale's  hydrometer  —  1'015. 
If  the  goods  be  strong,  they  wUl  require  another  boil,  steep,  and  sour.  At  any  rate  the 
sulphuric  acid  must  be  well  washed  out  before  they  receive  the  finishing  operation  with 
starch. 

"  With  regard  to  the  lime,  which  some  use  instead  of  alkali  immediately  after  ferment- 
ing, the  same  weight  of  it  is  employed  as  of  pearl-ashes.  The  goods  are  allowed  to  boil 
in  it  for  15  minutes,  but  no  longer,  otherwise  the  lime  will  injure  the  fabric." 

More  recently  the  plan  adopted  is  as  follows ;  by  which  the  purest  whites  are  pro- 
duced for  the  London  market. 

"  Lime  is  seldom  used  for  our  finer  muslin  goods,  as  it  is  found  to  injure  their  fabric, 
and  the  colors  do  not  keep  for  any  length  of  time. 

"  An  alkaline  ley  is  made  by  boiling  equal  weights  of  lime  and  soda  together  for  an 
hour :  this  alkali  is  used  for  boiling  goods  the  same  as  potash,  but  without  soap. 

"  In  finishing  jaconets  or  muslins,  after  washing  them  from  the  sour,  they  are  run 
tnrough  spring-water  containing  a  little  fine  smalts,  which  give  them  a  clear  shade ; 
if  of  a  coarse  fabric,  a  little  well-boiled  starch  is  added  to  the  water.  From  this  they 
are  wrung  or  pressed,  and  taken  up  by  the  selvage  for  the  breadthing  frame,  and  are 
run  oflf  it  upon  a  tin  cylinder  heated  by  steam,  by  which  the  piece  is  completely  dried 
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in  15  minutes :  it  is  then  stripped  from  the  cylinder,  neatly  folded  and  pressed,  which 
finishes  the  piece  for  the  market.  From  6d.  to  9d.  per  piece  of  12  yards  is  obtained  for 
the  bleaching  and  finishing  of  those  goods. 

"  Book  muslins,  after  being  washed  from  the  sour,  are  wrung  or  pressed  ;  then  they  are 
hung  up  to  dry  in  a  heated  stove,  previous  to  being  put  into  starch,  prepared  by  boiling^ 
3  lbs.  of  it  to  every  5  gallons  of  water,  with  20  ounces  of  smalts  :  Ihey  are  wrung  out  of 
this  starch,  and  taken  to  a  room  heated  to  110°  F.;  the  starch  is  wrought  into  the  piece 
till  clear,  then  taken  into  a  cold  room,  and  the  selvages  dressed  or  set,  before  being  put 
on  the  breadthing  frame  in  the  heated  stove,  where  the  piece  is  stretched  to  its  length, 
while  three  or  four  persons  at  each  selvage  keep  the  piece  to  its  breadth.  If  a  stifl'  finish 
is  wanted,  they  keep  exactly  opposite  each  other ;  but  in  breadthing  the  piece  of  elastic, 
tliey  cross  the  piece  in  brea  hhing,  which  gives  it  a  springy  elastic  finish.  From  9d.  to 
15/.  per  piece  of  12  yards  is  obtained  for  the  bleaching  and  finishing  of  these  goods. 

'•'  Sewed  trimmings,  flounces,  and  dresses  are  run  through  spring  water  containing  fine 
smalts  with  a  little  well-boiled  starch.  They  are  then  taken  to  the  drying-stove,  where 
they  are  stented  till  dry,  wliich  finishes  the  piece  for  the  market.  From  6d.  to  8d.  per 
piece  is  obtained  for  trimmings  and  flounces,  and  from  9d.  to  Is.  for  dresses,  bleaching 
and  finishing." 

In  the  bleaching  of  cotton  cloth,  where  fixed  colors  are  previously  dyed  in  the  yarn 
before  it  is  woven  into  cloth,  such  as  the  Turkey  or  Adrianople  red,  and  its  compounds 
of  lilach  or  purple,  by  the  addition  of  iron  bases,  various  shades  of  blue  from  indigo,  together 
with  buflfand  gold  color,  tinged  with  the  oxydes  of  iron,  great  care  is  neces-ary. 

The  common  process  of  bleaching  pulicates,  into  which  permanent  colors  are  woven, 
is,  to  wash  the  dressing  or  starch  well  out  in  cold  water ;  to  boil  them  gently  in  soap, 
and,  after  again  washing,  to  immerse  them  in  a  moderately  strong  solution  of  the  oxy- 
muriate  of  potash  ;  and  this  process  is  followed  until  the  white  is  good  :  they  are  then 
soured  in  dilute  sulphuric  acid.  If  the  goods  are  attended  to  in  a  proper  manner,  the 
colors,  in  place  of  being  impaired,  will  be  found  greatly  improved,  and  to  have  acquired 
a  delicacy  of  tint  which  no  other  process  can  impart  to  them. 

Pulicates,  or  ginghams,  which  have  been  woven  along  with  yarn  which  has  been  pre- 
viously bleached,  are  first  freed  by  washing  from  the  starch  or  dressing:  they  are  then 
washed,  or  slightly  boiled  with  soap.  After  which,  they  are  completely  rinsed  in  pure 
spring  water,  and  then  soured. 

Besides  these  common  processes  for  bleaching,  another  was  some  time  ago  introduced, 
which  consisted  in  immersing  the  cotton  or  linen  goods  in  pretty  strong  solution  of  caus- 
tic alkali,  an!  afterwards  exposing  them  to  the  action  of  steam  in  a  close  vessel.  It  is 
now  generally  abandoned. 

The  cotton  or  linen  goods,  having  been  previously  cleaned  by  steeping  and  washing, 
were,  after  being  well  drained,  steeped  in  a  solution  of  caustic  alkali  of  the  specific  gravity 
of  1020.  After  the  superfluous  alkaline  ley  had  been  drained  from  them,  they  were  ar- 
ranged on  a  grating  in  a  receiver.  The  cover  was  then  placed  on  the  vessel,  and  firmly 
screwed  down ;  and  the  steam  was  admitted  by  turning  the  stopcock  of  the  pipe  which 
communicated  with  a  steam  boiler  of  the  common  construction. 

The  stains  which  come  out  upon  maddered  goods,  in  consequence  of  defective  bleach- 
ing, are  called  in  this  country  spangs.  Their  origin  is  such  as  I  have  described  above, 
as  the  following  statement  of  facts  will  show.  The  weaver  of  calicoes  receives  freiiuentJy 
a  fine  warp  so  tender  from  bad  spinning  or  bad  staple  in  the  cotton,  that  it  will  not  bear 
the  ordinary  strain  of  the  heddles,  or  friction  of  the  shuttle  and  reed,  and  he  is  obliged 
to  throw  in  as  much  weft  as  will  compensate  for  the  weakness  or  thinness  of  the  warp, 
and  make  a  good  marketable  cloth.  He  of  course  tries  to  gain  his  end  at  the  least 
expense  of  time  and  labor.  Hence,  when  his  paste  dressing  becomes  dr^-  and  stifl^",  he  has 
recourse  to  such  greasy  lubricants  as  he  can  most  cheaply  procure ;  which  are  commonly 
either  tallow  or  butter  in  a  rancid  state,  but  the  former,  being  the  lowest  priced,  is  pre- 
ferred. Accordingly,  the  weaver,  having  heated  a  lump  of  iron,  applies  it  to  a  piece  of 
tallow  held  over  the  warp  in  the  loom,  and  causes  the  melted  fat  to  drop  in  patches  upon 
the  yarns,  which  he  afterwards  spreads  more  evenly  by  his  brush.  It  is  obvious,  however, 
that  the  grease  must  be  very  irregularly  applied  in  this  way,  and  be  particularly  thick  on 
certain  spots.  This  irregularity  seldom  fails  to  appear  when  the  goods  are  bleached  or 
dyed  by  the  common  routine  of  work.  Printed  calicoes  examined  by  a  skilful  eye  will 
be  often  seen  to  be  stained  with  large  blotches  evidently  occasioned  by  this  vile  practice 
of  the  weaver.  The  ordinary  workmen  call  these  copper  stains,  believing  them  to  be 
communicated  in  the  dyeing  copper.  Such  stains  on  the  cloth  are  extremely  injurious  in 
dyeing  with  the  indigo  vat.  The  following  plan  is  adopted  by  some  Scotch  bleachers, 
with  the  effect,  it  is  said,  of  effectually  counteracting  spangs  from  grease. 

The  goods  having  been  singed  and  steeped  in  pure  water,  as  is  customary  in  common 
bleaching,  they  are  passed  through  a  pair  of  rollers  to  press  out  the  impurities  which 
have  been  loosened  by  the  steeping.     It  must  here,  however,  be  observed,  that  where  the 
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expense  of  one  extra  drying  can  be  afforded,  the  process  might  be  very  much  improved 
by  steeping  the  brown  calicoes  for  thirty  or  forty  hours  before  singeing,  because  this  would 
separate  much  of  that  impurity  which  usually  becomes  fixed  in  the  stuff  on  its  being  pass- 
ed over  the  hot  cylinders.  When  the  pieces  have  been  thus  singed,  steeped,  and  pressed, 
they  are  boiled  four  times,  ten  or  twelve  hours  at  each  time,  in  a  solution  of  caustic  pot- 
ash, of  the  specific  gravity  of  from  1-0127  to  1-0156,  washing  them  carefully  and  thorough- 
ly in  pure  water  between  each  of  these  boilings.  They  are  then  immersed  in  a  solution 
of  the  chloride  of  potash,  originally  of  the  strength  of  1-0625,  and  afterwards  reduced 
with  twenty-four  times  its  measure  with  water. 

When  the  preparation  is  good,  these  proportions  will  whiten  cotton  goods  completely  in 
eight  hours.  In  this  steep  they  are,  however,  generally  suffered  to  remain  twelve  hours. 
It  has  been  supposed  that  the  common  bleaching  liquor  (chloride  of  lime)  cannot,  without 
injury,  be  substituted  for  chloride  of  potash,  but  I  believe  this  to  be  a  mistake. 

Some  printers  take  the  pieces  from  this  solution,  and,  while  wet,  lay  them  upon  the 
grass,  and  there  expose  them  to  the  sun  and  weather  for  two  or  three  days.  They  arc 
thence  removed  to  tlie  sours,  made  of  the  specific  gravity  of  about  r0254  at  the  temper- 
ature of  110°  of  Fahrenheit.  In  bleaching  common  goods,  and  such  as  are  not  desiiined 
for  the  best  printing,  the  specific  gravity  of  the  sours  is  varied  from  that  of  1-0146  to  that 
of  r0238,  if  weighed  when  they  become  of  the  temperature  of  the  atmosphere.  In  these 
they  are  suffered  to  lie  for  five  or  six  hours,  after  which  they  are  taken  to  the  dash-wheel 
and  washed  thoroughly.  When  this  operation  is  finished,  they  are  submitted  to  four  more 
boilings  as  before,  with  a  solution  of  caustic  potash ;  taking  care  to  wash  well  between 
each  of  these  boilings.  Sometimes  pearl-ash,  made  caustic,  is  used  for  the  last  of  these 
boilings,  lest  the  sulphur,  which  always  exists  in  the  potashes  of  commerce,  should  impair 
the  whites.  They  are  next  immersed  in  the  diluted  chloride  of  potash,  of  the  strength 
before  mentioned;  after  which  they  are  well  washed  in  pure  water,  and  then  winched 
for  half  an  hour  in  common  sours.  The  last  process  is  that  of  careful  washing  in  plenty 
of  clean  water,  after  which  they  are  not  put  into  the  stove,  but  are  immediately  hung  up 
in  the  airing  sheds  to  dry  gradually.     The  water  must  be  good,  and  abundant. 

The  number  of  operations,  as  here  described,  is  great;  but  I  know  of  no  other  mode 
of  procedure  by  which  perfect  bleaching  is  so  likely  to  be  effected  at  all  times  and  in  all 
seasons,  without  disappointment.  It  must  here  be  remarked,  that,  for  the  best  purposes 
of  printing,  it  would  not  be  sufficient  to  take  goods  which  have  been  bleached  in  the 
common  way  and  finish  these  by  the  better  process ;  because  the  sulphate  of  lime  depo- 
sited in  the  cloth  by  that  operation  will  be  apt  to  spoil  them  for  madder  colors ;  at  least, 
a  printer  who  is  curious  in  his  business  would  hesitate  to  work  up  such  cloth. 

Bucking  or  Bowking. — This  is  one  of  the  most  important  operations  in  the  bleaching 
of  both  cotton  and  linen  goods.  There  are  several  methods  whereby  this  process  is  car- 
ried on ;  but  of  these  we  shall  select  only  two,  distinguishing  them  as  the  old  and  new 
method  of  bucking.  In  the  former  waj'^,  the  cloths  have  been  steeped  in  the  alkaline  ley, 
as  before  described,  and  afterwards  well  washed,  are  regularly  arranged  in  a  large  wooden 
vat,  or  kieve ;  a  boiler  of  sufficient  capacity  is  then  filled  with  caustic  alkaline  ley, 
which  is  heated  to  the  temperature  of  blood.  The  boiler  is  then  emptied  by  a  stop-cock 
upon  the  linens  in  the  kieve,  untU  they  are  covered  with  the  liquor.  After  having 
remained  on  the  cloth  for  some  time,  it  is  run  off  by  a  stop-cock,  at  the  bottom  of  the 
kieve,  into  an  iron  boiler  sunk  in  the  ground,  from  whence  it  is  raised  into  the  boiler 
by  a  pump.  The  heat  is  now  elevated  to  a  higher  temperature,  and  the  ley  again  run 
upon  the  goods  in  the  kieve ;  from  whence  it  is  returned  into  the  boiler,  as  before 
described  :  and  these  operations  are  continued,  always  increasing  the  heat,  until  the 
allvaline  ley  is  completely  saturated  Avith  the  coloring  matter  taken  from  the  cloth, 
which  is  known  by  its  having  acquired  a  completely  offensive  smell,  and  losing  its 
causticity. 

When  we  consider  the  effect  which  heated  liquids»have  upon  colored  vegetable 
matter,  we  shall  see  the  propriety  of  the  temperature  of  the  alkaline  ley  being  gradually 
increased.  Thus,  when  vegetable  substances  are  hastily  plunged  into  boiling  liquids, 
the  coloring  matter,  iii  place  of  being  extracted,  is,  by  this  higher  temperature,  fixed 
into  them.  It  is  on  this  principle  that  a  cook  acts  in  the  culinary  art,  when  the  green 
color  of  vegetables  is  intended  to  be  preserved:  in  place  of  putting  them  into  water  when 
cold,  they  are  kept  back  until  the  water  is  boiling ;  because  it  is  well  known  that,  in 
the  former  case,  the  green  color  would  be  entirely  extracted,  whereas,  when  the  vegeta- 
bles are  not  infused  until  the  water  is  boiling,  the  color  is  completely  preserved  or  fixed. 
On  the  same  principle,  when  the  temperature  of  the  alkaline  ley  is  gradually  raised,  the 
extractive  and  coloring  matter  is  more  effectually  taken  from  the  cloth ;  and  the  case  is 
reversed  when  the  ley  is  applied  at  the  boiling  temperature :  so  much  so,  that  linen 
which  has  been  so  unfortunate  as  to  meet  with  this  treatment,  can  never  be  brought  to  a 
good  white. 

When  the  alkaline  ley  is  saturated  with  coloring  matter,  it  is  run  off  as  unfit  for 
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further  use  in  this  operation;  but,  were  the  goods  to  be  instantly  taken  out  of  the 
kieve,  and  carried  to  be  washed  in  the  dash-wheel  while  hot,  a  certain  portion  of  the 
coloring  matter  would  be  again  fixed  into  them,  which  is  extremely  difficult  to 
eradicate.  In  order  to  prevent  this,  the  most  approved  bleachers  run  warm  water  upon 
the  cloih  as  soon  as  the  impure  ley  is  run  ofl":  this  combines  with  and  carries  ofi'part 
of  the  remaining  impurities.  A  stream  of  water  is  then  allowed  to  run  upon  the  cloth 
in  the  kieve,  until  it  comes  ofl"  almost  transparent.  The  goods  are  now  to  be  taken 
to  the  wash  stocks,  or  to  the  dash-wheel,  to  be  further  cleaned,  with  the  greatest 
efficacy. 

The  improved  mode  of  bowking  was  the  invention  of  Mr.  John  Laurie,  a  native  of 
Glasgow.  It  is  now  practised  by  many  bleachers  in  Lancashire,  some  on  more  perfect 
plans  than  others ;  but  we  shall  give  the  description  of  the  kind  of  apparatus  approved 
of  by  those  whose  ex]ierience  and  skill  have  rendered  them  the  most  competent 
judges. 
In  fig.  122,  A  B  c  D  is  the  wooden  kieve,  or  kier,  containing  the  cloth ;    c  e  f  d 

represents  the  cast-iron  boiler ;  g  g,  the 
pump;  g  K,  the  pipe  of  communication 
between  the  kieve  and  the  boiler.  This 
pipe  has  a  valve  on  each  of  its  extremities ; 
that  on  the  upper  extremity,  when  shut, 
prevents  the  ley  from  running  into  the 
boiler,  and  is  regulated  by  the  attendant 
by  means  of  the  rod  and  handle  g  b. 
The  valve  at  k  admits  the  ley ;  but,  open- 
ing inwards,  it  prevents  the  steam  from 
escaping  through  the  pipe  g  k.  The 
boiler  has  a  steam-light  ii'on  cover,  g  l  ; 
and  at  c  d,  in  the  Kieve,  is  a  wooden 
grating,  a  small  distance  above  the  cover 
of  the  boiler. 

At  iM  o  is  a  broad  plate  of  metal,  in 
order  to  spread  the  ley  over  the  cloth. 
It  is  hardly  necessary  to  say  that  the 
boiler  has  a  furnace,  as  usual,  for  similar 
purposes. 

^ ^  While  the  ley  is  at  a  low  temperature, 

^^ -^:s^E  the  pump  is  worked  by  the  mill  or  steam- 

engine.  When  it  is  sufficiently  heated,  the  elasticity  of  the  steam  forces  it  up  through 
the  valves  of  the  pump,  in  which  case  it  is  disjoined  from  the  moving  power. 

N  p  is  a  copper  spout,  which  is  removed  at  the  time  of  taking  the  cloth  out  of  the 
kieve. 

The  boilers  a,  fig.  123,  used  in  bleaching,  are  of  the  common  form,  having  a  stop- 
cock, H  G,  at  bottom,  for  running  off  the  waste  ley. 
They  are  commonly  made  of  cast-iron,  and  are  ca- 
pable of  containing  from  300  to  600  gallons  of  water, 
according  to  tlie  extent  of  the  business  done.  In 
order  that  the  capacity  of  the  boilers  maybe  enlarged, 
they  are  formed  so  as  to  admit  of  a  crib  of  wood, 
strongly  hooped,  or,  what  is  preferable,  of  cast-iron, 
to  be  fixed  to  the  upper  rim  or  edge  of  it.  To  keep 
the  goods  from  the  bottom,  where  the  heat  acts  most 
forcibly,  a  strong  iron  ring,  covered  with  netting 
made  of  stout  rope,  c,  is  allowed  to  rest  six  or  eight 
inches  above  the  bottom  of  the  boiler.  Four 
double  ropes  are  attached  to  the  ring  e,  for  with- 
drawing the  goods  when  sufficiently  boiled,  which 
have  each  an  eye  for  admitting  hooks  from  the 
running  tackle  of  a  crane.  Where  more  boilers 
than  one  are  employed,  the  crane  is  so  placed, 
that,  in  the  range  of  its  sweep,  it  may  withdraw  the  goods  from  any  of  them.  For  this 
purpose,  the  crane  turns  on  pivots  at  top  and  bottom ;  and  the  goods  are  raised  or  low- 
ered at  pleasure,  with  double  pulleys  and  sheaves,  by  means  of  a  cylinder  moved  by  cast- 
iron  wheels.  The  lid  is  secured  by  the  screw  bolts  d  d,  and  rings  b  b.  f  is  a  safety 
valve. 

The  efficacy  of  Laurie's  bowking  apparatus  is  remarkable.  While  the  heat  is 
gradually  rising,  a  current  of  fresh  ley  is  constantly  presented  to  the  different  surfaces 
for  saturating  the  goods,  so  as  to  increase  its  detersive  powers.     Besides,  the  manner  in 
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which  the  apparatus  is  worked,  first  by  the  water-wheel  or  steam-engine,  and  then  by  its 
intrinsic  operation,  puts  it  completely  out  of  the  power  of  servants  to  slight  the  work ; 
not  to  speak  of  the  great  saving  of  alkali,  which,  in  many  cases,  has  been  found  to 
amount  to  25  per  cent. 

A  simple  modification  of  the  bowking  apparatus  is  shown  in  figs.  124,  125,  126  ;  the 

first   being  a  vertical  section,  the 
second,  a  horizonlal  section  in  the 
line  X  of  the  first.     It  consists  oi 
two  parts :  the  upper  wide   part, 
a  a,  serves  for  the  reception  of  the 
goods,  and  the  lower  or  pot,  b,  for 
holding  the  ley ;    c  c  is  an  iron 
grating,  shown  apart  in  fig.  126. 
The  grating  has  numerous  square 
apertures    in    the    middle   of   the 
disc,  to  which  the  rising  pipe  d  is 
screwed  fast.     The  upper  cylinder 
is  formed  of  cast  iron,  or  of  sheet 
iron  well  riveted  at  the  edges  ;  or 
sometimes    of    wood,    this    being 
secured  at  its  under  edge  into  a 
groove  in  the  top  edge  of  the  ley- 
pot.     The  mouth  of  the  cylinder 
is    constructed    usually    of   sheet 
iron,     e  e  is  the  fire-grate,  whose 
upper  surface  is  shown  in  fig.  125 ; 
it  is  made  of  cast  iron,  in  three 
pieces.     The  flame  is  parted  at/,  and  passes  through 
the  two  apertures  g  g,  into  the  flues  h  h,  so  as  to  play 
round  the  pot,  as  is  visible  in  yig.  125;  and  escapes  by 
two  outlets  into    the    chimney.     The   apertures  i  i 
serve  for  occasionally  sleaning  out  the  flues  h  h,  and 
are,  at  other  times,  shut  with  an  iron  plate.     In  the 
partition  /,  which  separates  the  two  openings  g  g, 
and  the  flues  h  h,  running  round  the   pot,  there  is  a 
circular  space  at  the  point  maikeJ  with  k,fig.  125,  in 
which  the  large  pipe  for  discharging  the  waste  ley  is 
lodged.     The  upper  large  cylinder  should  be  incased 
in  wood,  with  an  intermediate  space  filled  with  saw- 
dust, to  confine  the  heat.     The  action  of  this  appa- 
rat\is  is  exactly  the  same  as  of  that  already  explained. 
Besides   the   boiling,   bucking,   and   other   appa- 
ratus above  described,  the  machinery   and   utensils 
used    in    bleaching    are    various,    according    to    the 
business    done   by    the    bleacher.     When   linen   or 
heavy  cotton  cloths  are  whitened,  and  the  business 
is  carried  on  to  a  considerable  extent,  the  machines 
are   both   complicated   and  expensive.     They   con- 
sist chiefly  of  a  water-wheel,  sufficiently  powerful 
for  giving  motion  to  the  wash-stocks,  dash-wheels, 
squeezers,   &c.,  with   any  other   operations  where 
power  is  required. 

Figs.   127,  128,  represent  a  pair  of  wash-stocks. 
A  A  are  called  the  stocks,  or  feet.     They  are  sus- 
pended on  iron  pivots  at  b,  and  receive  their  mo- 
"tUF  lion  from  wipers  on   the  revolving    shaft   c.     The 

cloth  is  laid  in  at  d,  and  by  the  alternate  strokes  of  the  feet,  and  the  curved  form  of 
the  turnhead  e,  the  cloth  is  washed  and  gradually  turned.  At  the  same  time,  an 
abundant  stream  of  water  rushes  on  the  cloth  throughout  holes  in  the  upper  part  ot 
the  turnhead.  Wash-stocks  are  much  used  in  Scotland  and  in  Ireland.  In  the  latter 
country  they  are  often  made  with  double  feet,  suspended  above  and  below  two  turnheads, 
and  wrought  with  cranks  instead  of  wipers.  Wash-stocks,  properly  constructed,  make 
from  24  to  30  strokes  per  minute. 

This  mode  of  washing  is  now  entirely  given  up  in  Lancashire,  where  a  preference  is 
given  to  what  are  called  dash-wheels  and  squeezers.  The  dash  are  small  water-wheels, 
the  inside  of  which  is  divided  into  four  compartments,  and  closed  up,  leaving  only  a  hole 
in  each  compartment  for  putting  in  the  cloth. 

10 
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There  are,  besides,  smaller  openings  for  the  free  admissioifi  and  egress  of  the  water  em- 
ployed in  cleansing.     The  cloth,  by  the  motion  of  the  -wheel,  is  raised  up  ia  one  part  of 


the  revolution  of  the  wheel ;  while,  by  its  own  Aveight,  it  falls  in  another.  This  kind  of 
motion  is  very  eflectual  in  w^ashing  the  cloth,  while,  at  the  same  time,  it  does  not  injure 
its  strength.  The  plan,  however,  where  economy  of  water  is  of  any  importance,  is  very 
objectionable ;  because  the  wheel  must  move  at  by  far  too  great  a  velocity  to  act  to  ad- 
vantage as  a  water-wheel. 

The   wash   or   dash-wheel,  now   driven   by   power   in  all   good    bleach  and    print- 
works,   is    represented    in 

129  n r~I  fig-  129,  upon  the  left  side 

in  a  back  view,  and  upon 
the  right  side  in  a  front 
view  (the  sketch  being 
halved).  Fig.  130  is  a 
ground   plan. 

a  a  is  the  washing- wheel ; 
b  b  its  shaft-ends  ;  c  c  their 
brass  bearings  or  plummer- 
blocks,  supported  upon  the 
iron  pillars  d  d.  The  frame 
is  made  of  strong  beams  of 
wood,  e  e,  bound  together 
by  cross  bars  with  mortises. 
/  /,  two  of  tiie  circular 
apertures,  each  leading  to 
a  quadrantal  compartment 
withia  the  dash-wheel.  In 
the  back  view  (the  left-hand  half  of  the  figure)  the  brass  grating  g  g,  of  a  curvilinear 
form,   is   seen,   through  which  the  jets  of  water  are  admitted  into  the  cavity  of  the 

_^ .  _^.^___^_^_,       wheel ;  h  h,  are  the  round 

~33Bj!n~  orifices,  through  which  the 

U-1-,    ^-U  K^  f^^^  water  runs  off,  as  each 

quadrant  passes  the  lower 
part  of  its  revolution  ;  i,  a 
water-pipe,  with  a  stop-cock 
for  regulating  the  washing- 
jets;  fcfr,  the  lever  for  throw- 
ing the  drivins-crab  /,  or 
coupling-box,  into  or  out 
of  gear  with  the  shaft  of  the 
wheel.  This  machine  is  so 
constructed,  that  the  water- 
cock  is  opened  or  shut  by 
the  same  leverage  which 
throws  the  wheel  into  or 
out  of  gear,  w,  a  wheel, 
fixed   upon   the  round  ex- 


Iremity  of  the  shaft  of  the  d^sh-wheel,  which  works  into  the  toothed  pinion  connected 
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with  the  prime  mover.  When  the  end  of  the  lever  fc,  whose  fork  embraces  the  coupling- 
box  upon  the  square  part  of  the  shaft,  is  pushed  forwards  or  backwards,  it  shifts  the  clutch 
into  or  out  of  gear  with  the  toothed  wheel  m.  In  the  latter  case,  this  wheel  turns  with 
its  pinion  without  afl'ecting  the  dash-wheel,  n  n,  holdfasts  fixed  upon  the  wooden  frame, 
to  which  the  boards  o  o  are  attached,  for  preventing  the  water  from  being  thrown  about 
by  the  centrifugal  force. 

The  dash-wheel  is  generally  from  6  to  7  feet  in  diameter,  about  30  inches  wide,  and  re 
quires  the  power  of  about  two  horses  to  drive  it. 

From  one  to  two  pieces  of  calico  may  be  done  at  once  in  each  quadrantal  compartment, 
in  the  course  of  8  or  10  minutes;  hence,  in  a  day  of  13  hours,  with  two  such  wheels 
1200  pieces  of  yard-wide  goods  may  be  washed. 

After  the  process  of  washing  by  the  dash-wheel,  the  water  is  expressed  from  the  cloth 
by  means  of  the  squeezers  already  described. 

Bleaching  of  Linen. — Linen  contains  much  more  coloring  matter  than  cotton.  The 
former  loses  nearly  a  ihird  of  its  weight,  while  the  latter  loses  not  more  than  a  twentieth. 
The  fibres  of  flax  possess,  in  the  natural  condition,  a  light  gray,  yellow,  or  blond  color. 
By  the  operation  of  rotting,  or,  as  it  is  commonly  called,  water-retting,  which  is  employed 
to  enable  the  textile  filaments  to  be  separated  from  the  boon,  or  woody  matter,  the  color 
becomes  darker,  and,  in  consequence  probably  of  the  putrefaction  of  the  green  matter  of 
the  bark,  the  coloiing  substance  appears.  Hence,  flax  prepared  without  rotting  is  much 
paler,  and  its  coloring  matter  may  be  in  a  great  measure  removed  by  washing  with 
soap,  leaving  the  filaments  nearly  white.  Mr.  James  Lee  obtained  a  patent  in  1812,  as 
having  discovered  that  the  process  of  steeping  and  dew-retting  is  unnecessary,  and  that 
flax  and  hemp  will  not  only  dress,  but  will  produce  an  equal  if  not  greater  quantity  of 
more  durable  fibre,  when  cleaned  in  the  dry  way.  Mr.  Lee  stated  that,  when  hemp  or 
flax  plants  are  ripe,  the  farmer  has  nothing  more  to  do  than  to  pull,  spread,  and  dry 
them  in  the  sun,  and  then  to  break  them  by  proper  machinery.  This  promising  im- 
provement has  apparently  come  to  naught,  having  been  many  years  abandoned  by  the 
patentee  himself,  though  he  was  favored  with  a  special  act  of  parliament,  which  permit- 
ted the  specification  of  his  patent  to  remain  sealed  up  for  seven  years,  contrary  to  the 
general  practice  in  such  cases. 

The  substance  which  gives  steeped  flax  its  peculiar  tint  is  insoluble  in  boiling  water, 
in  acids,  and  in  alkalis  ;  but  it  possesses  the  property  of  dissolving  in  caustic  or  carbonated 
alkaline  leys,  when  it  has  possessed  the  means  of  dehydrogenation  by  previous  exposure 
to  oxygen.  Hemp  is,  in  this  respect,  analogous  to  flax.  The  bleaching  of  both  depends 
upon  this  action  of  oxygen,  and  upon  the  removal  of  the  acidified  dye,  by  means  of  an 
alkali.  This  process  is  effected  generally  by  the  influence  of  air  in  combination  with 
light  and  moisture  acting  on  the  linen  cloth  laid  upon  the  grass :  but  chloiine  will  eflfect 
the  same  object  more  expeditiously.  In  no  case,  however,  is  it  possible  to  acidify  the 
color  completely  at  once,  but  there  must  be  many  alternate  exposures  to  oxygen  or  chlo- 
rine, and  alkali,  before  the  flax  becomes  white.  It  is  this  circumstance  alone  which  ren- 
ders the  bleaching  of  linen  an  apparently  complicated  business. 

Having  made  these  preliminary  observations  with  regard  to  the  method  of  applying  the 
alkaline  leys  used  in  bleaching  linen  cloth,  I  shall  now  bring  the  whole  into  one  point  of 
view,  by  detailing  the  connexion  of  these  processes,  as  carried  on  at  a  bleach-field,  which 
has  uniformly  been  successful  in  returning  the  cloth  of  a  good  white,  and  has  otherwise 
given  satisfaction  to  its  employers ;  and  I  shall  only  remark,  that  I  by  no  means  hold  it 
up  as  the  best  process  which  may  be  employed,  as  every  experienced  bleacher  knows  that 
processes  must  be  varied,  not  only  according  to  existing  circumstances,  but  also  according 
to  the  nature  of  the  linens  operated  upon. 

In  order  to  avoid  repetition,  where  washing  is  mentioned,  it  must  always  be  under- 
stood that  the  linen  is  taken  to  the  wash-stocks  or  dash-wheel,  and  washed  well  in  them 
for  some  hours.  This  part  of  the  work  can  never  be  overdone;  and  on  its  being  properly 
executed  between  every  part  of  the  bucking,  boilin?,  steeping  in  the  chloride  of  lime 
solution,  and  souring,  not  a  little  of  the  success  of  bleaching  depends.  By  exposure  is 
meant,  that  the  linen  cloth  is  taken  and  spread  upon  the  bleach-green  for  four,  six,  or 
eight  days,  according  as  the  routine  of  business  calls  for  the  return  of  the  cloth,  in  order 
to  undergo  further  operations. 

A  parcel  of  goods  consists  of  360  pieces  of  those  linens  which  are  called  Britannias. 
Each  piece  is  35  yards  long ;  and  they  weigh,  on  an  average,  10  lbs.  each  :  the  weight  of 
the  parcel  is,  in  consequence,  about  3600  lbs.  avoirdupois  weight.  The  linens  are  first 
■washed,  and  then  steeped  in  waste  alkaline  ley,  as  formerly  described  under  these  pro- 
cesses; they  then  undergo  the  following  operations: — 

1st,     Bucked  with  60  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 
2d,     Ditto  80  ditto  ditto      ditto  ditto. 

3d,     Ditto  90  potashes        ditto      ditto  ditto. 

4th,    Ditto  80  ditto  ditto      ditto  ditto. 
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5th,  Bucked  with  80  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 

6th,  Ditto  50  ditto  ditto         ditto  ditto. 

7th,  Ditto  70  ditto  ditto         ditto  ditto. 

8th,  Ditto  70  ditto  ditto         ditto  ditto. 

9th,  Soured  one  night  in  dilute  sulphuric  acid,  washed. 
lOih,  Bucked  with  50  lbs.  pearl-ashes,  washed,  exposed  on  the  field, 
nth.  Immersed  in  the  chloride  of  potash  or  lime  12  hours. 
12lh,  Boiled  with  30  lbs.  pearl-ashes,  washed,  exposed  on  the  field. 
13th,  Ditto  30  ditto  ditto         ditto  ditto. 

14th,  Soured,  washed. 
The  linens  are  then  taken  to  the  rubbing-board,  and  well  rubbed  with  a  strong  lather 
of  black  soap,  after  which  they  are  well  washed  in  pure  spring  water.  At  this  period 
they  are  carefully  examined,  and  those  which  are  fully  bleached  are  laid  aside  to  be 
blued,  and  made  up  for  the  market;  while  those  which  are  not  fully  white  are  returned 
to  be  boiled,  and  steeped  in  the  cliloride  of  lime  or  potash;  then  soured,  until  they  are 
fully  white. 

By  the  above  process,  690  lbs.  weight  of  alkali  is  taken  to  bleach  360  pieces  of  linen, 
each  piece  consisting  of  35  yards  in  length;  so  that  the  expenditure  of  alkali  would  be 
'somewhat  less  than  2  lbs.  for  each  piece,  were  it  not  that  some  parts  of  the  linens  are 
not  fully  whitened,  as  above  noted.  Two  pounds  of  alkali  may  therefore  be  staled  as  the 
average  quantity  employed  for  bleaching  each  piece  of  goods. 

The  method  of  bleaching  linens  in  Ireland  is  similar  to  the  foregoing;  any  alteration  in 
the  process  depending  upon  the  judgment  of  the  bleacher  in  increasing  or  diminishing  the 
quantity  of  alkali  used.  But  it  is  common,  at  most  bleach-fields,  to  steep  the  linens  in  the 
chloride  of  lime  or  potash  at  an  early  stage  of  the  process,  or  after  the  goods  have  under- 
gone the  fifth  or  sixth  operation  of  bucking.  By  this  means  those  parts  of  the  flax  which 
are  most  ditficult  to  bleach  are  more  easily  acted  upon  by  the  alkali ;  and,  as  before  noticed, 
souring  early  in  very  dilute  sulphuric  acid,  assists  greatly  in  forwarding  the  whitening  of 
the  linens.  Mr.  Grimshaw,  calico-printer,  near  Belfast,  was  the  first  who  recommended 
early  souring,  which  has  since  been  very  generally  adopted. 

The  bleaching  of  Silk — Silk  in  its  raw  state,  as  spun  by  the  worm,  is  either  white  or 
yellow  of  various  shades,  and  is  covered  with  a  varnish,  which  gives  it  stiffness  and  a 
degree  of  elasticity.  For  the  greater  number  of  purposes  to  which  silk  is  applied,  it 
must  be  deprived  of  this  native  covering,  which  was  long  considered  to  be  a  soit  of  gum. 
The  operation  by  which  this  coloring  matter  is  removed  is  called  scouring,  cleansing, 
or  boiling.  A  great  many  difi"erent  processes  have  been  proposed  for  freeins  the  silk 
fibres  from  all  foreign  impurities,  and  for  giving  it  the  utmost  whiteness,  lustre,  and 
pliancy ;  but  none  of  the  new  plans  has  superseded,  with  any  advantage,  the  one  prac- 
tised of  old,  which  consists  essentially  in  steeping  the  silk  in  a  warm  solution  of  soap;  a 
circumstance  placed  beyond  all  doubt  by  the  interesting  experiments  of  M.  Roard. 
The  alkalis,  or  alkaline  salts,  act  in  a  marked  manner  upon  the  varnish  of  silk,  and  effect 
its  complete  solution;  the  prolonged  agency  of  boiling  water,  alone  answers  the  same 
purpose ;  but  nothing  agrees  so  well  with  the  nature  of  silk,  and  preserves  its  brilliancy 
and  suppleness  so  perfectly,  as  a  rapid  boil  with  soap-water.  It  would  appear,  however, 
that  the  Chinese  do  not  employ  this  method,  but  something  that  is  preferable.  Probably 
the  superior  beauty  of  their  white  silk  may  be  owing  to  the  superiority  of  the  raw  ma- 
terial. 

The  most  ancient  method  of  scouring  silk  consists  of  three  operations.  For  the  first, 
or  the  ungumming,  thirty  per  cent,  of  soap  is  first  of  all  dissolved  in  clean  river  water  by 
a  boiling  heat ;  then  the  temperature  is  lowered  by  the  addition  of  a  little  cold  water, 
by  withdrawing  the  fire,  or  at  least  by  damping  it.  The  hanks  of  silk,  suspended 
upon  hoiizontal  poles  over  the  boiler,  are  now  plunged  into  the  soapy  solution,  kept  at 
a  heal  somewhat  under  ebullition,  which  is  an  essential  point;  for  if  hotter,  the  soap 
would  attack  the  substance  of  the  silk,  and  not  only  dissolve  a  portion  of  it,  but  deprive 
the  whole  of  its  lustre.  The  portions  of  the  hanks  plunged  in  the  bath  get  scoured  by 
degrees ;  the  varnish  and  the  coloring  matter  come  away,  and  the  silk  assumes  its  proper 
whiteness  and  pliancy.  Whenever  this  point  is  attained,  the  hanks  are  turned  round  upon 
the  poles,  so  that  the  portion  formerly  in  the  air  may  be  also  subjected  to  the  bath.  As 
soon  as  the  whole  is  completely  ungummed,  they  are  taken  out,  wrung  by  the  peg,  and 
shaken  out;  after  which,  the  next  step,  called  the  fcoi'/,  is  commenced.  Into  bags  of  coarse 
canvass,  called  pockets,  about  25  lbs.  or  35  lbs.  of  ungummed  silk  are  enclosed,  and  put 
into  a  similar  bath  with  the  preceding,  but  with  a  smaller  proportion  of  soap,  which  may 
therefore  be  raised  to  the  boiling  point  without  any  danger  of  destroying  the  silk.  The 
ebullition  is  to  be  kept  up  fur  an  hour  and  a  half,  during  which  time  the  bags  must  be 
frequently  stirred,  lest  those  near  the  bottom  should  sutler  an  undue  degree  of  heat.  The 
Bilk  experiences  in  these  two  operations  a  loss  of  about  25  per  cent,  of  its  weight. 
The  third  and  last  scouring  operation  is  intended  to  give  the  silk  a  slight  tinge,  which 
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renders  the  white  more  agreeable,  and  better  adapted  to  its  various  uses  in  trade.  In 
this  way  we  distinguish  the  China  white,  which  has  a  faint  cast  of  red,  the  silver  white, 
the  azure  white,  and  the  thread  white.  To  produce  these  diflerent  shades,  we  begin  by 
preparing  a  soap-water  so  strong  as  to  lather  by  agitation  ;  we  then  add  to  it,  for  the 
China  white,  a  little  annotto,  mixing  it  carefully  in ;  and  then  passing  the  silk  properly 
through  it,  till  it  has  acquired  the  wished  for  tint.  As  to  the  other  shades,  we  need  only 
azure  them  more  or  less  with  a  fine  indigo,  which  has  been  previously  washed  several 
times  in  hot  water,  and  reduced  to  powder  in  a  mortar.  It  is  then  diffused  through 
boiling  water,  allowed  to  settle  for  a  few  minutes,  and  the  supernatant  liquid,  which 
contains  only  the  finer  particles,  is  added  to  the  soap  bath  in  such  proportion  as  may  be 
requisite.  The  silk,  on  being  taken  out  of  this  bath,  must  be  wrung  well,  and  stretched 
upon  perches  to  dry;  after  which  it  is  introduced  into  the  sulphuring  chamber,  if  it  is 
to  be  made  use  of  in  the  white  state.  At  Lyons,  however,  no  soap  is  employed  at  the 
third  operation :  after  the  boil,  the  silk  is  washed,  sulphured,  and  azured,  by  passing 
through  very  clear  river  water  properly  blued. 

The  silks  intended  for  the  manufacture  of  blonds  and  gauzes  are  not  subjected  to  the 
ordinary  scouring  process,  because  it  is  essential,  in  these  cases,  for  them  to  preserve  their 
natural  stiffness.  We  must  therefore  select  the  raw  silk  of  China,  or  the  whitest  raw 
silks  of  other  countries ;  steep  them,  rinse  them  in  a  bath  of  pure  water,  or  in  one  con- 
taining a  little  soap  ;  wring  them,  expose  them  to  the  vapor  of  sulphur,  and  then  pass 
them  through  the  azure  water.     Sometimes  this  process  is  repeated. 

Before  the  memoir  of  M.  Roard  appeared,  extremely  vague  ideas  were  entertained 
about  the  composition  of  the  native  varnish  of  silk.  He  has  shown  that  this  substance, 
so  far  from  being  of  a  gummy  nature,  as  had  been  believed,  may  be  rather  compared  to 
bees'  wax,  with  a  species  of  oil,  and  a  coloring  matter,  which  exists  only  in  raw  silks. 
It  is  contained  in  them  to  the  amount  of  from  23  to  24  per  cent.,  and  forms  the  portion 
of  weight  which  is  lost  in  the  ungumming.  It  possesses,  however,  some  of  the  properties 
of  vegetable  gums,  though  it  differs  essentially  as  to  others.  In  a  dry  mass,  it.  is  friable 
and  has  a  vitreous  fracture;  it  is  soluble  in  water,  and  affords  a  solution  which  lathers 
like  soap;  but  when  thrown  upon  burning  coals,  it  does  not  soften  like  gum,  but  burns 
with  the  exhalation  of  a  fetid  odor.  Its  solution,  when  left  exposed  to  the  open  air,  at 
first  of  a  golden  yellow,  becomes  soon  greenish,  and  ere  long  putrefies,  as  a  solution  of 
animal  matter  would  do  'n  similar  circumstances.  M.  Roard  assures  us  that  the  city  of 
Lyons  alone  could  furniih  several  thousand  quintals  of  this  substance  per  annum,  were  it 
applicable  to  any  useful  purpose. 

The  yellow  varnish  is  of  a  resinous  nature,  altogether  insoluble  in  water,  very  soluble 
in  alcohol,  and  contains  a  little  volatile  oil,  which  gives  it  a  rank  smeU.  The  color  of 
this  resin  is  easily  dissipated,  either  by  exposure  to  the  sun  or  by  the  action  of  chlorine : 
it  forms  about  one  fifty-fifth  of  its  weight. 

Bees'  wax  exists  also  in  all  the  sorts  of  sUlf,  even  in  that  of  China ;  but  the  whiter  the 
filaments,  the  less  wax  do  they  contain. 

M.  Roard  has  observed  that,  if  the  silk  be  exposed  to  the  soap  baths  for  some  time  after 
it  has  been  stripped  of  its  foreign  matters,  it  begins  to  lose  body,  and  has  its  valuable 
qualities  impaired.  It  becomes  dull,  stiff",  and  colored  in  consequence  of  the  solution 
more  or  less  considerable  of  its  substance  ;  a  solution  which  takes  place  in  all  liquids, 
and  even  in  boiling  water.  It  is  for  this  reason  that  silks  cannot  be  alumed  with  heat ; 
and  that  they  lose  some  of  their  lustre  in  being  dyed  brown,  a  color  which  requires  a 
boiling  hot  bath.  The  best  mode,  therefore,  of  avoiding  these  inconveniences,  is  to  boil 
the  silks  in  the  soap-bath  no  longer  than  is  absolutely  necessary  for  the  scouring  process, 
and  to  expose  them  in  the  various  dyeing  operations  to  as  moderate  temperature  as  may 
be  requisite  to  communicate  the  color.  When  silks  are  to  be  dyed,  much  less  soap 
should  be  used  in  the  cleansing,  and  very  little  for  the  dark  colors.  According  to  M. 
Roard,  raw  silks,  white  or  yellow,  may  be  completely  scoured  in  one  hour,  with  15  lbs. 
of  water  for  one  of  silk,  and  a  suitable  proportion  of  soap.  The  soap  and  the  silk  should 
be  put  into  the  bath  half  an  hour  before  its  ebullition,  and  the  latter  should  be  turned 
about  frequently.  The  dull  silks,  in  which  the  varnish  has  already  undergone  some  al- 
teration, never  acquire  a  fine  white  until  they  are  exposed  to  sulphureous  acid  gas.  Ex- 
posure to  light  has  also  a  very  good  effect  in  whitening  silks,  and  is  had  recourse  to,  it  is 
said,  with  advantage  by  the  Chinese. 

Carbonate  of  soda  has  been  proposed  to  be  used  instead  of  soap  in  scouring  silk, 
but  it  has  never  come  into  use.  The  Abbe  Collomb,  in  1785,  scoured  silk  by  eight 
hours'  boiling  in  simple  water,  and  he  found  the  silks  bleached  in  this  way  to  be 
stronger  than  by  soap,  but  they  are  not  nearly  so  white.  A  patent  has  been  taken  out 
in  England  for  bleaching  them  by  steam,  of  which  an  account  will  be  found  under  the 
article  Silk. 

It  appears  that  the  Chinese  do  not  use  soap  in  producing  those  fine  white  silks  which 
are  imported  into  Europe.     Michel  de  Grubbens,  who  resided  long  at  Canton,  saw  and 
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practised  himself  the  operation  there,  which  he  published  in  the  Memoirs  of  the 
Academy  of  Stockholm  in  1803.  It  consists  in  preparing  the  silk  with  a  species  of 
while  beans,  smaller  than  the  Turkey  beans,  with  some  wheat  flour,  common  salt,  and 
water.  The  proportions  are  5  parts  of  beans,  5  of  salt,  6  of  flour,  and  25  of  water,  to 
form  this  vegetable  bath.  The  beans  must  be  previously  washed.  It  is  diflicult  to  dis- 
cover what  chemical  action  can  occur  between  that  decoction  and  the  varnish  of  raw 
silk ;  possibly  some  acid  may  be  developed,  which  may  soften  the  gummy  matter,  and 
facilitate  its  separation. 

Baume  contrived  a  process  which  does  not  appear  to  have  received  the  sanction  of 
experience,  but  whicli  may  put  us  in  the  right  way.  He  macerates  the  yellow  raw  silk 
in  a  mixture  of  alcohol  at  36°  (sp.  gr.  0837)  and  one  thirty-second  part  of  pure  muriatic 
acid.  At  the  end  of  forty-eight  hours,  it  is  as  white  as  possible,  and  the  more  so,  the 
better  the  quality  of  the  sill<.  The  loss  which  it  suffers  in  this  menstruum  is  only  one 
fortieth ;  showing  that  nothing  but  the  coloring  matter  is  abstracted.  The  expense  of 
this  menstruum  is  the  great  obstacle  to  Baume's  process.  The  alcohol,  however,  might 
be  in  a  very  great  measure  recovered,  by  saturating  the  acid  with  challc,  and  re- 
distillation. 

Bleaching  of  Wool. — Wool,  like  the  preceding  fibrous  matter,  is  covered  with  a  pe- 
culiar vainish,  which  impairs  its  qualities,  and  prevents  it  from  being  employed  in  the 
raw  state  for  the  purposes  to  which  it  is  well  adapted  when  it  is  scoured.  The  English 
give  the  name  yolk,  and  the  French  mint,  to  that  native  coat :  it  is  a  fatty  unctuous  mat- 
ter, of  a  strong  smell,  which  apparently  has  its  chief  origin  in  the  cutaneous  perspiration 
of  the  sheep ;  but  which,  by  the  agency  of  external  bodies,  may  have  undergone  some 
changes  which  modify  its  constitution.  It  results  from  the  experiments  of  M.  Vauque- 
lin,  that  the  yolk  is  composed  of  several  substances ;  namely,  1,  a  soap  with  basis  of 
potash,  which  constitutes  the  greater  part  of  it;  2,  of  a  notable  quantity  of  acetate  of 
potash  ;  3,  of  a  small  quantity  of  carbonate,  and  a  trace  of  muriate,  of  potash ;  4,  of  a 
little  lime  in  an  imknown  state  of  combination;  5,  of  a  species  of  sebaceous  matter, 
and  an  animal  substance  to  which  the  odor  is  due.  There  are  several  other  accidental 
matters  present  on  sheeps'  wool. 

The  proportion  of  yolk  is  variable  in  difl'erent  kinds  of  wool,  but  in  general  it  is  more 
abundant  the  finer  the  staple  ;  the  loss  by  scouring  being  45  per  cent,  for  the  finest  wools, 
and  35  per  cent,  for  the  coarse. 

The  yolk,  on  account  of  its  soapy  nature,  dissolves  readily  in  water,  with  the  ex- 
ception of  a  little  free  fatty  matter,  which  easily  separates  from  the  filaments,  and  re- 
mains floating  in  the  liquor.  It  would  thence  appear  sufficient  to  expose  the  wools  to 
simple  washing  in  a  stream  of  water;  yet  experience  shows  that  this  method  never  an- 
swers so  well  as  that  usually  adopted,  which  consists  in  steeping  the  wool  for  some  time 
in  simple  warm  water,  or  in  warm  water  mixed  with  a  fourth  of  stale  urine.  From  15 
to  20  minutes  of  contact  are  sufficient  in  this  case,  if  we  heat  the  bath  as  warm  as  the 
hand  can  bear  it,  and  stir  it  well  with  a  rod.  At  the  end  of  this  time  the  wool  may  be 
taken  out,  set  to  drain,  then  placed  in  large  baskets,  in  order  to  be  completely  rinsed  in 
a  stream  of  water. 

It  is  generally  supposed  that  putrid  urine  acts  on  the  wool  by  the  ammonia  which  it 
contains,  and  that  this  serves  to  saponify  the  remainder  of  the  fatty  matter  not  combined 
with  the  potash.  M.  Vauquelin  is  not  of  this  opinion,  because  he  found  that  wool  steeped 
in  water,  with  sal  ammoniac  and  quick  lime,  is  not  better  scoured  than  an  equal  quantity 
of  wool  treated  with  mere  water.  He  was  hence  led  to  conclude  that  the  good  effects  of 
putrefied  urine  might  be  ascribed  to  anything  else  besides  the  ammonia,  and  probably  to 
the  urea.  Fresh  urine  contains  a  free  acid,  which,  by  decomposing  the  potash  soap  of 
the  yolk,  counteracts  the  scouring  operation. 

If  wools  are  better  scoured  in  a  small  quantity  of  water  than  in  a  great  stream,  we 
can  conceive  that  this  ciicumstance  must  depend  upon  tlie  nature  of  the  yolk,  which,  in 
a  concentrated  solution,  acts  like  a  saponaceous  compound,  and  thus  contributes  to  re- 
move the  free  fatty  particles  which  adhere  to  the  filaments.  It  should  also  be  observed 
that  too  long  a  continuance  of  the  wool  in  the  yolk  water,  hurts  its  quality  very  much, 
by  weakening  its  cohesion,  causing  the  filaments  to  swell,  and  even  to  split.  It  is  said 
then  to  have  lost  its  nerve.  Another  circumstance  in  the  scouring  of  wool,  that  should 
always  be  attended  to,  is  never  to  work  the  filaments  together  to  such  a  degree  as  to  oc- 
casion their  felting ;  but  in  agitating  we  must  merely  push  them  slowly  round  in  the 
vessel,  or  press  them  gently  under  the  feet.  Were  it  at  all  felled,  it  would  neither  card 
nor  spin  well 

As  the  heat  of  boiling  water  is  apt  to  decompose  woollen  fibres,  we  should  be  careful 
never  to  raise  the  temperature  of  the  scouring  bath  to  near  this  point,  nor,  in  fact,  to  ex- 
ceed 140°  F.  Some  authors  recommend  the  use  of  alkaline  or  soapy  baths  for  scouring 
wool,  but  practical  people  do  not  deviate  from  the  method  above  described.  _ 

When  the  washing  is  completed,  all  the  wool  which  is  to  be  sent  white  into  the  mar- 
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ket,  must  be  exposed  to  the  action  of  sulphurous  acid,  either  in  a  liquid  or  a  gaseous 
state.  In  the  latter  case,  sulphur  is  burned  in  a  close  chamber,  in  which  the  wools  are 
hung  up  or  spread  out ;  in  the  former,  the  wools  are  plunged  into  water,  moderately 
impregnated  with  the  acid.  (See  Sulphuring.)  Exposure  on  the  grass  may  also  con- 
tribute to  the  bleaching  of  wool.  Some  fraudulent  dealers  are  accused  of  dipping  wools 
in  butter-milk,  or  chalk  and  water,  in  order  to  whiten  them  and  increase  their  weight. 

Wool  is  sometimes  whitened  in  the  fleece,  and  sometimes  in  the  state  of  yarn ;  the 
latter  affording  the  best  means  of  operating.  It  has  been  observed  that  the  wool  cut 
from  certain  parts  of  the  sheep,  especially  from  the  groins,  never  bleaches  well. 

After  sulphuring,  the  wool  has  a  harsh  crispy  feel,  which  may  be  removed  by  a  weak 
soap  bath.  To  this  also  the  wool  comber  has  recourse  when  he  wishes  to  cleanse  and 
whiten  his  wools  to  the  utmost.  He  generally  uses  a  soft  or  potash  soap,  and  after  the 
wool  is  well  soaked  in  the  warm  soap  bath,  with  gentle  pressure  he  wrings  it  well  with 
the  help  of  a  hook,  fixed  at  the  end  of  his  washing  tub,  and  hangs  it  up  to  dry. 

Bleaching  of  rags;  and  paste  for  paper  making.  —  After  the  rags  are  reduced  to  what  is 
called  half  stufl",  they  should  have  the  greater  part  of  the  floating  water  run  off,  leaving 
just  enough  to  form  a  stir-about  mass.  Into  this  a  clear  solution  of  chloride  of  lime 
should  be  poured,  of  such  a  strength  as  is  suited  to  the  color  of  the  rags,  which  should 
have  been  previously  sorted;  and  the  engine  is  kept  going  so  as  to  churn  the  rags 
with  the  bleaching  agent.  After  an  hour,  the  water  may  be  returned  upon  the  engine, 
and  the  washing  of  the  paper  resumed.  From  two  to  four  pounds  of  good  chloride  of 
lime  are  reckoned  sufficient  to  bleach  one  hundred  weight  of  rags. 

When  the  rags  consist  of  dyed  or  printed  cottons,  after  being  well  washed  and  re- 
duced to  half  stuff,  they  should  be  put  into  a  large  cask  or  butt,  supported  horizontally 
by  iron  axles  upon  cradle  bearings,  so  that  it  may  be  made  to  revolve  like  a  barrel- 
churn.  For  each  hundred  weight  of  the  colored  rags,  take  a  solution  containing  from 
four  to  eight  pounds  of  chloride  of  lime ;  add  it  to  the  liquid  mixture  in  the  butt  along 
with  half  a  pouml  of  sulphuric  acid  for  every  pound  of  the  chloride;  and  after  inserting 
the  bung,  or  rather  the  square  valve,  set  the  vessel  in  slow  revolution  backwards  and  for- 
wards. In  a  short  time  the  rags  will  be  colorless.  The  rags  and  paper  paste  ought 
to  be  very  well  washed,  to  expel  all  the  chlorine,  and  perhaps  a  little  muriatic  acid 
might  be  used  with  advantage  to  dissolve  out  all  the  calcareous  matter,  a  portion  of 
which  is  apt  to  remain  in  the  paper,  and  to  operate  injuriously  upon  both  the  pens  and 
the  ink.  Some  of  the  French  paper  manufacturers  bleach  the  paste  with  chlorine  gas. 
Paper  prepared  from  such  paste,  well  washed,  is  not  apt  to  give  a  brown  tint  to  maps,  as 
that  carelessly  bleached  with  chloride  of  lime  is  known  to  do. 

BLENDE.  {Fr.  and  Germ.)  Sulphuret  of  zinc,  so  named  from  the  German  blenden, 
10  dazzle,  on  account  of  its  glistening  aspect.  It  is  called  black  jack  from  its  usual 
color.  Its  lustre  is  pearly  adamantine.  Spec,  gravity  from  3-7  to  4*2.  It  contains 
frequently  iron,  copper,  arsenic,  cadmium,  and  silver,  all  associated  with  sulphur.  It  is 
worked  up  partly  into  metallic  zinc,  and  partly  into  the  sulphate  of  zinc,  or  white  vitriol. 
It  consists  of  66'72  zinc,  and  33-28  sulphur ;  being  nearly  by  weight  as  two  to  one. 
See  Zinc. 

BLOCK  MANUFACTURE.  Though  the  making  of  ships'  blocks  belongs  rather 
to  a  dictionary  of  engineering  than  of  manufactures,  it  may  be  expected  that  I  should 
give  some  account  of  the  automatic  machinery  for  making  blocks  so  admirably  devised 
and  mounted  by  M.  I.  Brunei,  Esq.  for  the  British  navy,  in  the  dock-yard  of  Portsmouth. 

The  series  of  machines  and  operations  are  as  follows :  — 

1.  The  straight  cross-cutting  saw. — The  log  is  placed  horizontally  on  a  very  low  bench, 
which  is  continued  through  the  window  of  the  mill  into  the  yard.  The  saw  is  exactly 
over  the  place  where  the  log  is  to  be  divided.  It  is  let  down,  and  suffered  to  rest  with 
its  teeth  upon  the  log,  the  back  still  being  in  the  cleft  of  the  guide.  The  crank  being 
set  in  motion,  the  saw  reciprocates  backwards  and  forwards  with  exactly  the  same  motion 
as  if  worked  by  a  carpenter,  and  quickly  cuts  through  the  tree.  When  it  first  begins  to 
cut,  its  back  is  in  the  cleft  in  the  guide,  and  this  causes  it  to  move  in  a  straight  line; 
but  before  it  gets  out  of  the  guide,  it  is  so  deep  in  the  wood  as  to  guide  itself :  for  in 
cutting  across  the  grain  of  the  wood,  it  has  no  tendency  to  be  diverted  from  its  true  line 
by  the  irregular  grain.  When  the  saw  has  descended  through  the  tree,  its  handle  is 
caught  in  a  fixed  stop,  to  prevent  its  cutting  the  bench.  The  machine  is  thrown  out  of 
gear,  the  attendant  lifts  up  the  saw  by  a  rope,  removes  the  block  cut  off,  and  advances 
the  tree  to  receive  a  fresh  cut. 

2.  The  circular  cross-cutting  saw. — This  saw  possesses  universal  motion ;  but  the  axis 
is  always  parallel  to  itself,  and  the  saw  in  the  same  plane.  It  can  be  readily  raised  or 
lowered,  by  inclining  the  upper  frame  on  its  axis ;  and  to  move  it  sidewise,  the  saw  frame 
must  swing  sidewise  on  its  joints,  which  connect  it  with  the  upper  frame.  These  move- 
ments are  effected  by  two  winches,  each  furnished  with  a  pair  of  equal  pinions,  working , 
a  pair  of  racks  fixed  upon  two  long  poles.     The  spindles  of  these  winches  are  fixed  in  two 
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vertical  posts,  which  support  the  axis  of  the  upper  frame.  One  of  these  pairs  of  poles  is 
jointed  to  the  extreme  end  of  the  upper  frame ;  therefore  by  turning  the  handle  belong- 
ing to  them,  the  frame  and  saw  is  elevated  or  depressed  ;  in  like  manner,  the  other  pair 
is  attached  to  the  lower  part  of  the  saw  frame,  so  that  the  saw  can  be  moved  sidewise  by 
means  of  their  handles,  which  then  swing  the  saw  from  its  vertical  position. 

These  two  handles  give  the  attendant  a  complete  command  of  the  saw,  which  we 
suppose  to  be  in  rapid  motion,  the  tree  being  brought  forward  and  properly  fixed.  By 
one  handle,  he  draws  the  saw  against  one  side  of  the  tree,  which  is  thus  cut  into  (perhaps 
half  through) ;  now,  by  the  other  handle,  he  raises  the  saw  up,  and  by  the  first-mentioned 
handle  he  draws  it  across  the  top  of  the  tree,  and  cuts  it  half  through  from  the  upper 
side  ;  he  then  depresses  the  saw  and  cuts  half  through  from  the  next  side ;  and  lastly  a 
trifling  cut  of  the  saw,  at  the  lower  side,  completely  divides  the  tree,  whicli  is  then  ad- 
vanced to  take  another  cut. 

The  great  reciprocating  saw  is  on  the  same  principle  as  the  saw-mill  in  com.mon  use  in 
America. 

3.  The  circular  ripping  saw  is  a  thin  circular  plate  of  steel,  with  teeth  simitar  to  those 
of  a  pit  saw,  formed  in  its  periphery.  It  is  fixed  to  a  spindle  placed  horizontally,  at  a 
small  distance  beneath  the  surface  of  a  bench  or  table,  so  that  the  saw  projects  through 
a  crevice  a  few  inches  above  the  bench.  The  spindle,  being  supported  in  proper  collars, 
has  a  rapid  rotatory  motion  communicated  to  it  by  a  pulley  on  the  opposite  end,  round 
which  an  endless  strap  is  passed  from  a  drum  placed  overhead  in  the  mill.  The  block 
cut  by  the  preceding  machine,  from  the  end  of  the  tree,  is  placed  with  one  of  the  sides 
flat  upon  the  bench,  and  thus  slides  forward  against  the  revolving  saw,  which  cuts  the 
wood  with  a  rapidity  incredible  to  any  one  who  has  not  seen  these  or  similar  machines. 

4.  Boring  machine. — The  blocks,  prepared  by  the  foregoing  saws,  are  placed  in  the 
machine  represented  in  fig.  131.     This  machine  has  an  iron  frame,  a  a,  with  three  legs, 

131 


beneath  which  the  block  is  introduced,  and  the  screw  near  b  being  forced  down  upon  it, 
confines  it  precisely  in  the  proper  spot  to  receive  the  borers  d  and  e.  This  spot  is  de- 
termined by  a  piece  of  metal  fixed  perpendicularly  just  beneath  the  point  of  the  borer  e, 
shown  separately  on  the  ground  at  x;  this  piece  of  metal  adjusts  the  position  for  the 
borer  r,  and  its  height  is  regulated  by  resting  on  the  head  of  the  screw  x,  which  fastens 
the  piece  x  down  to  the  frame.  The  sides  of  the  block  are  kept  in  a  parallel  position,  by 
being  applied  against  the  heads  of  three  screws  tapped  into  the  double  leg  of  the  frame 
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A.  The  borer  d  is  adapted  to  bore  the  hole  for  the  centre  pin  in  a  direction  exactly  per- 
pendicular to  the  surface  resting  against  the  three  screws;  the  other,  at  e,  perfoi'ates  the 
holes  for  the  commencement  of  the  sheave  holes.  Both  borers  are  constructed  in  nearly 
the  same  manner ;  they  are  screwed  upon  the  ends  of  small  mandrels,  mounted  in  frames 
similar  to  a  lathe.  These  frames,  G  and  h,  are  fitted  with  sliders  upon  the  angular  edges 
of  the  flat  broad  bars,  i  and  k.  The  former  of  these  is  screwed  fast  to  the  frame;  the 
latter  is  fixed  upon  a  frame  of  its  own,  moving  on  the  centre  screws,  at  l  l,  beneath  the 
principal  frame  of  the  machine.  By  this  means  the  borer  e  can  be  moved  within  certain 
limits,  so  as  to  bore  holes  in  different  positions.  These  limits  are  determined  by  two 
screws,  one  of  which  is  seen  at  a  ;  the  other,  being  on  the  opposite  side,  is  invisible.  They 
are  tapped  through  fijced  pieces  projecting  up  from  the  frame.  A  projecting  piece  of 
metal,  from  the  under  side  of  the  slider  k  of  the  borer  e,  stops  against  the  ends  of  these 
screws,  to  limit  the  excursion  of  the  borer.  The  frames  for  both  borers  are  brought  up 
towards  the  block  by  means  of  levers  m  and  n.  These  are  centred  on  a  pin,  at  the  op- 
posite sitles  of  the  frame  of  the  machine,  and  have  oblong  grooves  through  them,  which 
receive  screw  pins,  fixed  into  the  frames  g  and  h,  beneath  the  pulleys  p  p,  which  give 
motion  to  the  spindles. 

5.  The  mortidng  machine  is  a  beautiful  piece  of  mechanism,  but  too  complicated  for 
description  within  the  limits  prescribed  to  this  article. 

6.  The  corner  saw,  Jig.  132,  consists  of  a  mandrel,  mounted  in  a  frame  A,  and  carry- 
ing a  circular  saw  l  upon  the  extreme  end  of  it.  This  mandrel  and  its  frame  being 
exactly  similar  to  those  at  g  and  h,  fig.  131,  does  not  require  a  separate  view,  although 
it  is  hid  behind  the  saw,  except  the  end  of  the  screw,  marked  A.  This  frame  is  screwed 
down  upon  the  frame  b  b  of  the  machine,  which  is  supported  upon  four  columns,  c  c, 
D  D,  is  an  inclined  bench,  or  a  kind  of  trough,  in  which  a  block  is  laid,  as  at  e,  being 
supported  on  its  edge  by  the  plane  c  c  of  this  bench,  and  its  end  kept  up  to  its  position 
by  the  other  part  of  the  bench  d  d. 

By  sliding  the  block  along  this  bench,  it  is  applied  to  the  saw,  which  cuts  off  its 
angles,  as  is  evident  from  the  figure,  and  prepares  it  for  the  shaping  engine.  All  the 
four  angles  are  cut  off  in  succession,  by  applying  its  diflerent  sides  to  the  trough,  or 
bench.  In  the  figure,  two  of  them  are  drawn  as  being  cut,  and  the  third  is  just  marked 
by  the  saw.  This  machine  is  readily  adapted  to  dilferent  sizes  of  blocks,  by  the  simple 
expedient  of  laying  pieces  of  wood  of  different  thickness  against  the  plane  d  d,  so  as  to 
fill  it  up,  and  keep  the  block  nearer  to  or  farther  from  the  saw;  for  all  the  blocks  are 
required  to  be  cut  at  the  same  angle,  though,  of  course,  a  larger   piece  is  to  be  cut 

from  large  than  from  small  blocks.  The 
block  reduced  to  the  state  of  e  is  now 
taken  to 

7.  The  shaping  machine. — A  great 
deal  of  the  apparent  complication  of  this 
figure  arises  from  the  iron  cage,  which 
is  provided  to  defend  the  workmen,  lest 
the  blocks,  which  are  revolving  in  the 
circles,  or  chuck,  with  an  immense 
velocity,  should  be  loosened  by  the  ac- 
tion of  the  tool,  and  fly  out  by  their 
centrifugal  force.  Without  this  provi- 
sion, the  consequences  of  such  an  acci- 
dent would  be  dreadful,  as  the  blocks 
would  be  projected  in  all  directions,  with 
an  inconceivable  force. 

8.  The  scoring  engine  receives  two 
blocks,  as  they  come  from  the  shaping 
engine,  and  forms  the  groove  round 
their  longest  diameters  for  the  reception 
of  their  ropes  or  straps,  as  represented 
in  the  two  snatch  blocks  and  double 
block,  under  yig«.  131,  132. 

A,  B,  fig.  133,  represent  the  above 
two  blocks,  each  held  between  two  small 
pillars  a  (the  other  pillar  is  hid  behind 
the  block),  fixed  in  a  strong  plate  d,  and 
pressed  against  the  pillars  by  a  screw  6, 
which  acts  on  a  clamp  d.  Over  the 
blocks  a  pair  of  circular  planes  or  cut- 
ters, E  E,  are  situated,  both  being  fixed  on  the  same  spindle,  which  is  turned  by  a  pulley 
in  the  middle  of  it.     The  spindle  is  fitted  in  a  frame  f  f,  moving  in  centres  at  e  e,  so 
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as  to  rise  and  fall  when  moved  by  a  handle/.  This  brings  Ihe  cutters  down  upon  tha 
blocks ;  and  the  depth  to  which  they  can  cut  is  regulated  by  a  curved  shape  g,  fixed  by 
screws  upon  the  plate  d,  between  the  blocks.  Upon  this  rests  a  curved  piece  of  metai 
h,  fixed  to  the  frame  f,  and  enclosing,  but  not  touching,  the  pulley.  To  admit  the  cut- 
ters to  traverse  the  whole  length  of  the  blocks,  the  plate  d  (or  rather  a  frame  beneath 
it)  is  sustained  betweea  the  points  of  two  centres.  Screws  are  seen  at  /,  on  these  cen- 
tres. The  frame  inclines  when  the  liandle  l  is  depressed.  At  m  is  a  lever,  with  a  weight 
at  the  end  of  it,  counterbalancing  the  weight  of  the  blocks,  and  plate  d,  all  which  are 
above  the  centre  on  which  they  move.  The  frame  f  is  also  provided  with  a  counterpoise 
(o  balance  the  cutters,  &c.  The  cutters  e  e  are  circular  wheels  of  brass,  with  round 
ed^es.  Each  has  two  notches  in  its  circumference,  at  opposite  sides ;  aad  in  these  notches 
chisels  are  fixed  by  screws,  to  project  beyond  the  rim  of  the  wheel,  in  the  manner  of  a 
plane  iron  before  its  face. 

This  machine  is  used  as  follows : — In  order  to  fix  the  block,  it  is  pressed  between 
the  two  pins  (only  one  of  which  at  a,  can  be  seen  in  this  view),  and  the  clamp  d,  screwed 
up  against  it,  so  as  just  to  hold  the  block,  but  no  more.  The  clamp  has  two  claws, 
as  is  seen  in  the  figure,  each  furnished  with  a  ring  entering  the  double  prints  previously 
made,  in  the  end  of  the  block.  These  rings  are  partly  cut  away,  leaving  only 
such  a  segment  of  each  as  will  just  retain  the  block,  and  tlie  metal  between  them  is 
taken  out  to  admit  the  cutter  to  operate  between  them,  or  nearly  so.  In  putting  the 
blocks  into  this  machine,  the  workman  applies  the  double  prints  to  the  ends  of  the 
claws  of  the  clamps,  but  takes  care  that  the  blocks  are  higher  between  the  pins  a  than 
they  should  be:  he  then  takes  the  handle  /,  and  by  it  presses  the  cutters  e  e  (which 
we  suppose  are  standing  slill)  down  upon  the  blocks,  depressing  them  between  their 
pins  at  the  same  time,  till  the  descent  of  the  cutters  is  stopped  by  the  piece  h  resting 
on  the  shape  g.  He  now  turns  the  screws  b  b,  to  fix  the  blocks  tight.  The  cutters 
being  put  in  motion  cut  the  scores,  which  will  be  plainly  seen  by  the  mode  of  adjust- 
ment just  described,  to  be  of  no  depth  at  the  pin-hole;  but  by  depressing  the  handle  l, 
so  as  to  incline  the  blocks,  and  keeping  the  cutters  down  upon  their  shape  g,  by  the 
handle  /,  they  will  cut  any  depth  towards  the  ends  of  the  blocks,  which  the  shape  g 
admits. 

By  this  means  one  quarter  of  the  score  is  formed  ;  the  other  is  done  by  turning  both 
blocks  together  half  round  in  this  manner.  The  centres  I  are  not  fitted  into  the  plate  d 
itself,  but  into  a  frame  seen  at  r  beneath  the  plate,  which  is  connected  with  it  by  a 
centre  pin,  exactly  midway  between  the  two  blocks  a  b.  A  spring  catch,  the  end  of 
which  is  seen  at  r,  confines  them  together ;  when  this  catch  is  pressed  back,  the  plate  d 
can  be  turned  about  upon  its  centre  pin,  so  as  to  change  the  blocks,  end  for  end,  and 
bring  the  unscored  quarters  (i.  e.  over  the  clamps)  beneath  the  cutters ;  the  workman 
taking  the  handles  /  and  l,  one  in  each  hand,  and  pressing  them  down,  cuts  out  the 
second  quarter.  This  might  have  been  efiected  by  simply  lifting  up  the  handle  l;  but 
in  that  case  the  cutter  would  have  struck  against  the  grain  of  the  wood,  so  as  to  cut 
rather  roughly ;  but  by  this  ingenious  device  of  reversing  the  blocks,  it  always  cuts 
clean  and  smooth,  in  the  direction  of  the  grain.  The  third  and  fourth  quarters  of  the 
score  are  cut  by  turning  the  other  sides  of  the  blocks  upwards,  and  repeating  the  above 
operation.  The  shape  g  can  be  removed,  and  another  put  in  its  place,  for  different  sizes 
and  curves  of  block ;  but  the  same  pins  a,  and  holding  clamps  d,  will  suit  many  different 
sizes. 

By  these  machines  the  shells  of  the  blocks  are  completely  formed,  and  they  are  next 
polished  and  finished  by  hand  labor;  but  as  this  is  performed  by  tools  and  methods  which 
are  well  known,  it  is  needless  to  enter  into  any  explanation :  the  finishing  required  being 
only  a  smoothing  of  the  surfaces.  The  machines  cut  so  perfectly  true  as  to  require  no 
wood  to  be  removed  in  the  finishing ;  but  as  they  cut  without  regard  to  the  irregularity 
of  the  grain,  knots,  &c.,  it  happens  that  many  parts  are  not  so  smooth  as  might  be  wish- 
ed, and  for  this  purpose  manual  labor  alone  can  be  employed. 

The  lisnum  vitse  for  the  sheaves  of  the  blocks,  is  cut  across  the  grain  of  the  wool  by 
two  cross-cutting  saws,  a  circular  and  straisht  saw,  as  before  mentioned.  These  ma- 
chines do  not  essentially  difler  in  their  principle  from  the  great  cross-cutting  saws  we 
have  described,  except  that  the  wood  revolves  while  it  is  cutting,  so  that  asmallsaw  will 
reach  the  centre  of  a  large  tree,  and  at  the  same  time  cut  it  truly  flat.  The  limits  pre- 
scribed for  our  plates  will  not  admit  of  giving  drawings  of  these  machines,  and  the  idea 
which  could  be  derived  from  a  verbal  description  would  not  be  materially  different  from 
the  cross-cutting  saws  before  mentioned.  These  machines  cut  ofl"  their  plates  for  the  end 
of  the  tree,  which  are  exactly  the  thickness  for  the  intended  sheave.  These  pieces  are 
of  an  irregular  figure,  and  must  be  rounded  and  centred  in  the  crown  saw. 

9.  The  crown  saw  is  represented  in  Jig.  134,  where  a  is  a  pulley  revolving  by 
means  of  an  endless  strap.  It  has  the  crown  or  trepan  saw  a  fixed  to  it,  by  a  screw  cut 
within  the  piece,  upon  which  the  saw  is  fixed,  and  which  gives  the  ring  or  hoop  of  the 
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saw  sufficient  stability  to  perform  its  office.     Both  the  pulleys  and  saw  revolve  together 
upon  a  truly  cylindrical  tube  b,  which  is  stationary,  being  attached  by  a  flaunch  c  to  a 

fixed  puppet  b,  and  on  this  tube  as  an  axis 
the  saw  and  pulley  turn,  and  may  be  slid 
endwise  by  a  collar  fitted  round  the  centre- 
piece of  the  pulley,  and  having  two  iron 
rods  (only  one  of  which  can  be  seen  at  d 
in  the  figure),  passing  through  holes  made 
through  the  flaunch  and  puppet  b.  When 
the  saw  is  drawn  back  upon  its  central  tube, 
the  end  of  the  latter  projects  beyond  the 
teeth  of  the  saw.  It  is  by  means  of  this  fixed 
ring  or  tube  within  the  saw,  that  the  piece 
of  wood  e  is  supported  during  the  operation 
of  sawing,  being  pressed  forcibly  against  it 
by  a  screw  d,  acting  through  a  puppet  fixed 
to  the  frame  of  the  machine.  At  the  end  of 
this  screw  is  a  cup  or  basin  which  applies 
itself  to  the  piece  of  wood,  so  as  to  form  a 
kind  of  vice,  one  side  being  the  end  of  the 
fixed  tube,  the  other  the  cup  at  the  end  of 
the  screw  d.  Within  the  tube  6  is  a  collar 
for  supporting  a  central  axis,  which  is  perfectly  cylindrical.  The  other  end  of  this  axis, 
(seen  at  /,)  turns  in  a  collar  of  the  fixed  puppet  e.  The  central  axis  has  a  pulley  r, 
fixed  on  it,  and  giving  it  motion  by  a  strap  similar  to  the  other.  Close  to  the  latter 
pulley  a  collar  g  is  fitted  on  the  centre  piece  of  the  pulley,  so  as  to  slip  round  freely, 
but  at  the  same  time  confined  to  move  endways  with  the  pulley  and  its  collar.  This  col- 
lar receives  the  ends  of  the  two  iron  rods  d.  The  opposite  ends  of  these  rods  are,  as 
above  mentioned,  connected  by  a  similar  collar,  with  the  pulley  A  of  the  saw  a.  By  this 
connexion,  both  the  centre  bit,  which  is  screwed  into  the  end  of  the  central  axis  /,  and 
the  saw  sliding  upon  the  fixed  tube  b,  are  brought  forward  to  the  wood  at  the  same  time, 
both  being  in  rapid  motion  by  their  respective  pulleys. 

10.  The  Coaking  Engine. — This  ingenious  piece  of  machinery  is  used  to  cut  the  three 
semicircular  holes  which  surround  the  hole  bored  by  the  crown  saw,  so  as  to  produce  a 
cavity  in  the  centre  of  the  disc. 

11.  Face-turning  Lathe — The  sheave  is  fixed  against  a  flat  chuck  at  the  end  of  a 
mandrel,  by  a  universal  chuck,  similar  to  that  in  the  coaking  engine,  except  that  the 
centre  pin,  instead  of  having  a  nut,  is  tapped  into  the  flat  chuck,  and  turned  by  a  screw- 
driver. 

BLOOD.  (Sang,  Fr. ;  Bluf,  Germ.)  The  liquid  which  circulates  in  the  arteries  and 
veins  of  animals ;  bright  red  in  the  former  and  purple  in  the  latter,  among  all  the  tribes 
whose  temperature  is  considerably  higher  than  that  of  the  atmosphere.  It  consists,  1.  of 
a  colorless  transparent  solution  of  several  substances  in  water ;  and,  2.  of  red,  undissolved 
particles  diff'used  through  that  solution.  Its  specific  gravity  varies  with  the  nature  and 
health  of  the  animal ;  being  from  1-0527  to  1-0570  at  60°  F.  It  has  a  saline  sub-nauseous 
taste,  and  a  smell  peculiar  to  each  animal.  When  fresh  drawn  from  the  vessels,  it  rapidly 
coagulates  into  a  gelatinous  mass,  called  the  clot,  cruor,  or  crassamentum,  from  which, 
after  some  time,  a  pale  yellow  fluid,  passing  into  yellowish  green,  oozes  forth,  called  the 
serum.  If  the  warm  blood  be  stirred  with  a  bundle  of  twigs,  as  it  flows  from  the  veins, 
the  fibrine  concretes,  and  forms  long  fibres  and  knots,  while  it  retains  its  usual  appear- 
ance in  other  respects.  The  clot  contains  fibrine  and  coloring  matter  in  various  pro- 
portions. Berzelius  found  in  100  parts  of  the  dried  clot  of  blood,  35  parts  of  fibrine ; 
58  of  coloring  matter;  1-3  of  carbonate  of  soda  ;  4  of  an  animal  matter  soluble  in  water, 
along  with  some  salts  and  fat.  The  specific  gravity  of  the  serum  varies  from  1-027  to 
1-029.  It  forms  about  three  fourths  of  the  weight  of  the  blood,  has  an  alkaline  reaction, 
coagulates  at  167°  F.  into  a  gelatinous  mass,  and  has  for  its  leading  constituent  albumen 
1o  the  amount  of  8  per  cent ,  besides  fat,  potash,  soda,  and  salts  of  these  bases.  Blood 
does  not  seem  to  contain  any  gelatine. 

The  red  coloring  matter  called  hemaiine,  may  be  obtained  from  the  cruor  by  washing 
with  cold  water  and  filtering. 

Blood  was  at  one  time  largely  employed  for  clarifying  sirup,  but  it  is  very  sparingly 
used  by  the  sugar  refiners  in  Great  Britain  of  the  present  day.  It  may  be  dried  by  evapo- 
ration at  a  heat  of  130°  or  140°,  and  in  this  state  has  been  transported  to  the  colonies  for 
purifying  cane  juice.  It  is  an  ingredient  in  certain  adhesive  cements,  coarse  pigments  for 
protecting  walls  from  the  weather,  for  making  animal  charcoal  in  the  Prussian  blue  works, 
and  by  an  after  process,  a  decoloring  carbon.  It  is  used  in  some  Turkey  red  dye-works. 
Blood  is  a  powerful  manure. 
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BLOWING  MACHINE.  See  Iron,  Metallurgy,  Ventilation. 
BLOWPIPE.  {Chalumeau,  Ft.;  Lothrohre,  Germ.)  Jewellers,  mineralogists,  chem- 
ists, enamellers,  &c..  make  frequent  use  of  a  tube,  usually  bent  near  the  end,  terminated 
■with  a  finely  pointed  nozzle,  for  blowing  through  the  flame  of  a  lamp,  candle,  or  gas-jet, 
and  producing  thereby  a  small  conical  flame  possessing  a  very  intense  heat.  Modifica- 
tions of  blow  pipes  are  made  with  jets  of  hydrogen,  oxygen,  or  the  two  gases  mixed  in 
due  proportions. 

BLUE  DYES.  {Teint,  Germ.  See  Enamel.)  The  materials  employed  for  this  pur- 
pose are  indigo,  Prussian  blue,  logwood,  bilberry,  (vaccinium  myrtillus,)  elder  berries, 
\sambucus  nigra,)  mulberries,  privet  berries,  (ligustrum  vulgare,)  and  some  other  berries 
■whose  juice  becomes  blue  by  the  addition  of  a  small  portion  of  alkali,  or  of  the  salts  of 
copper.  For  dyeing  ■with  the  first  three  articles,  see  them  in  their  alphabetical  places.  I 
shall  here  describe  the  other  or  minor  blue  dyes. 

To  dye  blue  with  such  berries  as  the  above,  'we  boil  one  pound  of  them  in  water,  add- 
ing one  ounce  of  alum,  of  copperas,  and  of  blue  vitriol,  to  the  decoction,  or  in  their  stead 
equal  parts  of  verdigris  and  tartar,  and  pass  the  stuffs  a  sutBcient  time  through  the  liquor. 
When  an  iron  mordant  alone  is  employed,  a  steel  blue  tint  is  obtained ;  and  when  a  tin 
one,  a  blue  with  a  violet  cast.  The  privet  berries  ■which  have  been  employed  as  sap 
colors  by  the  card  painters,  may  be  extensively  used  in  the  dyeing  of  sUk.  The  berries 
of  the  African  night-shade  (solanum  guineense)  have  been  of  late  years  considerably  ap- 
plied to  silk  on  the  continent  in  producing  various  shades  of  blue,  violet,  red,  brown,  &c., 
but  particularly  violet.  AVith  alkalis  and  acids  these  berries  have  the  same  habitudes  as 
bilberries ;  the  former  turning  them  green,  the  latter  red.  They  usually  come  from 
Italy  compressed  in  a  dry  cake,  and  are  infused  in  hot  water.  The  infusion  is  merely 
filtered,  and  then  employed  without  any  mordant,  for  dyeing  silk,  bein?  kept  at  a  warm 
temperature  by  surrotindins:  the  bath  vessel  with  hot  water.  The  goods  must  be  winced 
for  six  hours  through  it  in  order  to  be  saturated  with  color  ;  then  they  are  to  be  rinsed 
in  running  water  and  dried.  One  pound  of  silk  requires  a  pound  and  a  half  of  the  berry, 
cake.  In  the  residuary  bath,  other  tints  of  blue  may  be  given.  Sometimes  the  dyed 
silk  is  finished  by  runnins  it  throncrh  a  weak  alum  ■water.  A  color  approaching  to  in- 
digo in  permanence,  but  which  differs  from  it  in  being  soluble  in  alkalis,  though  inca- 
pable of  similar  disoxydizement,  is  the  gardenia  genipa  and  aculeata  of  South  America, 
whose  colorless  juice  becomes  dark  blue  with  contact  of  air;  and  dyes  stuffs,  the  skin, 
and  nails,  of  an  unchangeable  deep  blue  color,  but  the  juice  must  be  applied  in  the  color- 
less state. 

BLUE  PIGMENTS.  Several  metallic  compounds  possess  a  blue  color ;  especially 
those  of  iron,  cobalt,  and  molydenum.  The  metallic  pigments,  little  if  at  all  employed, 
but  which  may  be  found  useful  in  particular  cases,  are  the  molybdate  of  mercury,  the 
hydro-sulphuret  of  tunssten,  the  prussiate  of  tungsten,  the  molybdate  of  tin,  the  oxyde  of 
copper  darkened  with  ammonia,  the  silicate  of  copper,  and  a  fine  violet  color  formed  from 
manganese  and  molybdenum.  The  blues  of  vegetable  origin,  in  common  use,  are  indigo, 
litmus,  and  blue  cakes.  The  blue  pigments  of  a  metallic  nature  found  in  commerce  are  the 
following  :  Prussian  blue  ;  mouniain  blue,  a  carbonate  of  copper  mixed  with  more  or  less 
earthy  matter;  Bremen  blue  or  verdiier,  a  greenish  blue  color  obtained  from  copper  mixed 
■with  chalk  or  lime ;  iron  blue,  phosphate  of  iron,  little  employed  ;  cobalt  blue,  a  color 
obtained  by  calcining  a  salt  of  cobalt  with  alumina  or  ox^'de  of  tin ;  smalt,  a  glass  color- 
ed with  cobalt  and  ground  to  a  fine  powder;  charcoal  blue,  a  deep  shade  obtained  by  tri- 
turatin?  carbonized  vine  stalks  with  an  equal  weight  of  potash  in  a  crucible  till  the  mix- 
ture ceases  to  swell,  then  pouring  it  upon  a  slab,  putting  it  into  water,  and  saturating  the 
alkali  with  sulphuric  acid.  The  lifiuor  becomes  blue,  and  lets  fall  a  dark  blue  precipitate, 
which  becomes  of  a  brDliant  blue  color  when  heated. 

Molybdenum  blue  is  a  combination  of  this  metal,  and  oxyde  of  tin  or  phosphate  of  lime. 
It  is  employed  both  as  a  paint,  and  an  enamel  color.  A  blue  may  also  be  obtained  by 
putting  into  molybdic  acid,  (made  by  digesting  sulphuret  of  molybdenum  with  nitric 
acid.)  some  filings  of  tin,  and  a  little  muriatic  acid.  The  tin  deoxydizes  the  molybdic 
acid  to  a  certain  degree,  and  converts  it  into  the  molybdous,  which,  when  evaporated  and 
heated  with  alumina  recently  precipitated,  forms  this  blue  pigment.  Ultramarine  is  a 
beautiful  blue  pigment,  which  see. 

BLUE  VITRIOL  ;  sulphate  of  copper. 

BOMBAZINE.     A  worsted  stufl^,  sometimes  mixed  with  silk. 

BONES.  (Os,  Fr. ;  Knocheu,  Germ.)  They  form  the  frame  work  of  animal  bodies, 
commonly  called  the  skeleton  ;  upon  which  the  soft  parts  are  suspended,  or  in  which  they 
are  enclosed.  Bones  are  invested  with  a  membrane  styled  the  periosteum,  which  is 
composed  of  a  dense  tissue  affording  glue ;  whence  it  is  convertible  into  jelly,  by 
ebullition  with  water.  Bones  are  not  equally  compact  throughout  their  whole  sub- 
stance; the  long  ones  have  tubes  in  their  centres  lined  with  a  kind  of  periosteum,  of 
more  importance  to  the  life  of  the  bones  than  even  their  external  coat.    The  flat,  as 
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well  as  the  short  and  thick  bones,  exhibit  upon  theii-  surface  an  osseous  mass  of  a 
dense  nature,  while  their  interior  presents  a  cavity  divided  into  small  cellules  by  their 
bony  partitions. 

In  reference  to  the  composition  of  bones,  we  have  to  consider  two  principal  constitu- 
ents ;  the  living  portion  or  the  osseous  cartilage,  and  the  inorganic  or  the  earthy  salts  of 
the  bones. 

The  osseous  cartilage  is  obtained  by  suspending  bones  in  a  large  vessel  full  of  dilute 
muriatic  aciJ,  and  leaving  it  in  a  cool  place  at  about  50°  Fahr.  for  example.  The  acid 
dissolves  the  earthy  salts  of  the  bones  without  pereeplibly  attacking  the  cartilage,  which, 
at  the  end  of  a  short  time,  becomes  soft  and  translucid,  retaining  the  shape  of  the  bones; 
whenever  the  acid  is  saturated,  before  it  has  dissolved  all  the  earthy  salts  it  should  be 
renewed.  The  cartilage  is  to  be  next  suspended  in  cold  water,  which  is  to  be  frequently 
changed  till  it  has  removed  all  the  acidity.  By  drying,  the  cartilage  shrinks  a  little, 
and  assumes  a  darker  hue,  but  without  losing  its  translucency.  It  becomes,  at  the 
same  time,  hard  and  susceptible  of  breaking  when  bent,  but  it  possesses  great 
strength. 

This  cartilage  is  composed  entirely  of  a  tissue  passing  into  gelatine.  By  boiling  with 
water,  it  is  very  readily  convertible  into  a  glue,  which  passes  clear  and  colorless  through 
the  filter,  leaving  only  a  small  portion  of  fibrous  matter  insoluble  by  further  boiling. 
This  matter  is  produced  by  the  vessels  which  penetrate  the  cartilage,  and  carry  nourish- 
ment to  the  bone.  We  may  observe  all  these  phenomena  in  a  very  instructive  manner, 
by  macerating  a  bone  in  dilute  muriatic  acid,  till  it  has  lost  about  the  half  of  its  salts; 
then  washing  it  with  cold  water,  next  pouring  boiling  water  upon  it,  leaving  the 
whole  in  repose  for  24  hours,  at  a  temperature  a  few  degrees  below  212°  Fahr. 

The  cartilage,  which  has  been  stripped  of  its  earthy  salts,  dissolves,  but  the  small 
vessels  which  issue  from  the  undecomposed  portion  of  the  bone  remain  under  the  form 
of  white  plumes,  if  the  water  has  received  no  movement  capable  of  crushing  or  breaking 
them.  We  may  then  easily  recognise  them  with  a  lens,  but  the  slightest  touch  tears 
them,  and  makes  them  fall  to  the  bottom  of  the  vessel  in  the  form  of  a  precipitate ;  if 
we  disest  bones  with  strong  hot  muriatic  acid  so  as  to  accelerate  their  decomposition,  a 
portion  of  the  cartilage  dissolves  in  the  acid  with  a  manifest  disengagement  of  carbonic 
acid  gas,  which  breaks  the  interior  mass,  and  causes  the  half-softened  bone  to  begin  to 
split  into  fibrous  plates,  separable  in  the  direction  of  their  length.  According  to  Marx, 
these  plates,  when  sufficiently  thin,  possess,  like  scales  of  mica,  the  properly  of  polar- 
izing light,  a  phenomenon  which  becomes  more  beautiful  still  when  we  soak  them  with 
the  essential  oil  of  the  bark  of  the  Laurus  Cassia.  The  osseous  cartilage  is  formed 
before  the  earthy  part.  The  long  bnnes  are  then  solid,  and  they  become  hollow  only  in 
proportion  as  the  earthy  salts  appear.  In  the  new-born  infant,  a  large  portion  of  the 
bones  is  but  partially  filled  with  these  salts,  their  deposition  in  cartilage  takes  place 
under  certain  invariable  poinis  of  ossificalion,  and  begins  at  a  certain  period  after  con- 
ception, so  that  we  may  calculate  the  age  of  the  fcelus  according  to  the  progress  which 
ossification  has  made. 

The  earthy  parts  of  bones  are  composed  principally  of  the  phosphate  and  carbonate 
of  lime  in  various  proportions,  variable  in  dififerent  animals,  and  mixed  with  small 
quantities,  equally  variable,  of  phosphate  of  magnesia  and  fluate  of  lime.  The  easiest 
means  of  procuring  the  earthy  salts  of  bones  consists  in  burnins:  them  to  whiteness,  but 
the  earthy  residuum  procured  in  this  manner,  contains  substances  which  did  not  exist 
beforehand  in  the  bones,  and  which  did  not  form  a  part  of  their  earthy  salts ;  as,  for 
example,  sulphate  of  soda,  produced  at  the  expense  of  the  sulphur  of  the  bones  and  the 
alkaline  carbonate,  proceeding  from  the  cartilage  with  which  it  was  combined.  On  the 
other  hand,  the  greater  part  of  the  lime  has  lost  its  carbonic  acid.  As  the  sulphuric 
acid  is  the  product  of  combustion,  it  is  obvious  that  an  acidulous  solution  of  a  fresh  bone 
can  afford  no  precipitate  with  muriate  of  barytes.  The  phosphate  of  lime  contained  in 
the  "^^ne-salts  is  a  subphosphate,  consisting,  accordin?  to  Berzelius,  of  three  prime 
equiva  nts  of  the  acid,  and  eight  of  the  base;  or  of  2,677  parts  of  the  former,  and  2,818 
of^  the  latter.  It  is  always  obtained  when  we  precipitate  the  phosphate  of  lime  by  an 
excess  of  ammonia.  When  calcined  bones  are  distilled  in  a  retort  with  their  own  weight 
of  sulphuric  acid,  a  little  fluoric  acid  is  disengased,  and  it  acts  on  the  surface  of  the 
glass.  The  following  analyses  of  the  bones  of  men  and  horned  cattle,  are  given  by  Ber- 
zelius. They  were  dried  after  being  stripped  of  their  fat  and  periosteum  till  Ihey  lost 
no  more  weiarht. 
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Human  bone. 


Cartilage  completely  soluble  in  water 
Vessels-        ...... 

Subphosphate  with  a  little  fluate  of  lime 
Carbonate  of  lime  -         -         -         -         - 
Phosphate  of  magnesia      ... 
Soda  with  veiy  little  muriate  of  soda 


32-17 

M3 

53-04 

11-3 

1-16 

1-20 

100-00 


33-3 

57-35 
3-85 
2-05 
3-45 

100-00 


The  most  essential  difference  in  the  composition  of  these  bones  is  that  those  of  man 
contain  three  times  as  much  carbonate  of  lime  as  those  of  the  ox  ;  and  that  the  latter 
are  richer  m  phosphate  of  lime  and  magnesia  in  tlie  same  proportion.  Fernandez  de 
Barros  has  established  a  comparison  between  the  phosphate  and  carbonate  of  lime  in 
the  bones  of  different  animals.  He  found  in  100  parts  of  earthy  salt  of  the  bones  of  the 
following  animals: — 


Phosphate  oflime 

Carb.  lime 

95-0 

2-5 

80-0 

19-3 

88-9 

10-4 

95-2 

2-4 

91-9 

5-3 

Lion 

Sheep 

Hen 

Frog 

Fish 


The  bones  of  fish  are  divided  into  those  which  contain  earthy  salts  and  those  which 
have  none,  called  cartilaginous  fishes.  The  enamel  of  the  teeth  is  composed  as 
follows  : — 


Phosphate  of  lime  with  fluate  of  lime         ... 
Carbonate  of  lime  ...... 

Phosphate  of  magnesia     ...... 

Soda     -.-.---.. 
Brown  membranes  attached  to  the  tooth,  alkali,  water 


Human  enamel. 

Ox  enamel. 

88-5 

85-0 

8-0 

7-1 

1-5 

3-0 

0-0 

1-4 

2-0 

3-5 

100-0 

1000 

In  the  arts,  the  hones  are  employed  by  turners,  cutlers,  manufacturers  of  animal  char- 
coal, and,  when  calcined,  by  assayers  for  making  cupels.  In  agriculture,  they  are 
employed  as  a  manure,  for  which  purpose  they  should  be  ground  in  a  mill,  and  the  pow- 
der sowed  alons  with  the  seeds  in  a  drill.  It  is  supposed,  in  many  cases,  to  increase  the 
crop  in  wei3ht  of  grain  and  straw  together,  by  from  40  to  50  per  cent.  In  France,  soup 
is  exien^ively  made  by  dissolving  bones  in  a  steam-heat  of  two  or  three  days'  continu- 
ance. The  shavings  of  hartshorn,  which  is  a  species  of  bone,  afford  an  elegant  jelly: 
the  shavinss  of  calves'  bones  may  be  used  in  their  stead. 

Living  bones  acquire  a  red  tinse  when  the  animals  receive  madder  with  their  food; 
but  they  lose  it  when  the  madder  is  discontinued  for  some  time. 

BONE  BLACK  (Noir  d'os,  Fr. ;  Knoclienschxvartz,  Germ.),  or  Animal  charcoal,  as 
it  is  less  correctly  called,  is  the  black  carbonaceous  substance  into  which  bones  are 
converted  by  calcination  in  close  vessels.  This  kind  of  charcaol  has  two  principal 
applications :  to  deprive  various  solutions,  particularly  sirups,  of  their  coloring  matters, 
and  lo  furnish  a  black  pigment.  The  latter  subject  will  be  treated  of  under  Ivory 
Black. 

The  discovery  of  the  antiputrescent  and  decoloring  properties  of  charcoal  in  general, 
is  due  to  Lowitz,  of  Petersburg ;  but  their  modifications  have  occupied  the  attention  of 
many  chemisis  since  his  time.  Kels  published,  in  1798,  some  essays  on  the  discoloring 
of  indigo,  saffron,  madder,  sirup,  &c.  by  means  of  charcoal,  but  he  committed  a  mistake 
in  supposing  bone  black  to  have  less  power  than  the  charcoal  of  wood.  The  first 
useful  application  of  charcoal  to  the  purification  of  raw  colonial  sugar  was  made  by 
M.  Guillon,  who  brought  into  the  French  markets  considerable  quantities  of  fine  sirups, 
which  he  discolored  by  ground  wood  charcoal,  and  sold  them  to  great  advantage,  as 
much  superior  to  the  cassonades  of  that  time.  In  1811,  M.  Figuier,  an  apothecary  at 
Montpeliier,  published  a  note  about  animal  charcoal,  showing  that  it  blanched  vinegars 
and  wmcs   with   much   more   energy   than  vegetable  charcoal ;    and,  lastly,   in   I8l2, 
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M.  Derosnes  proposed  to  employ  animal  charcoal  in  the  purification  of  sirups  and 
sugar  refining.  The  quantities  of  bone  black  left  in  the  retorts  employed  by  MM. 
Payen.  for  producing  crude  carbonate  of  ammonia,  furnished  abundant  materials  for 
making  the  most  satisfactory  experiments,  and  enabled  these  gentlemen  soon  to  ob- 
tain ten  per  cent,  more  of  refined  sugar  from  the  raw  article  than  had  been  formerly 
extracted,  and  to  improve,  at  the  same  time,  the  characters  of  the  lumps,  bastards, 
treacle,  &c. 

The  calcination  of  bones  is  effected  by  two  different  systems  of  apparatus ;  by  heating 
them  in  a  retort  similar  to  that  in  which  coal  is  decomposed  in  the  gas  works,  or  in 
small  pots  piled  up  in  a  kiln.  For  the  description  of  the  former,  see  Gas-Light. 
On  the  second  plan,  the  bones,  broken  into  pieces,  are  put  into  small  cast-iron  pots 
of  the  form  shown  in  fig.  135,  about  three  eighths  of  an  inch  thick,  two  of  which  are 
dexterously  placed  with  their  mouths  in  contact,  and  then  luted  together  with  loam. 
The  lip  of  the  upper  pot  is  made  to  slip  inside  of  the  under  one.  These  double  vessels, 
containins  together  about  fifty  pounds  of  bones,  are  arranged  alongside,  and  over  each 
other,  in  an  oven,  like  a  potter's  kiln,  till  it  be  filled.  The  oven  or  kiln  may  be  either 
oblong  or  upright.  The.  latter  is  represented  in  figs.  136,  137,  138.  a  is  the  fireplace 
or  grate  for  the  fuel ;  c  c  are  the  openings  in  the  dome  of  the  furnace  through  which 
the  flame  flows ;  the  divisions  of  these  orifices  are  shown  in  fig.  138.  b  is  the  wall  of 
brick-work,  d  the  space  in  which  the  pots  are  distributed,  e  is  the  door  by  which  the 
•workman  carries  in  the  pots,  which  is  afterwards  built  up  with  fire-bricks,  and  plastered 
ever  with  loam.  This  door  is  seen  in  fig.  136.  f  f  are  the  lateral  flues  for  conveying 
the  disengaged  gases  into  the  air. 
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Fig.  139  is  a  longitudinal  section,  and  fig.  140,  a  ground  plan  of  a  horizontal  kiln  for 
calcining  bones,  a  is  the  fire-chamber,  lying  upon  a  level  with  the  sole  of  the  kiln  ;  it 
is  separated  by  a  pillar  b,  from  the  calcining  hearth  c.  In  the  pillar  or  wall,  several 
rows  of  holes  d,  are  left  at  different  lieights;  e  is  the  entrance  door;  f,  the  outlet  vents 
for  the  gases,  vapors,  and  smoke,  into  the  chimney  g ;  h,  a  sliding  damper-plale  for  regu- 
lating the  admission  of  the  air  into  the  fire  in  the  space  a. 

By  this  arrangement  the  offensive  emanations  are  partly  consumed,  and  partly  carried 
off  with  the  smoke.  To  destroy  the  smell  completely,  the  smoke  should  be  made  to  pass 
through  a  second  small  furnace. 

The  number  of  pots  that  may  be  put  into  a  kiln  of  this  kind  depends,  of  course,  upon 
its  dimensions;  but,  in  general,  from  100  to  150  are  piled  up  over  each  other,  in  columns, 
at  once ;  the  greatest  heat  being  nearest  the  roof  of  the  kiln  ;  which  resembles,  in  many 
respects,  that  used  for  baking  pottery  ware. 

In  both  kilns  the  interior  walls  are  built  of  fire-bricks.  In  the  oblong  one,  the 
fiercest  heat  is  near  the  vaulted  roof;  in  the  upright  one,  near  the  sole;  and  the  pots, 
containing  the  larger  lumps  of  bones,  should  be  placed  accordingly  near  the  top  of  the 
former,  and  the  bottom  of  the  latter.  Such  a  kiln  may  receive  about  seventy  double 
pots,  containing  in  the  whole  thirty-five  cwt.  of  bones. 

After  the  earth  is  filled  with  the  pots,  and  the  entrance  door  is  shut,  the  fire  is 
applied  at  first  moderately,  but  afterwards  it  must  be  raised  and  maintained,  at  a  brisk 
heat,  for  eight  or  ten  hours.  The  door  of  the  ash-pit  and  the  damper  may  now  be 
nearly  closed,  to  moderate  the  draught,  and  to  keep  up  a  steady  ignition  for  six  or  eight 
hours  longer,  without  additional  firing;  after  which  the  doors  must  be  all  opened  to 
cool  the  furnace.  When  this  is  done,  the  brick-work  of  the  entrance  door  must  be 
taken  down,  the  kiln  must  be  emptied,  and  immediately  filled  again  with  a  set  of  pots 
previously  filled  with  bones,  and  luted  together ;  the  pots  which  have  been  ignited  may, 
in  the  course  of  a  short  time,  be  opened,  and  the  contents  put  into  the  magazine.     But 
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m  operating  with  the  large  decomposing  cylinder  retort,  the  bones  being  raked  out  hot, 
must  be  instantly  tossed  into  a  receiver,  which  can  be  coA'ered  in  air-tight  till  they  are  cool. 

The  bones  lose  upon  the  average  about  one  half  of  their  weight  in  the  calcination. 
In  reference  to  the  quality  of  the  black,  experience  has  shown  that  it  is  so  much  more 
powerful  as  a  discoloring  agent,  as  the  bones  from  which  it  was  made  have  been  freer 
from  adhering  fatty,  fleshy,  and  tendinous  matters. 

The  charcoal  is  ground  in  a  mill,  either  to  a  fine  powder  and  sifted,  or  into  a  coarse 
granular  state,  like  gunpowder,  for  the  preparation  of  which  two  sieves  are  required,  one 
with  moderately  fine  meshes,  to  allow  the  small  dust  to  pass  through,  and  one  with  large 
meshes,  to  separate  the  proper-sized  grains  from  the  coarser  lumps.  Either  a  corn-mill, 
an  edgestone  mill,  or  a  steel  cylinder  mill,  may  be  employed  for  grinding  bone-black,  and 
it  is  genei'ally  damped  in  the  operation  to  keep  down  the  fine  dust. 

Bone-black,  as  found  in  commerce,  is  very  variable  in  its  discoloring  power,  which 
arises  from  its  having  been  exposed  either  to  too  great  a  heat  which  has  glazed  its  car- 
bon, or  too  low  a  heat  which  has  left  its  albumen  imperfectly  decomposed.  A  steady 
ignition  of  due  continuance  is  the  proper  decomposing  temperature.  Its  composition  is 
generally  as  follows  : — 

Phosphate  of  lime,  with  carbonate  of  lime,  and  a  little  sulphuret  of  iron,  or  oxyde  of 
iron,  88  parts;  iron  in  the  state  of  a  silicated  carburet,  2  parts;  charcoal  containing 
about  one  fifteenth  of  azote,  10  parts.  None  of  the  substances  present,  except  the  char- 
coal, possesses  separately  any  discoloring  power. 

The  quality  may  be  tested  by  a  solution  of  brown  sugar,  or  molasses,  or  of  indigo  in 
sulphuric  acid.  The  last  is  generally  preferred  by  the  French  chemists,  who  have  occu- 
pied themselves  most  with  this  subject,  and  it  contains  usually  one  thousandth  pari 
of  its  weight  of  this  dye-drug  of  the  best  quality.  Other  animal  substances  yield  a 
charcoal,  possessed  of  very  considerable  discoloring  properties.  The  following  table  by 
M.  Bussy  exhibits  an  interesting  comparison  of  almost  every  kind  of  charcoal  in  this 
point  of  view. 

Table  of  the  discoloring  powers  of  dififerent  charcoals. 


Iiidigo  test 

Molasses  iest 

Blanching  by 

Power  l)y 

Species  (if  Cliuicdal. 

Weight. 

consumed. 

consumed. 

indigo. 

molasses. 

Gramme. 

Litres. 

Blood  calcined  with  potash 

1-60 

0-18 

50 

20 

Ditto  with  chalk    -     -     - 

0-57 

0-10 

"18 

11 

Ditto  with  phosphate  lime 

0-.38 

0-09 

12 

10 

Gelatine  ditto  with  potash 

M5 

0-14 

36 

15-5 

Albumen  ditto  ditto    -    - 

1-08 

0-14 

34 

1.5-5 

Starch  ditto  ditto  -     ■     - 

0-34 

0-08 

10-6 

8-8 

Charcoal  from  acet.  potash 

0-18 

0-04 

5-6 

4-4 

Ditto  from  carb.  soda  by 

phosphorus     -     -     -     - 

0-38 

0-08 

12 

8-8 

Calcined  lamp  black  -     - 

0-128 

0-03 

4 

3-3 

Ditto  ditto  potash  -    -     - 

0-55 

0-09 

15-2 

10-6 

Bone  black  treated  with 

mur.  acid  and  potash    - 

1-45 

0-18 

45 

20 

Bone  black  ditto  with  mur. 

acid     .----. 

0-06 

0-015 

1-87 

1-6 

Oil  calcined  with  phosph. 

of  lime 

0-064 

0-017 

2 

1-9 

Crude  bone  black  -    -    - 

0-0.32 

0-009 

1 

1 

With  regard  to  the  m.ode  of  operation  of  bone  black  on  colored  liquids,  M,  Payen 
showed  in  his  prize  essay,  1.  That  the  decoloring  power  of  charcoal  depends  in 
general  upon  its  state  of  division ;  2.  That  in  the  various  charcoals,  the  Ciubonaceous 
matter  acts  only  upon  the  coloring  matters,  combining  with  and  precipitating  Uiem  ;  3. 
That  in  the  application  of  charcoal  to  the  refining  of  su2:ar,  it  acts  also  upon  the  sluten, 
for  it  singularly  promotes  crystallization ;  4.  That  according  to  the  above  principles,  the 
decohrin?  action  of  charcoals  may  be  so  modified,  as  to  make  the  most  ineit  become 
the  most  active;  5.  That  the  distinction  between  animal  and  vegetable  charcoals  is  im- 
proper, and  that  we  may  substitute  for  it  that  of  dull  and  brilliant  charcoals ;  6.  That 
of  the  substances  present  in  charcoal  besides  carbon,  and  particularly  animal  charcoal, 
those  which  favor  the  decoloring  action,  have  an  influence  relative  only  !o  the  carbon; 
they  serve  as  auxiliaries  to  it,  by  insulating  its  particles,  and  presenting  them  more 
freely  to  the  action  of  the  coloring  matter;  7.  That  animal  charcoal,  besi  les  its  de- 
coloring power,  has  the  vduable  property  of  taking  lime  in  solution  from  water  and 
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sirup;  8.  That  neither  vegetable,  nor  other  charcoals,  besides  the  animal,  liave  this 
power  of  abstracting  lime ;  9.  Thai  by  tlie  aid  of  the  decolorimeter,  or  graduated  tube 
chai  ged  with  test  solution  of  indigo  or  molasses,  it  is  easy  to  appreciate  exactly  the  de 
colorina;  properties  of  all  kinds  of  charcoal. 

Diflerent  varieties  of  lignite  (fossilized  wood)  or  even  pit  coal,  when  well  carbonized 
in  close  vessels,  afford  a  decoloring  charcoal  of  considerable  value.  By  reducing  100 
parts  of  clay  into  a  thin  paste  with  water,  kneading  into  it  20  parts  of  tar,  and  500  of 
finely-ground  pit  coal,  drying  the  mixed  mass,  and  calcining  it  out  of  contact  of  air,  a 
charcoally  matter  may  be  obtained  not  much  inferior  to  bone-black  in  whitening  sirups. 

The  restoration  of  animal  charcoal  from  burnt  bones,  for  the  purpose  of  sugar  re- 
fining, has  been  long  practised  in  France.  Mr.  W.  Parker  has  lately  made  the  following 
process  the  subject  of  a  patent.  The  charcoal,  when  taken  from  the  vessel  in  which  it 
has  been  employed  for  the  purposes  of  clarifying  the  sugar,  is  to  be  thoroughly  washed 
with  the  purest  water  that  can  be  obtained,  in  order  to  remove  all  the  saccharine  matter 
adhering  to  it.  When  the  washing  process  has  been  completed,  the  charcoal  is  laid  out 
to  dry,  either  in  the  open  air  or  in  a  suitable  stove,  and  when  perfectly  free  from  moist- 
ure, it  is  to  be  separated  into  small  pieces  and  sifted  through  a  sieve,  the  wires  or  meshes 
of  which  are  placed  at  distances  of  about  two  and  a  half  in  every  inch.  This  sifting 
will  not  only  divide  the  charcoal  into  small  pieces,  but  will  cause  any  bits  of  wood  or 
other  improper  matters  to  be  separated  from  it. 

The  charcoal,  thus  prepared,  is  then  to  be  packed  lightly  in  cylindrical  vessels  called 
crucibles,  with  some  small  quantity  of  bones,  oil,  or  other  animal  matter  mixed  with  it. 
The  crucibles  are  then  to  be  closed  by  covers,  and  luted  at  the  joints',  leaving  no  other 
opening  but  one  small  hole  in  the  centre  of  the  cover,  through  which  any  gas,  generated 
within  the  vessel  when  placed  in  the  oven  or  furnace,  may  be  allowed  to  escape. 

The  crucibles  are  now  to  be  ranged  round  the  oven,  and  placed,  one  upon  another,  in 
vertical  positions ;  and  when  the  oven  is  properly  heated,  gas  will  be  generated  within 
each  crucible,  and  issue  out  from  the  central  hole.  The  gas  thus  emitted,  being  of  an 
inflammable  quality,  will  take  fire,  and  assist  in  heating  the  crucibles  ;  and  the  operation 
being  carried  on  until  the  crucibles  become  of  a  red  heat,  the  oven  is  then  to  be  closed. 
and  allowed  to  cool;  after  which  the  crucibles  are  to  be  removed,  when  the  charcoal  will 
be  found  to  have  become  perfectly  renovated,  and  fit  for  use  as  before. 

BORAX.  A  native  saline  compound  of  boracic  acid  and  soda,  found  abundantly  in 
Thibet  and  in  South  America.  The  crude  product  from  the  former  locality  was  imported 
into  Europe  under  the  name  of  tincal,  and  was  purified  from  some  adhering  fatty  matter 
by  a  process  kept  a  long  time  secret  by  the  Venetians  and  the  Dutch,  and  which  consisted 
chiefly  in  boiling  the  substance  in  water  with  a  little  quicklime. 

Gmelin  found  borax,  in  prismatic  crystals,  to  contain  46*6  percent,  of  water;  and 
Arvredson,  in  the  calcined  state,  to  consist  of  68-9  of  acid  and  3M  soda,  in  100  parts. 
M.  Payen  describes  an  octahedral  borax,  which  contains  only  30*64  per  cent,  of  water, 
and  is  therefore  preferred  by  the  brasiers  in  their  soldering  processes. 

Borax  has  a  sweetish,  somewhat  lixivial  taste,  and  affects  vegetable  colors  like  an  al- 
kali; it  is  soluble  in  12  parts  of  cold  and  2  of  boiling  water.  It  effloresces  and  becomes 
opaque  in  a  dry  atmosphere,  and  appears  luminous,  by  friction,  in  the  dark.  It  melts  at 
a  heat  a  little  above  that  of  boiling  water,  and  gives  out  its  water  of  crystallization,  after 
which  it  forms  a  spongy  mass,  called  calcined  borax.  The  octahedral  borax,  which  is 
prepared  by  crystallization,  in  a  solution  of  1-256  sp.  gr.,  kept  up  at  145°  F.,  is  not 
efflorescent.     When  borax  is  ignited,  it  fuses  into  a  glassy-looking  substance. 

The  following  is  the  improved  mode  of  purifying  borax.  The  crude  crystals  are  to 
be  broken  into  small  lumps,  and  spread  upon  a  filter  lined  with  a  lead  grating,  under 
which  a  piece  of  cloth  is  stretched  upon  a  wooden  frame.  The  lumps  are  piled  up  to 
the  height  of  12  inches,  and  washed  with  small  quantities  of  a  caustic  soda  ley  of  5°  B. 
(sp.  gr.  1-033)  until  the  liquor  comes  off  nearly  colorless;  they  are  then  drained,  and  put 
into  a  large  copper  of  boiling  water,  in  such  quantities  that  the  resulting  solution  stands 
20°  B.  (sp.  gr.  1-160.)  Carbonate  of  soda,  equivalent  to  12  per  cent,  of  the  borax, 
must  now  be  added ;  the  mixed  solution  is  allowed  to  settle,  and  the  clear  liquid  syphoned 
off  into  crystallizing  vessels.  Whenever  the  mother  waters  get  foul,  they  must  be 
evaporated  to  dryness  in  cast-iron  pots,  and  roasted,  to  burn  away  the  viscid  coloring 
matter. 

Borax  is  sometimes  adulterated  with  alum  and  common  salt ;  the  former  addition  may 
be  readily  detected  by  a  few  drops  of  water  of  ammonia^  which  will  throw  down  its  alu- 
mina ;  and  the  latter  by  nitrate  of  silver,  which  will  give  with  it  a  precipitate  insoluble 
in  nitric  acid. 

The  native  boracic  acid  obtained  from  the  lakes  of  Tuscany,  which  has  been  manu- 
factured in  France  into  borax,  has  greatly  lowered  the  price  of  this  article  of  commerce. 
When  MM.  Payen  and  Cartier  first  began  the  business,  they  sold  the  crystals  at  the 
same  price  as  the  Dutch,  viz.,  7  francs  the  kilogramme  (2i  lbs.  avoird.);  but,  in  a  few 
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years,  they  could  obtain  only  2  francs  and  60  centimes,  in  consequence  of  the  market 
getting  overstocked.  The  annual  consumption  of  France  in  1823  was  25,000  kilos.,  and 
the  quantity  produced  in  M.  Payen's  works  was  50,000.  The  mode  of  making  borax 
from  the  acid  is  as  follows : — The  lake  water  is  evaporated  in  graduation  houses,  and 
then  concentrated  in  boilers  till  it  crystallizes.  In  that  state  it  is  carried  to  Mar- 
seilles. About  500  kilogrammes  of  water  are  made  to  boil  in  a  copper,  and  600  kilo- 
grammes of  crystallized  carbonate  of  soda  are  dissolved  in  it  by  successive  additions 
of  20  kilogrammes.  The  solution  being  maintained  at  nearly  the  boiling  point,  500 
kilogrammes  of  llie  cnstallized  boracic  acid  of  Tuscany  are  introduced,  in  successive 
portions.  At  each  addition  of  about  10  kilogrammes,  a  lively  effervescence  ensues, 
on  which  account  the  copper  should  be  of  much  greater  capacity  than  is  sufficient  to 
contain  the  liquors.  When  the  whole  acid  has  been  added,  the  fire  must  be  damped 
by  being  covered  up  with  moist  ashes,  and  the  copper  must  be  covered  with  a  tight  lid 
and  blankets,  to  preserve  the  temperature  uniform.  The  whole  is  left  in  this  state 
during  30  hours;  the  clear  lia[uor  is  then  drawn  off  into  shallow  crystallizing  vessels  of 
lead,  in  which  it  should  stand  no  higher  than  10  or  12  inches,  to  favor  its  rapid  cooling. 
At  the  end  of  three  days  in  winter,  and  four  in  summer,  the  crystallization  is  usually 
finished.  The  mother  water  is  drawn  oft',  and  employed,  instead  of  simple  water, 
for  the  purpose  of  dissolving  fresh  crystals  of  soda.  The  above  crystals  are  carefully 
detached  with  chisels,  redissolved  in  boiling  water,  adding  for  each  100  kilos.,  10  kilos. 
of  carbonate  of  soda.  This  solution  marks  20°  B.  (sp.  gr.  1-160) ;  and,  at  least,  one  ton 
(1000  kilos.)  of  borax  should  be  dissolved  at  once,  in  order  to  obtain  crystals  of  a 
marketable  size.  Whenever  this  solution  has  become  boiling  hot,  it  must  be  run  off  into 
large  crystallizing  lead  chests  of  the  form  of  inverted  truncated  pyramids,  furnished  with 
lids,  enclosed  in  wooden  frames,  and  surrounded  with  mats  to  confine  the  heat.  For  a 
continuous  business,  there  should  be  at  least  18  vessels  of  this  kind  ;  as  the  solution 
takes  a  long  time  to  complete  its  crystallization,  by  cooling  to  30°  C.  (86°  F.)  The  bo- 
rax crystals  are  taken  out  with  chisels,  after  the  liquor  has  been  drawn  oflf,  and  the  whole 
has  become  cold. 

One  hundred  parts  of  the  purest  acid,  usually  extracted  from  the  lakes  of  Tuscany,  con- 
tain only  fifiy  parts  of  the  real  boracic  acid,  and  yield  no  more,  at  the  utmost,  than  140 
or  150  of  good  borax. 

Dry  borax  acts  on  the  metallic  oxydes  at  a  hish  temperature,  in  a  very  remarkable 
manner,  melting  and  vitrifying  them  into  beautiful  colored  glasses.  On  this  account,  it 
is  a  most  useful  reagent  for  the  blowpipe.  Oxyde  of  chrome  tinges  it  of  an  emerald 
green ;  oxyde  of  cobalt,  an  intense  blue ;  oxyde  of  copper,  a  pale  green  ;  oxyde  of  tin, 
opal ;  oxyde  of  iron,  bottle-green  and  yellow  ;  oxyde  of  mansanese,  violet ;  oxyde  of  nickel, 
pale  emerald  green.  The  white  oxydes  impart  no  color  to  it  by  themselves.  In  the  fu- 
sion of  metals,  borax  protects  their  surface  from  oxydizement,  and  even  dissolves  away 
any  oxydes  formed  upon  them  ;  by  which  twofold  agency  it  becomes  an  excellent  flux,  in- 
valuable to  the  goldsmith  in  soldering  the  precious  metals,  and  to  the  brasier  in  soldering 
copper  and  iron. 

Borax  absorbs  muriatic  and  sulphurous  acid  gases,  but  no  others,  whereby  it  becomes, 
in  this  respect,  a  useful  means  of  analysis. 

The  strength  or  purity  of  borax  may  be  tested  by  the  quantity  of  sulphuric  acid  requi- 
site to  neutralize  a  civen  weight  of  it,  as  indicated  by  tincture  of  litmus. 

When  mixed  with  shell-lac  in  the  proportion  <.f  one  part  to  five,  borax  renders  that 
resinous  body  soluble  in  water,  and  forms  Avith  it  a  species  of  varnish. 

Boracic  acid  is  a  compound  of  31*19  of  boron,  and  68*81  oxygen,  in  100  parts.  Its 
prime  equivalent  referred  to  oxygen  100,  is  871-96. 

The  following  process  for  refining  the  native  Indian  borax  or  tincal,  has  been  published 
by  MM.  Robiquct  and  Marchand  : — 

It  is  put  into  large  tubs,  covered  with  water  for  3  or  4  inches  above  its  surface,  and 
stirred  through  it  several  times  durins;  six  hours.  For  400  pounds  of  the  tincal,  there 
must  now  be  added  one  pound  of  quicklime  diffused  through  two  quarts  of  water.  Next 
day  the  v^^hole  is  thrown  upon  a  sieve,  to  drain  off  the  water  with  the  impurities,  con- 
sisting, in  some  measure,  of  the  fatty  matter  combined  with  the  lime,  as  an  insoluble 
soap.  The  borax,  so  far  purified,  is  to  be  dissolved  in  2^  times  its  weight  of  boiling 
water,  and  eight  pounds  of  muriate  of  lime  are  to  be  added  for  the  above  quantity  of  bo- 
rax. The  liquor  is  now  filtered,  evaporated  to  the  density  of  18°  or  20°  B.  (1-14  to  1-16 
sp.  grav.),  and  set  to  crystallize  in  vessels  shaped  like  inverted  pyramids,  and  lined  with 
lead.  At  the  end  of  a  few  days,  the  crj-stallization  being  completed,  the  mother  waters 
are  drawn  off,  the  crystals  are  detached  and  dried.  The  loss  of  weight  in  this  operation 
is  about  20  per  cent. 

The  quantity  of  borax  imported  into  the  United  Kingdom  in  1835  was  335,224  pounds ; 
whereof  122,022  pounds  were  exported.  The  duty  is  10*.  upon  the  refined,  and  4s. 
unrefined. 
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BOOKBINDING  is  the  art  of  sewing  together  the  sheets  of  a  book,  and  securmg 
hem  with  a  back  and  side  board?.  Binding  is  distinguished  from  stitching,  which  is 
merely  sewing  the  leaves  without  bands  or  backs;  and  from  half  binding,  which  con- 
sists in  securing  the  back  only  with  leather,  the  pasteboard  sides  being  covereil  with 
blue  or  marble  paper ;  whereas  in  binding,  both  the  back  and  sides  are  covered  with 
leather. 

Bookbinding,  according  to  the  present  mode,  is  performed  in  the  following  manner : 
— The  sheets  are  first  folded  into  a  certain  number  of  leaves,  according  to  the  form  in 
which  the  book  is  to  appear ;  viz.,  two  leaves  for  folios,  four  for  quartos,  eight  for 
octavos,  twelve  for  duodecimos,  &,c.  This  is  done  with  a  slip  of  ivory  or  boxwood, 
called  a  folding-stick ;  and  in  the  arrangement  of  the  sheets  the  workmen  are  directet 
by  the  catch-words  and  signatures  at  the  bottom  of  the  pages.  When  the  leaves  are  thu& 
folded  and  arranged  in  proper  order,  they  are  usually  beaten  upon  a  stone  with  a  heavy 
hammer,  to  make  them  solid  and  smooth,  and  are  then  condensed  in  a  press.  After 
this  preparation  they  are  sewed  in  a  sewing  press,  upon  cords  or  packthreads  called 
bands,  which  are  kept  at  a  proper  distance  from  each  other,  by  drawing  a  thread  through 
the  middle  of  each  sheet,  and  turning  it  round  each  band,  beginning  with  the  first  and 
proceeding  to  the  last.  The  number  of  bands  is  generally  six  for  folios,  and  five  for 
quartos,  or  any  smaller  size.  The  backs  are  now  glued,  and  the  ends  of  the  bands  are 
opened,  and  scraped  with  a  knife,  that  they  may  be  more  conveniently  fixed  to  the  paste- 
board sides;  after  which  the  back  is  turned  with  a  hammer,  the  book  being  fixed  in  a 
press  between  boards,  called  backing  boards,  in  order  to  make  a  groove  for  admitting  the 
pasteboard  sides.  When  these  sides  are  applied,  holes  are  made  in  them  for  drawing 
the  bands  through,  the  superfluous  ends  are  cut  oft',  and  the  parts  are  hammered 
smooth.  The  book  is  next  pressed  for  cutting;  which  is  done  by  a  particular  machine 
called  the  plough,  to  which  is  attached  a  knife.  See  the  figures  and  descriptions  infra. 
It  is  then  put  into  a  press  called  the  cutting  press,  betwixt  two  boards,  one  of  which 
lies  even  with  the  press,  for  the  knife  to  run  upon  ;  and  the  other  above  for  the  knife 
to  cut  against.  After  this  the  pasteboards  are  cut  square  with  a  pair  of  iron  shears ; 
and  last  of  all,  the  colors  are  sprinkled  on  the  edges  of  the  leaves,  with  a  brush  made 
of  hog's  bristles ;  the  brush  being  held  in  the  one  hand,  and  the  hair  moved  with  the 
other. 

Difiierent  kinds  of  binding  are  distinguished  by  diff"erent  names,  such  as  law  binding, 
marble  binding,  French  binding,  Dutch  binding,  &c.  In  Dutch  binding,  the  backs  are 
vellum.  In  French  binding  a  slip  of  parchment  is  applied  over  the  back  between  each 
band,  and  the  ends  are  pasted  upon  the  inside  of  each  pasteboard.  This  indorsing,  as  it 
is  called,  is  peculiar  to  the  French  binders ;  who  are  enjoined,  by  special  ordonnunce,  to 
back  their  books  with  parchment.  The  parchment  is  applied  in  the  press,  after  the  back 
has  been  grated  to  make  the  paste  take  hold.  The  Italians  still  bind  in  a  coarse  thick 
paper,  and  this  they  call  binding  alia  rustica.  It  is  extremely  inconvenient,  as  it  is  lia- 
ble to  wear  without  particular  care. 

A  patent  was  obtained  in  1799  by  Messrs.  John  and  Joseph  Williams,  stationers  in 
London,  for  an  improved  method  of  binding  books  of  every  description.  The  improve- 
ment consists  of  a  back,  in  any  curved  form,  turned  a  little  at  the  edges,  and  made  of 
iron,  steel,  copper,  brass,  tin,  or  of  ivory,  bone,  wood,  vellum,  or,  in  short,  any  material 
of  sufficient  firmness.  This  back  is  put  on  the  book  before  it  is  bound,  so  as  just  to 
cover  without  pressing  the  edges ;  and  the  advantage  of  it  is  that  it  prevents  the  book, 
when  opened,  from  spreading  on  either  side,  and  causes  it  to  rise  in  any  part  to  nearly  a 
level  surface.  In  this  method  of  binding  the  sheets  are  prepared  in  the  usual  manner, 
then  sewed  on  vellum  slips,  glued,  cut,  clothed,  and  boarded,  or  half  boarded;  the  firm 
back  is  then  fastened  to  the  sides  by  vellum  drawn  tlirough  holes,  or  secured  by  enclosing 
it  in  vellum  or  ferret  wrappers,  or  other  materials  pasted  down  upon  the  boards,  or  drawn 
through  them. 

A  patent  was  likewise  obtained  in  1800  by  Mr.  Ebenezer  Pakner,  a  London  stationer, 
for  an  improved  way  of  binding  books,  particularly  merchants'  account-books.  This  mni- 
provement  has  been  described  as  follows : — let  several  small  bars  of  metal  be  provided, 
abotxt  the  thickness  of  a  shilling  or  more,  according  to  the  size  and  thickness  of  the 
book  ;  the  length  of  each  bar  being  from  half  an  inch  to  several  inches,  in  proportion  to 
the  strength  required  in  the  back  of  the  book.  At  each  end  of  every  bar  let  a  pivot  be 
made  of  diflerent  lengths,  to  correspond  to  the  thickness  of  two  links  which  they  are  to 
receive.  Each  link  must  be  made  in  an  oval  form,  and  contain  two  holes  proportioned 
to  the  size  of  the  pivots,  these  links  to  be  the  same  metal  as  the  hinge,  and  each  of 
them  nearly  equal  in  length  to  the  width  of  two  bars.  The  links  are  then  to  be  riveted 
on  the  pivots,  each  pivot  receiving  two  of  them,  and  thus  holding  the  hinge  together, 
on  the  principle  of  a  link-chain  or  hinge.  There  must  be  two  holes  or  more  of  cUfferent 
sizes,  as  may  be  required,  on  each  bar  of  the  hinge  or  chain  ;  by  means  of  these  holes 
each  section  of  the  book  is  strongly  fastened  to  the  hinge  which  operates  with  the  back 
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of  the  book,  when  bound,  in  such  a  manner  as  to  make  the  different  sections  parallel 
with  each  other,  and  thus  admit  writing  without  inconvenience  on  the  ruled  lines,  close 
to  the  back. 

The  leather  used  in  covering  books  is  prepared  and  applied  as  follows:  being  first 
moistened  in  water,  it  is  cut  to  the  size  of  the  book,  and  the  thickness  of  the  edge  is 
paired  ofl  on  a  marble  stone.  It  is  next  smeared  over  with  paste  made  of  wheat  flour, 
stretched  over  the  pasteboard  on  the  outside,  and  doubled  over  the  edges  within.  The 
book  is  then  corded,  that  is,  bound  firmly  betwixt  two  boards,  to  make  the  cover  stick 
strongly  to  the  pasteboard  and  the  back ;  on  the  exact  performance  of  which  the  neat- 
ness of  the  book  in  a  great  measure  depends.  The  back  is  then  warmed  at  the  fire  to 
soften  the  glue,  and  the  leather  is  rubbed  down  with  a  bodkin  or  folding  stick,  to  set  and 
fix  it  close  to  the  back  of  the  book.  It  is  now  set  to  dry,  and  when  dry,  the  boards  are 
removed ;  the  book  is  then  washed  or  sprinkled  over  with  a  little  paste  and  water,  the 
edges  and  squares  blacked  with  ink,  and  then  sprinkled  fine  with  a  brush,  by  striking  it 
against  the  hand  or  a  slick;  or  with  large  spots,  by  being  mixed  with  solution  of  green 
vitriol,  which  is  called  marbling.  Two  blank  leaves  are  then  pasted  down  to  the  cover, 
and  tlie  leaves,  Avhen  dry,  are  burnished  in  the  press,  and  the  cover  rolled  on  the  edges. 
The  cover  is  now  glazed  twice  with  the  white  of  an  egg,  filleted,  and,  last  of  all,  polished, 
by  passing  a  hot  iron  over  the  glazed  color. 

The  employment  in  bookbinding  of  a  rolling  press  for  smoothing  and  condensing  the 
leaves,  instead  of  the  hammering  which  books  have  usually  received,  is  an  improvement 
introduced  several  years  ago  into  the  trade  by  Mr.  W.  Burn.  His  press  consists  of  two 
iron  cylinders  about  a  foot  in  diameter,  adjustable  in  the  usual  way,  by  means  of  a  screw, 
and  put  in  motion  by  the  power  of  one  man  or  of  two,  if  need  be,  applied  to  one  or  two 
winch-handles.  In  front  of  the  press  sits  a  boy  who  gathers  the  sheets  into  packets,  by 
placing  two,  three,  or  four,  upon  a  piece  of  tin  plate  of  the  same  size,  and  covering  them 
with  another  piece  of  tin  plate,  and  thus  proceeding  by  alternating  tin  plates  and  bundles 
of  sheets  lill  a  sufficient  quantity  have  been  put  together,  which  will  depend  on  the  stiff- 
ness and  thickness  of  the  paper.  The  packet  is  then  passed  between  the  rollers  and  re- 
ceived by  the  man  who  turns  the  winch,  and  who  has  time  to  lay  the  sheets  on  one  side, 
and  to  hand  over  the  tin  plates  by  the  time  that  the  boy  has  prepared  a  second  packet. 
A  minion  Bible  may  be  passed  through  the  press  in  one  minute,  whereas  the  time 
necessary  to  beat  it  would  be  twenty  minutes.  It  is  not,  however,  merely  a  saving  of 
time  that  is  gained  by  the  use  of  the  rolling-press;  the  paper  is  made  smoother  than  it 

would  have  been  by  beating,  and  the  compression  is 
so  much  greater,  that  a  rolled  book  will  be  reduced 
to  about  five  sixths  of  the  thickness  of  the  same  book 
if  beaten.  A  shelf,  therefore,  that  will  hold  fifty 
books  bound  in  the  usual  way  would  hold  nearly 
sixty  of  those  bound  in  this  manner,  a  circumstance 
of  no  small  importance,  when  it  is  considered  how 
large  a  space  even  a  moderate  library  occupies,  and 
that  book-cases  are  an  expensive  ariicle  of  furniture. 
The  rolling-press  is  now  substituted  for  the  hammer 
by  several  considerable  bookbinders. 

Fig.  141  represents  the  sewing-press,  as  it  stands 
upon  the  table,  before  which  the  bookbinder  sits. 
Fig.  142  is  a  ground  plan,  without  the  parts  a  and 
n  in  the  former  figure,  a  is  the  base-board,  sup- 
ported upon  the  cross  bars  ?«  n,  marked  with  dotted 
lines  in_^g.  142.  Upon  the  screw  rods  r  r,fig.  141,  the  nuts  t  d  serve  to  fix  the  flat  upper 
bar  n,  at  any  desired  distance  from  the  base.  That  bar  has  a  slit  along  its  middle,  through 
which  the  hooks  below  c  z  pass  down  for  receiving  the  ends  of  the  sewing  cords  p  p, 

fixed  at  y  y,  and  stretched  by  the  thumb-screws  -  z. 
The  bar  y  y  is  let  into  an  oblong  space  cut  out  of  the 
front  edge  of  the  base-board,  and  fixed  there  by  a 
moveable  pin  a,  and  a  fixed  pin  at  its  other  end,  round 
which  it  turns. 

Fig.  143  is  the  bookbinder's  cutting-press,  which  is 
set  upright  upon  a  sort  of  chest  for  the  reception  of 
the  paper  parings ;  and  consists  of  three  sides,  being 
open  above  and  to  the  left  hand  of  the  workman. 
The  pressbar,  or  beam  a,  has  two  holes  n  n  upon  its 
under  surface,  for  securing  it  to  two  pegs  standing  on 
the  top  of  the  chest.  The  screw  rods  t  t  pass  through 
two  tapped  holes  in  the  bar,  marked  with  6  c  at  its 
Upper  end ;  their  heads  r  r  being  held  by  the  shoulders  o  o.     The  heads  are  pierced  with 
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noles  into  which  lever  pins  are  thrust  for  screwing  the  rods  hard  up.  The  heavy  beam 
a  remains  immoveable,  while  the  parallel  bar  with  the  book  is  brought  home  towards  it 
by  the  two  screws.  The  two  rulers  s  s  serve  as  guides  to  preserve  the  motions  truly 
parallel ;  and  the  two  parallel  lath  bars  h  c  guide  between  them  the  end'  bar  e,  of  the 
plough,  whose  knife  is  shown  at  i,  with  its  clamping  screw  2. 

Mr.  Oldham,  printing  engineer  of  the  Bank  of  England,  distinguished  for  mechanical 
ingenuity,  has  contrived  a  convenient  machine  for  cutting  the  edges  of  books,  banknotes, 
&c.,  either  truly  square  or  polygonal,  with  mathematical  precision.  Fig.  144,  represents 
an  end  elevation  of  the  machine.  Fig.  145,  a  side  view  of  the  same,  the  letters  of 
reference  indicating  the  same  parts  of  the  machine  in  each  of  the  figures. 

a,  is  the  top  cross  bar  with  rectangular  grooves  b  b ;  c  c,  are  side  posts ;  d  d,  cross  feet 
to  the  same,  with  strengthening  brackets;  e  e,  a.  square  box,  in  which  the  press  stands, 
for  holding  waste  cuttings.  Fig.  146,  is  a  cross  section  of  the  upright  posts,  c  c,  taken 
horizontally.  There  are  rectangular  grooves  in  the  upright  posts,  for  the  projecting  ends 
of  the  cast  iron  cross  bracket/,  to  slide  up  and  down  in.  In  the  middle  of  the  under-side 
of  this  piece  f,  there  is  a  boss,  within  which  is  a  round  recess,  to  receive  the  top  of  the 
screw  g,  which  works  in  the  cast  iron  cross  piece  h,  similarly  made  with  the  former,  but 
bolted  firmly  to  the  posts  c  c.  Upon  the  screw  g,  there  is  a  circular  handle  or  ring  i,  for 
144  145 


partially  turning  the  screw,  and  immediately  over  it  cross  holes  for  ti.;htening  the  press 

by  means  of  a  lever  bar.     Upon  the  cross  piece  /,  is  bolted  the  board  j,  and  upon  each 

end  of  this  board  is  made  fast  the  rabbeted  pieces  k  k,  for  aaother  board  I,  to  slide  in. 

148 
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Across  the  middle  of  this  board,  and  parallel  to  the  pieces  k  k,  the  tongue  piece  m  is 
made  fast,  which  fits  into  a  groove  in  the  bottom  of  board  I.  A  horizontal  representation 
of  this  is  seen  at  fig.  147,  and  immediately  under  this  view  is  also  seen  an  end  view  of  I 
and  /,  connected  together,  and  a  side  view  of/  by  itself.    In  the  middle  of  the  board  If 
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is  a  pin  for  a  circular  board  «,  to  turn  upon,  and  upon  this  letter  board  is  placed  the 
"  material  to  be  cut,"  with  a  saving  piece  between  it,  and  the  circular  piece  which  is  to 
be  divided  upon  its  edge  into  any  number  of  parts  required,  with  a  stationary  index  on 
the  board  I,  to  point  to  each. 

It  will  now  be  understood  thai  the  "  material  to  be  cut,"  may  be  turned  round  upon 
the  centre  pin  of  tlie  board  n,  and  also  that  both  it  and  the  board  can  be  shifted  back- 
ward and  forward  under  the  top  cross  piece  a,  and  between  the  side  slide  slips  k  k,  the 
surfaces  of  which  should  also  be  divided  into  inches  and  tenths. 

The  plough,  fig.  148,  shown  in  several  positions,  is  made  to  receive  two  knives  or 
cutters  as  the  "  material  to  be  cut"  may  require,  and  which  are  situated  in  the  plough 
as  I  now  describe.  The  plough  is  composed  of  three  principal  parts,  namely,  the  top, 
and  its  two  sides.  The  top  o,  is  made  the  breadth  of  the  cross  piece  n,  and  with  a 
handle  made  fast  thereon.  The  sides  j)  p,  are  bolted  thereto,  with  bolts  and  nuts  through 
corresponding  holes  in  the  top  and  sides.  The  figures  below  give  inside  views,  and 
cross  sections  of  the  details  of  the  manner  in  which  the  cutters  and  adjustments  are 
mounted.  A  groove  is  cut  down  each  cheek  or  side,  in  which  are  placed  screws  that 
are  held  at  top  and  bottom  from  moving  up  and  down,  but  by  turning  they  cause  the 
nuts  upon  them  to  do  so ;  they  are  shown  at  q  q.  These  nuts  have  each  a  pin  projecting 
inwards,  that  go  into  plain  holes  made  in  the  top  ends  of  cutters  r  r.  The  148th  and 
following  figs,  are  \  in  scale. 

The  cutters,  and  the  work  for  causing  them  to  go  up  and  down,  are  sunk  into  the 
cheeks,  so  as  to  be  quite  level  with  their  inner  surfaces.  Fig.  149  shows  one  of  those 
screws  apart,  how  fixed,  and  with  moveable  nut  and  projecting  pin.  The  top  of  each 
screw  terminates  with  a  round  split  down,  and  above  it  a  pinion  wheel  and  boss  thereon, 
also  similarly  split.  This  pinion  fits  upon  the  split  pin.  Above,  there  is  a  cross  section 
of  a  hollow  coupling  cap  with  steel  tongue  across,  that  fits  into  both  the  cuts  of  the  screw 
pin  and  pinion  boss,  so  that  when  lowered  upon  each  other,  they  must  all  turn  tosether. 
In  the  middle  and  on  the  top  of  the  upper  piece  o,  the  larger  wheel  s,  runs  loose  upon  its 
centre,  and  works  into  the  two  pinion-wheels  1 1.  The  wheels  has  a  fly-nut  with  wings 
mounted  upon  it. 

It  will  now  be  seen,  when  the  plough  is  in  its  place  as  at  fig.  150,  that  if  it  be  pushed 
to  and  fro  by  the  right  hand,  and  the  nut  occasionally  turned  by  the  left,  the  knives  or 
cutlers  wUl  be  protruded  downwards  at  the  same  time,  and  these  either  will  or  will  not 
advance  as  the  coupling  caps  uu  are  on  or  off  The  ribsvi',  run  in  the  grooves  h  b, 
fig.  144,  and  keep  the  cutters  to  their  duty,  working  steadily.  The  top  cross  bar  a,  is  the 
exact  breadth  of  a  bank-note,  by  which  means  both  knives  are  made  to  cut  at  the  same 
time.     The  paper  is  cut  uniformly  to  one  length,  and  accurately  square. 

By  the  use  of  this  machine,  the  air-pump  paper-wetting  apparatus,  and  appendant 
press,  the  paper  of  4.5,000  notes  is  fully  prepared  in  one  hour  and  a  half  by  one  person, 
and  may  then  be  printed.  It  is  not  so  much  injured  by  this  process  as  by  the  ordinary 
method  of  clipping  by  hand,  soaking  it,  &c.,  which  more  or  less  opens  and  weakens  the 
fabric,  especially  of  bank-note  paper. 

One  of  the  greatest  improvements  ever  made  in  the  art  of  bookbinding  is,  apparently, 
that  for  which  Mr.  William  Hancock  has  very  recently  obtained  a  patent.  After 
folding  the  sheets  in  double  leaves,  he  places  them  vertically,  with  the  edees  forming  the 
back  of  the  book  downwards  in  a  concave  mould,  of  such  rounded  or  semi-cylindrical 
shape  as  the  back  of  the  book  is  intended  to  have.  The  mould  for  this  purpose  consists 
of  two  parallel  upright  boards,  set  apart  upon  a  cradle  frame,  each  having  a  portion  or 
portions  cut  out  vertically,  somewhat  deeper  than  the  breadth  of  the  book,  but  of  a  width 
nearly  equal  to  its  thickness  before  it  is  pressed.  One  of  these  upright  boards  may  be 
slidden  nearer  to  or  farther  from  its  fellow,  by  means  of  a  guide  bar,  attached  to  the  sole 
of  the  cradle.  Thus  the  distance  between  the  concave  bed  of  the  two  vertical  slots  in 
which  the  book  rests,  may  be  varied  according  to  the  length  of  the  leaves.  In  all  cases 
a&out  one  fourth  of  the  length  of  the  book  at  each  end  projects  beyond  the  board,  so 
that  one  half  rests  between  the  two  boards.  Two  or  three  packthreads  are  now  bound 
round  the  leaves  thus  arranged,  from  top  to  bottom  of  the  page  in  different  lines,  ia 
order  to  preserve  the  form  given  to  the  back  of  the  mould  in  which  it  lay.  The  book  is 
next  subjected  to  the  action  of  the  press.  The  back,  which  is  left  projecting  very  slightly 
in  front,  is  then  smeared  carefully  by  the  fingers  with  a  solution  of  caoutchouc,  whereby 
each  paper-edge  receives  a  small  portion  of  the  cement.  In  a  few  hours  it  is  sufficiently 
dry  to  take  another  coat  of  a  somewhat  stronger  caoutchouc  solution.  In  48  hours,  4  ap- 
plications of  the  caoutchouc  may  be  made  and  dried.  The  back  and  the  adjoining  part 
of  the  sides  are  next  covered  with  the  usual  band  or  fillet  of  cloth,  glued  on  with  caout- 
chouc ;  after  which  the  book  is  ready  to  have  the  boards  attached,  and  to  be  covered  with 
leather  or  parchment  as  may  be  desired. 

We  thus  see  that  Mr.  Hancock  dispenses  entirely  with  the  operations  of  stitchmg, 
sewing,  sawing-in,  hammering  the  back,  or  the  use  of  paste  and  glue.     Instead  of  leaves 
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attached  by  thread  stitches  at  2  or  3  points,  we  have  them  agghitinated  securely  along 
their  whole  length.  Books  bound  in  this  way  open  so  perfectly  flat  upon  a  table 
■without  strain  or  resilience,  that  they  are  equally  comfortable  to  the  student,  the  musician, 
and  the  merchant.  The  caoutchouc  cement  moreover,  being  repulsive  to  insects,  and  not 
affected  by  humidity,  gives  this  mode  of  binding  a  great  superiority  over  the  old  method 
with  paste  or  glue,  which  attracted  the  ravages  of  the  moth,  and  in  damp  situations 
allowed  the  book  to  fall  to  pieces.  For  engravings,  atlases,  and  legers,  this  binding  is 
admirably  adapted,  because  it  allows  the  pages  to  be  displayed  most  freely,  without  the 
risk  of  dislocating  the  volume ;  but  for  security,  3  or  4  stitches  should  be  made.  The  leaves 
of  music-books  bound  with  caoutchouc,  when  turned  over,  lie  flat  at  their  whole  extent, 
as  if  in  loose  sheets,  and  do  not  torment  the  musician  like  the  leaves  of  the  ordinary 
books,  which  are  so  ready  to  spring  back  again.  Manuscripts  and  collections  of 
letters  which  happen  to  have  little  or  no  margin  left  at  the  back  for  stitching  them  by, 
may  be  bound  by  Mr.  Hancock's  plan  without  the  least  encroachment  upon  the  writing. 
The  thickest  legers,  thus  bound,  open  as  easily  as  paper  in  quire,  and  may  be  written  on 
up  to  the  innermost  margin  of  the  book  without  the  least  inconvenience. 

Having  inspected  various  specimens  of  Mr.  Hancock's  workmanship,  I  willingly  bear 
testimony  to  the  truth  of  the  preceding  statement.     See  Cloth  Binhing. 

BOTTLE  MANUFACTURE.  The  fol- 
lowing mechanism  for  moulding  bottles 
forms  the  subject  of  a  patent  obtained  by 
Henry  Rickets  of  BristcJl.  in  1822.  Fig.  151 
is  a  section  of  the  apparatus,  consisting  of 
a  sq\)are  frame,  a  a,  of  iron  or  wood;  this 
is  fixed  in  a  pit  formed  in  the  floor ;  b  b 
is  the  base  of  the  frame,  with  an  aper- 
ture for  knocking  up  the  bottom  of  the 
bottle ;  c  c  are  four  legs  secured  to  the 
frame- floor  b,  upon  which  the  mould  is 
supported.  The  platform  or  stand  of  the 
mould  d  d  has  an  opening  in  its  centre  for 
the  introduction  of  the  bottom  of  the 
mould,  which  is  raised  against  the  bottom 
of  the  bottle  by  the  knocker-up;  e  e  are 
the  sides  of  the  mould  ;  and  //  is  the  top 
of  the  mould  in  two  pieces,  turning  over 
upon  the  joints  at  g  g,  so  as  to  form  the 
neck  of  the  bottle  ;  h  h  are  levers  or  arms 
for  raising  and  depressing  the  top  pieces; 
i  i  is  a  horizontal  shaft  or  axle,  turning  in 
bearings  at  each  end,  from  which  shaft  two 
levers,  k  k,  extend ;  these  levers  are  con- 
nected by  upright  rods,  1 1,  to  the  levers  or 
arms,  h  h,  of  the  top  pieces//. 

The  wcislil  of  the  arms  /;  h,  and  rods  I  I,  will,  by  their  gravity,  cause  the  top  pieces 
to  open,  as  shown  by  the  dotted  lines;  in  this  situation  of  the  mould,  the  melted  glass 
is  to  be  introduced  by  a  tube  as  usual.  The  workman  then  steps  with  one  foot  upon 
the  knob  m,  which  forces  down  the  rod  n,  and  by  means  of  a  short  lever  o,  extending  from 
the  shaft  i,  forces  down  the  top  pieces  /,  and  closes  the  mould,  as  seen  in  the  figure;  the 
glass  is  then  made  to  extend  itself  to  the  shape  of  the  mould,  by  blowing  as  usual,  so  as 
to  form  the  bottle,  and  the  workman  at  this  time  putting  his  other  foot  upon  the  knob  p, 
depresses  the  rod  q,  and  hence  raises  the  bottom  of  the  mould  by  means  of  the  knocker- 
np,  r,  so  as  to  form  the  bottom  of  the  bottle. 

At  the  bottom  of  the  mould  a  ring  is  introduced  of  any  required  thickness,  for  the 
purpose  of  regulating  the  capacity  of  the  bottle  ;  upon  which  ring  it  is  proposed  to 
raise  letters  and  figures,  as  a  mould  to  imprint  the  maker's  name  and  the  size  of  the 
bottle.  These  moulds  can  be  removed  and  changed  at  pleasure.  Under  the  knob  p, 
a  collar  or  washer  is  to  be  introduced,  of  any  required  thickness,  to  regulate  the 
knocking  up  of  the  bottom,  by  which  a  perfect  symmetry  of  form  is  presented.  In 
order  to  make  bottles  of  difl'erent  sizes  or  forms,  the  mould  is  intended  to  be  removed, 
audits  place  supplied  by  another  mould  of  different  dimensions  and  figure;  the  lower 
parts  of  all  the  moulds  being  made  to  fit  the  same  frame.  Such  a  mould  ought  to  be 
prescribed  by  legislative  enactment,  with  an  excise  stamp  to  define  the  capacity  of  every 
bottle,  and  thereby  put  an  end  to  the  interminable  frauds  committed  in  the  measure  of 
•wine  and  all  other  liquors  sold  by  the  bottle. 

BOUGIE.  A  smooth,  flexible,  elastic,  slender  cylinder,  introduced  into  the  urethra, 
rectum,  or  oesophagus,  for  opening  or  dilating  it,  in  cases  of  stricture  and  other  diseases. 
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The  invention  of  this  instrument  is  claimed  by  Aldereto,  a  Portuguese  physician,  but  its 
form  and  uses  were  first  described  by  his  pupil  Amatus,  in  the  year  1554.  Some  are 
solid,  and  some  hollow  ;  some  corrosive,  and  some  mollifying.  They  generally  owe  their 
elasticity  to  linseed  oil,  inspissated  by  long  boiling,  and  rendered  drying  by  litharge. 
This  viscid  matter  is  spread  upon  a  very  fine  cord  or  tubular  web  of  cotton,  flax,  or  silk, 
which  is  rolled  upon  a  slab  when  it  becomes  nearly  solid  by  drying,  and  is  finally  polished 
in  the  same  way. 

Pickel,  a  French  professor  of  medicine,  published  the  following  recipe  for  the  com- 
position of  bougies.  Take  3  parts  of  boiled  linseed  oil,  one  part  of  amber,  and  one 
of  oil  of  turpentine;  melt  and  mix  these  ingredients  well  together,  and  spread  the 
compound  at  three  successive  intervals  upon  a  silk  cord  or  web.  Place  the  pieces 
so  coated  in  a  stove  heated  to  150°  F. ;  leave  them  in  it  for  12  hours,  adding  15 
or  16  fresh  layers  in  succession,  till  the  instruments  have  acquired  the  proper  size. 
Polish  them  first  with  pumice-stone,  and  finally  smooth  with  tripoli  and  oil.  Tliis  pro- 
cess is  the  one  still  employed  in  Paris,  with  some  slight  modifications;  the  chief  of 
which  is  dissolving  in  the  oil  one  twentieth  of  its  weight  of  caoutchouc  to  render  tlie 
substance  more  solid.  For  this  purpose  the  caoutchouc  must  be  cut  into  slender 
shreds,  and  added  gradually  to  the  hot  oil.  The  silk  tissue  must  be  fine  and  open,  to 
admit  of  the  composition  entering  freely  among  its  filaments.  Each  successive  layer 
ought  to  be  dried  first  in  a  stove,  and  then  in  the  open  air,  before  another  is  applied. 
This  process  takes  two  months  for  its  completion,  in  forming  the  best  bougies  called 
elastic ;  which  ous:ht  to  bear  twisting  round  the  finger  without  cracking  or  scaling,  and 
extension  without  giving  way,  but  retracting  when  let  go.  When  the  bougies  are  to  be 
hoUow,  a  mandril  of  iron  wire,  properly  bent  with  a  ring  at  one  end,  is  introduced  into 
the  axis  of  the  silk  tissue.  Some  bougies  are  made  with  a  hollow  axis  of  tin  foil  rolled 
into  a  slender  tube.  Bougies  are  also  made  entirely  of  caoutchouc,  by  the  intervention 
of  a  solution  of  this  substance  in  sulphuric  ether,  a  menstruum  sufficiently  cheap  in 
France,  on  account  of  the  low  duty  upon  alcohol.  There  are  medicated  bougies,  the 
composition  of  which  belongs  to  surgical  pharmacy.  The  manufacture  of  these  instru- 
ments of  various  kinds  forms  a  separate  and  no  inconsiderable  branch  of  industry  at 
Paris.     MM.  Feburger  and  Lamotle  are  eminent  in  this  line. 

BRACES.  (Bretclles,  Ft.  ;  Hosenirliger,  Germ.)  Narrow  fillets  or  bands  of  leather 
or  textile  fabric,  which  pass  over  the  shoulders,  and  are  attached  behind  and  before  to 
the  waistbands  of  pantaloons  and  trousers,  in  the  act  of  wearing  them,  for  supporting 
tlieir  weight,  and  bracing  them  up  to  the  body.  It  is  a  useful  modern  invention,  super- 
seding the  necessity  of  girding  the  belly  with  a  tisht  girdle,  as  in  former  times. 

BRAIDIXG  MACHINE.  iMachine  a  lacets,  Fr.  ;  Borteniverkerstuhl,  Germ.)  This 
being  employed  not  only  to  manufacture  stay-laces,  braid,  and  upholsterers'  cord,  but 
to  cover  the  threads  of  caoutchouc  for  weaving  brace-bands,  deserves  a  description  in 
this  work.  Three  threads  at  least  are  required  to  make  such  a  knitted  lace,  but  11,  13, 
or  17,  and  even  29  threads  are  often  employed,  the  first  three  numbers  being  preferred. 
They  are  made  by  means  of  a  frame  of  a  very  ingenious  construction,  which  moves  by 
a  continuous  rotation.  We  shall  describe  a  frame  with  13  threads,  from  which  the 
structure  of  the  others  may  be  readily  conceived.     The  basis  of  the  machine  consists  of 


four  strong  wooden  uprights.  A,  figs.  156,  157,  158,  occupying  the  four  angles  of  a 
rectangle,  of  which  one  side  is  14  inches  long,  the  other  18  inches,  and  the  height  of  the 
rectangle  about  40  inches.  Fig.  156  is  a  section  in  a  horizontal  plane,  passing  through 
the  line  a  b  of  fig.  157,  which  is  a  vertical  section  in  a  plane  passing  through  the  centre  of 
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the  machine  c,  according  to  the  line  c  d,fig.  156.  The  side  x  is  supposed  to  be  the  front 
of  the  frame ;  and  the  opposite  side,  y,  the  back.  B,  six  spindles  or  skewers,  numbered, 
from  1  to  6,  placed  in  a  vertical  position  upon  the  circumference  of  a  circle,  whose  centre 
coincides  with  that  of  the  machine  at  the  point  c.  These  six  spindles  are  composed, 
1.  Of  so  many  iron  shafts  or  axes  d,  supported  in  brass  collets  e  (fig.  157),  and  ex- 
tended downwards  within  six  inches  of  the  ground,  where  they  lest  in  brass  steps  fixed 
upon  a  horizontal  beam.  2.  Wooden  heads,  made  of  horn-beam  or  nut-tree,  placed,  the 
first  upon  the  upper  end  of  each  spindle,  opposite  the  cut-out  beam  f,  and  the  second 
opposite  the  second  beam  g.  3.  Wooden-toothed  wheels,  h,  reciprocally  working 
together,  placed  between  the  beam  g  and  the  collet-beam  e.  The  toothed  wheels  and 
the  lower  heads  for  each  spindle  are  in  one  piece. 

The  heads  and  sliafts  of  the  spindles  No.  1  and  6,  are  one  fifth  stronger  than  those  of 
the  other  spindles ;  their  heads  have  five  semicircular  grooves,  and  wheels  of  60  teeth, 
while  the  heads  of  the  others  have  only  four  grooves,  and  wheels  of  48  teeth ;  so  that 
the  number  of  the  grooves  in  the  six  spindles  is  26,  one  half  of  which  is  occupied  with 
the  stems  of  the  puppets  i,  which  carry  the  13  threads  from  No.  1  to  13.  The  toothed 
wheels,  which  give  all  the  spindles  a  simultaneous  movement,  but  in  different  directions, 
are  so  disposed  as  to  bring  their  grooves  opposite  to  each  other  in  the  course  of 
rotation. 

K,  the  middle  winglet,  triple  at  bottom  and  quintuple  at  top,  which  serves  to  guide  the 
puppets  in  the  direction  they  ought  to  pursue. 

L,  three  winglets,  single  at  top  and  bottom,  placed  exteriorly,  which  serve  a  like 
purpose. 

M,  two  winglets,  triple  at  bottom  and  single  at  top,  placed  likewise  exteriorly,  and 
which  serve  the  same  purposes  as  the  preceding ;  m  are  iron  pins  inserted  in  the  cut-out 
beam  g,  which  serve  as  stops  or  limits  to  the  oscillations  of  the  exterior  winglets. 

Now,  if  by  any  moving  power  (a  man  can  drive  a  pair)  rotation  be  impressed  upon 
the  large  spindle  No.  1,  in  the  direction  of  the  arrow,  all  the  other  spindles  will  neces- 
sarily pursue  the  rotatory  movement  indicated  by  the  respective  arrows.  In  this  case, 
the  13  puppets  working  in  the  grooves  of  the  heads  of  the  spindles  will  be  carried  round 
simultaneously,  and  will  proceed  each  in  its  turn,  from  one  extremity  of  the  machine  to 
the  opposite  point,  crossing  those  which  have  a  retrograde  movement.  The  13  threads 
united  at  the  point  n,  situated  above  the  centre  of  the  machine,  will  form  at  that  point 
the  braid,  which,  after  having  passed  over  the  pulley  o,  comes  between  the 
two  rollers  p  q,  and  is  squeezed  together,  as  in  a  flatting-mill,  where  the 
bi'aid  is  calendered  at  the  same  time  that  it  is  delivered.  It  is  obvious 
that  the  roller  p  receives  its  motion  from  the  toothed  wheel  of  the  spindle 
No.  3,  and  from  the  intermediate  wheels  e,  s,  t,  as  well  as  from  the  endless 
screw  z,  which  drives  at  proper  speed  the  wheel  w,  fixed  upon  the  shaft 
of  the  roller  p. 

The  braid  is  denser  in  proportion  as  the  point  n  is  less  elevated  above 
the  tops  of  the  puppets;  but  in  this  case,  the  eccentric  motion  of  these 
puppets  is  much  more  sensible  in  reference  to  that  point  towards  which 
7  all  the  threads  converge  than  when  it  is  elevated.  The  threads,  which 
'  must  be  always  kept  equally  stretched  by  means  of  a  weight,  as  we  shall 
presently  see,  are  considerably  strained  by  the  traction,  occasioned  by  the 
constantly  eccentric  movement  of  the  puppets.  From  this  cause,  braid- 
ing machines  must  be  worked  at  a  moderate  velocity.  In  general,  for 
fine  work,  30  turns  of  the  large  spindle  per  minute  are  the  utmost  that  can 
safely  be  made. 

The  puppet  or  spindle  of  this  machine,  being  the  most  important 
piece,  I  have  represented  it  in  section,  upon  a  scale  one  fourth  of  its  ac- 
tual size,  fig.  158.  It  is  formed  of  a  tube,  a,  of  strong  sheet  iron  well 
brazed  ;  6  is  a  disc,  likewise  of  sheet  iron,  from  which  a  narrow  fillet,  c, 
rises  vertically  as  high  as  the  tube,  where  both  are  pierced  with  holes, 
d  e,  through  which  the  thread  /  is  passed,  as  it  comes  from  the  bobbin, 
g,  which  turns  freely  upon  the  tube  a.  The  top  of  this  bobbin  is  conical 
and  toothed.  A  small  catch  or  detent,  h,  moveable  in  a  vertical  di- 
rection round  i,  falls  by  its  own  weight  into  the  teeth  of  the  crown  of 
the  bobbin,  in  which  case  this  cannot  revolve ;  but  when  the  detent  is 
raised  so  far  as  to  disengage  the  teeth,  and  at  the  same  lime  to  pull  the 
thread,  the  bobbin  turns,  and  lets  out  thread  till  the  detent  falls  back  into 
these  same  teeth. 

A  skewer  of  iron  wire,  fe,  is  loaded  with  a  small  weight,  I,  melted  upon 
it.  The  top  of  this  skewer  has  an  eye  in  it,  and  the  bottom  is  recurved  as  is  shown  in 
fig.  158,  so  that  supposing  the  thread  comes  to  break,  this  skewer  falls  into  the  actual 
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position  in  the  figure,  where  we  see  its  lower  end  extend;  .ig  beyond  the  tube  a,  by 
about  \  of  an  inch;  but  as  long  as  the  thread  is  unbroken,  the  skewer  k,  which  serves 
to  keep  it  alwaj^s  tense,  during  the  eccentric  movement  of  the  puppet,  does  not  pass  out 
below  the  tube. 

This  disposition  has  naturally  furnished  the  means  of  causing  the  machine  to  stop, 
whenever  one  of  the  threads  breaks.  This  inferior  protrusion  of  the  skewer  pushes  in 
its  progress  a  detent,  which  instantly  causes  the  band  to  slide  from  the  driving  pulley  to 
the  loose  pulley.  Thus  the  machine  cannot  operate  unless  all  the  threads  be  entire.  It 
is  the  business  of  the  operative,  who  has  3  or  4  under  her  charge,  to  mend  the  threads 
as  they  break,  and  to  substitute  full  bobbins  for  empty  ones,  whenever  the  machine  is 
stopped. 

The  braiding  frame,  though  it  does  not  move  quickly^,  makes  a  great  deal  of  noise,  and 
would  make  stiU  more,  were  the  toothed  wheels  made  of  metal  instead  of  wood.  For 
them  to  act  well,  they  should  be  made  with  the  greatest  precision,  by  means  of  appropri- 
ate tools  for  forming  the  teeth  of  the  wheels,  and  the  other  peculiar  parts. 

BRAN.  (So/i,  Fr. ;  Kleie,  GGrm.)  The  husky  portion  of  ground  wheat,  separated  by 
the  boiler  from  the  flour.  It  is  advantageously  employed  by  the  calico  printers,  in  the 
clearing  process,  in  which,  by  boiling  in  bran-water,  the  coloring  matters  adhering  to  the 
non-mordanted  parts  of  maddered  goods,  as  well  as  the  dun  matters  which  cloud  the  mor- 
danted portions,  are  removed.  A  valuable  series  of  researches  concerning  the  operation 
of  bran  in  such  cases  was  made  a  few  years  ago  by  that  distinguished  chemist  and  calico 
printer,  jM.  Daniel  Kcechlin  Schouch,  and  published  in  the  ninth  number  of  the  Bulletin 
de  la  Societe  Industrielle  de  Mnlhausen.  Nine  sets  of  experiments  are  recorded,  which 
justified  the  following  conclusions. 

1.  The  dose  of  two  bushels  of  bran  for  10  pieces  of  calico  is  the  best,  the  ebullition 
being  kept  up  for  an  hour.  A  boil  for  the  same  time  in  pure  water  had  no  effect  in  clear- 
ing either  the  grounds  or  the  figures. 

2.  Fifteen  minutes  boiling  are  sufficient  when  the  principal  object  is  to  clear  white 
grounds,  but  in  certain  cases  thirty  minutes  are  requisite  to  brighten  the  dyed  parts.  If, 
by  increasing  the  charge  of  bran,  the  time  of  the  ebullition  could  be  shortened,  it  would 
be  in  some  places,  as  Alsace,  an  economy  ;  because  for  the  passage  of  ten  pieces  through 
a  copper  or  vat  heated  with  steam,  1  cwt.  of  coal  is  consumed  in  fuel  which  costs  from 
2$  to  3  francs,  while  two  bushels  of  bran  are  to  be  bought  for  one  franc. 

3.  By  increasing  the  quantity  of  water  from  12  to  24  hectolitres  with  two  bushels  of 
bran,  the  clearing  effect  upon  the  ten  pieces  was  impaired.  It  is  therefore  advantageous 
not  to  use  too  much  water. 

4.  Many  experiments  concur  to  prove  that  flour  is  altogether  useless  for  the  clearing 
boil,  and  that  finer  bran  is  inferior  for  this  purpose  to  the  coarser. 

5.  The  white  ground  of  the  calicoes  boiled  with  wheat  bran,  are  distinguishable  by 
their  superior  brightness  from  that  of  those  boiled  with  rye  bran,  and  especially  with 
barley  bran ;  the  latter  having  hardly  any  effect. 

6.  There  is  no  advantage  in  adding  soap  to  the  bran  boil ;  though  a  little  potash  or  soda 
may  be  properly  introduced  when  the  water  is  calcareous. 

7.  The  pellicle  of  the  bran  is  the  most  powerful  part,  the  flour  and  the  starch  are  of 
no  use  in  clearing  goods,  but  the  mucilage  which  forms  one  third  of  the  weight  of  the 
bran  has  considerable  efficacy,  and  seems  to  act  in  the  following  way.  In  proportion  as 
the  mucilaginous  substance  dissolves  the  coloring  and  tawny  matters  upon  tlie  cloth,  the 
husky  surface  attracts  and  fixes  upon  itself  the  greater  part  of  them.  Accordingly,  when 
used  bran  is  digested  in  a  weak  alkaline  bath,  it  gives  up  the  color  which  it  had  absorbed 
from  the  cloth. 

The  following  chemical  examination  of  bran  is  interesting.  A  pound  of  it  was  ■■ciled 
at  successive  times  with  water ;  the  decoctions,  being  filtered,  let  fall  in  cooling  a  grayish 
deposite,  which  was  separated  by  decantation.  The  clear  liquor  aflbrded  by  evaporation 
to  dryness  four  ounces  of  a  brownish,  brittle  matter,  composed  chiefly  of  mucilage,  a 
little  gluten,  and  starch.  The  gray  deposite  of  the  above  filtered  liquor  amounted  to  half 
an  ounce.  Nine  ounces  of  the  cortical  portion  of  the  bran  were  obtained.  The  loss 
amounted  to  2|  ounces,  being  in  some  measure  the  hygrometric  water  of  the  bran 
itself. 

When  boiled  with  distilled  water,  goods  are  cleared  pretty  well  without  bran.  Cer- 
tain delicate  dyes  must  be  boiled  only  a  few  minutes  in  a  strong  decoction  of  bran  previ- 
ously made. 

BRANDY.  The  name  given  in  this  country  to  ardent  spirits  distilled  from  wine, 
and  possessed  of  a  peculiar  taste  and  flavor,  due  to  a  minute  poition  of  a  peculiar 
volatile  oil.  Each  variety  of  alcohol  has  an  aroma  characteristic  of  the  fermented  sub- 
stance from  which  it  is  procured;  whether  it  be  the  grape,  cherries,  sugar-cane,  rice, 
corn,  or  potatoes ;  and  it  may  be  distinguished  even  as  procured  from  different  growths 
of  the  vine.      The   brandies   of  Languedoc,    Bordeaux,  Armagnac,    Cognac,  Aunis, 
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Saintontjc,  Rochelle,  Orleans,  Barcelona,  Naples,  &c.  being  each  readily  recognisable  by 
nu  experienced  dealer. 

Aubergier  showed,  by  experiments,  that  the  disagreeable  taste  of  the  spirits  distilled 
from  the  marc  of  the  grape  is  owing  to  an  essential  oil,  contained  in  the  skin  of  the 
grape  ;  and  found  that  the  oil,  when  insulated,  is  so  energetic  that  a  few  drops  are  suffi- 
cient to  taint  a  pipe  of  600  litres  of  fine  flavored  spirit. 

The  most  celebrated  of  the  French  brandies,  those  of  Cognac  and  Armagnac,  are  sUght- 
ly  rectified  to  only  from  0-935  to  0*922;  they  contain  more  than  half  their  weight  of  wa- 
ter, and  come  over  therefore  highly  charged  with  the  fragrant  essential  oil  of  the  husk  of 
the  grape.  When,  to  save  expense  of  carriage,  the  spirit  is  rectified  to  a  much  higher 
degree,  the  dealer,  on  receiving  it  at  Paris,  reduces  it  to  the  market  proof  by  the  addition 
of  a  little  highly-llavored  weak  brandy  and  water ;  but  he  cannot  in  this  way  produce  so 
finely-flavored  a  spirit,  as  the  weaker  product  of  distillation  of  the  Cognac  wine.  If  the 
best  Cognac  brandy  be  carefully  distilled  at  a  low  heat,  and  the  strong  spiiit  be  diluted 
with  water,  it  will  be  found  to  have  suffered  much  in  its  flavor. 

Genuine  French  brandy  evinces  an  acid  reaction  with  litmus  paper,  owing  to  a  minute 
portion  of  vinegar ;  it  contains,  besides,  some  acetic  ether,  and,  when  long  kept  in  oak 
casks,  a  little  astringent  matter.  The  following  formula  may  be  proposed  for  converting 
a  silent  or  flavorless  corn  spirit,  into  a  factitious  brandy.  Dilute  the  pure  alcohol  to  the 
proof  pitch,  add  to  every  hundred  pounds  weight  of  it  from  half  a  pound  to  a  pound  of 
argol  (crude  winestone)  dissolved  in  water,  a  little  acetic  ether,  and  French  wine-vinegar, 
some  bruised  French  plums,  and  flavor-stuff  from  Cognac ;  then  distil  the  mixture  with  a 
gentle  fire,  in  an  alembic  furnished  with  an  agitator. 

The  spirit  which  comes  over  may  be  colored  with  nicely  burned  sugar  (caramel)  to 
the  desired  tint,  and  roughened  in  taste  with  a  few  drops  of  tincture  of  catechu  or  oak- 
bark. 

The  above  recipe  will  afford  a  spirit  free  from  the  deleterious  drugs  too  oflen  used  to 
disguise  and  increase  the  intoxicating  power  of  British  brandies ;  one  which  may  be  reck- 
oned as  wholesome  as  alcohol,  in  any  shape,  can  ever  be. 

BRASS.  (Laiton,  cuivre  jaune,  Fr. ;  Messing,  Germ.)  An  alloy  of  copper  and 
zinc.  It  was  formerly  manufactured  by  cementing  granulated  copper,  called  bean-shot,  or 
copper  clippings,  with  calcined  calamine  (native  carbonate  of  zinc)  and  charcoal,  in  a 
crucible,  and  exposing  them  to  bright  ignition.  Three  parts  of  copper  were  used  for 
three  of  calamine  and  two  of  charcoal.  The  zinc  reduced  to  the  metallic  state  by  the 
agency  of  the  charcoal,  combined  with  the  copper,  into  an  alloy  which  formed,  on  cool- 
ing, a  lump  at  the  bottom  of  the  crucible.  Several  of  these,  being  remelted  and  cast 
into  moulds,  constituted  ingots  of  brass  for  the  market.  James  Emerson  obtained  a  pa- 
tent, in  1781,  for  making  brass  by  the  direct  fusion  of  its  two  metallic  elements,  and  it 
is  now  usually  manufactured  in  this  way. 

It  appears  that  the  best  proportion  of  the  constituents  to  form  fine  brass  is  one  prime 
equivalent  of  copper=63|4-one  of  zinc=32'3  ;  or  very  nearly  2  parts  of  copper  to  1  of 
zinc.  The  bright  gold  colored  alloy,  called  Prince's,  or  Prince  Rupert's  metal,  in  this 
country,  consists  apparently  of  two  primes  of  zinc  to  one  of  copper,  or  of  nearly  equal 
parts  of  each.  Brass,  or  hard  solder,  consists  of  two  parts  of  brass  and  one  of  zinc 
melted  together,  to  which  a  little  tin  is  occasionally  added ;  but  when  the  solder  must 
be  very  strong,  as  for  brass  tubes  that  are  to  undergo  drawing,  two  thirds  of  a  part  of 
zinc  are  used  for  two  parts  of  brass.  Mosaic  gold,  according  to  the  specification  of 
Parker  and  Hamilton's  patent,  consists  of  100  parts  of  copper,  and  from  52  to  55  of  zinc ; 
which  is  no  atomic  proportion.  Bath  metal  is  said  to  consist  of  32  parts  of  brass  and  9 
parts  of  zinc. 

The  button  manufacturers  of  Birmingham  make  their  plaiin  with  8  parts  of  brass  and 
b  of  zinc ;  but  their  cheap  buttons  with  an  alloy  of  copper,  tin,  zinc,  and  lead. 

Red  brass,  the  Tombak  of  some,  (not  of  the  Chinese,  for  this  is  white  copper,) 
consists  of  more  copper  and  less  zinc  than  go  to  the  composition  of  brass ;  being  from 
2j  to  8  or  10  of  the  former  to  1  of  the  latter.  At  the  famous  brass  works  of  Heger- 
mlihl,  to  be  presently  described,  11  parts  of  copper  are  alloyed  with  2  of  zinc  into  a  red 
brass,  from  which  plates  are  made  that  are  afterwards  rolled  into  sheets.  From  such 
an  alloy  the  Dutch  foil,  as  it  is  called,  is  manufactured  at  Niirnberg  ;  Pinchbeck,  Similor, 
Mannheim  gold,  are  merely  difl^erent  names  of  alloy  similar  to  Prince's  metal.  The  last 
consists  of  3  of  copper  and  1  of  zinc,  separately  melted,  and  suddenly  incorporated  by 
stirring. —  Wiegleb. 

In  the  process  of  alloying  two  metals  of  such  diSerent  fusibilities  as  copper  and  zinc, 
a  considerable  waste  of  the  latter  metal  by  the  combustion,  to  which  it  is  so  prone, 
might  be  expected ;  but,  in  reality,  their  mutual  affinities  seem  to  prevent  the  loss,  in 
a  great  measure,  by  the  speedy  absorption  of  the  zinc  into  the  substance  of  the  copper. 
Indeed,  copper  plates  and  rods  are  often  brassed  externally  by  exposure,  at  a  high 
temperature,  to  the  fumes  of  zinc,  and  aftewards  laminated  or  drawn.    The  spurious 
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gold  wire  of  Lyons  is  made  from  such  rods.  Copper  vessels  may  be  superficially  converi- 
ed  into  brass  by  boiling  them  in  dilute  muriatic  acid  containing  some  wine-stone  and  zinc 
ainalgum. 

The  first  step  in  making  brass  is  to  plunge  slips  of  copper  into  melted  zinc  till  an  alloy 
^f  somewhat  difficult  fusion  be  formed,  to  raise  the  heat,  and  add  the  remaining  propor- 
tion of  the  copper. 

The  brass  of  the  first  fusion  is  broken  to  pieces,  and  melted  with  a  fresh  quantity  of 
zinc,  to  obtain  the  finished  brass.  Each  melting  takes  about  8  or  9  hours.  The  metal 
is  now  cast  into  plates,  about  40  inches  long  by  26  inches  broad,  and  from  one  third  to 
one  half  inch  thick.  The  moulds  are,  in  this  case  also,  slabs  of  granite  mounted  in  an  iron 
frame.  Granite  appears  to  be  preferred  to  every  thing  else  as  a  mould,  because  it  pre- 
serves the  heat  long,  and  by  the  asperities  of  its  surface,  it  keeps  hold  of  the  clay  lute 
applied  to  secure  the  joinings. 

The  cast  plates  are  most  usually  rolled  into  sheets.  For  this  purpose  they  are  cut 
into  ribands  of  various  breadths,  commonly  about  6J  inches.  The  cylinders  of  the 
brass  rolling-press  are  generally  46  inches  long,  and  18  inches  in  diameter.  The 
ribands  are  first  of  all  passed  cold  through  the  cylinders ;  but  the  brass  soon  becomes 
too  hard  to  laminate.  It  is  then  annealed  in  a  furnace,  and,  after  cooling,  is  passed 
afresh  through  a  rolling  press.  After  paring  off  the  chipped  edges,  the  sheets  are 
laminated  two  at  a  time ;  and  if  they  are  to  be  made  very  thin,  even  eight  plates  are 
passed  through  together.  The  brass  in  these  operations  must  be  annealed  7  or  8  times 
before  the  sheet  arrives  at  the  required  thinness.  These  successive  heatings  are  very 
expensive ;  and  hence  they  have  led  the  manufacturers  to  try  various  plans  of  econo- 
my. The  annealing  furnaces  are  of  two  forms,  according  to  the  size  of  the  sheets 
of  brass.  The  smaller  are  about  12  feet  long,  with  a  fire-place  at  each  end,  and  about 
13  inches  wide.  The  arch  of  the  furnace  has  a  cylindrical  shape,  whose  axis  is 
parallel  to  its  small  side.  The  hearth  is  horizontal,  and  is  made  of  bricks  set  on  edge. 
In  the  front  of  the  furnace  there  is  a  large  door,  which  is  raised  by  a  lever,  or  chain, 
and  counterweight,  and  slides  m  a  frame  between  two  cheeks  of  cast  iron.  This  furnace 
has,  in  general,  no  chimney,  except  a  vent  slightly  raised  above  the  door,  to  prevent  the 
workmen  being  incommoded  by  the  smoke.  Sometimes  the  arch  is  perforated  with  a  num- 
ber of  holes.  The  sheets  of  brass  are  placed  above  each  other,  but  separated  by  parings, 
to  allow  the  hot  air  to  circulate  among  them,  the  lowest  sheet  resting  upon  two  bars  of 
cast  iron  placed  lengthwise. 

The  large  furnaces  are  usually  32  feet  long,  by  6^  feet  wide,  in  the  bod}',  and  3  feet 
at  the  hearth.  A  grate,  13  inches  broad,  extends  along  each  side  of  the  hearth, 
through  its  whole  length,  and  is  divided  from  it  by  a  small  wall,  2  or  3  inches  high. 
The  vault  of  the  furnace  has  a  small  curvature,  and  is  pierced  with  6  or  8  openings, 
which  allow  the  smoke  to  pass  off  into  a  low  bell-chimney  above.  At  each  end  of  the 
furnace  there  is  a  cast-iron  door,  which  slides  up  and  down  in  an  iron  frame,  and 
is  poised  by  a  counterweight.  On  the  hearth  there  is  a  kind  of  railway,  composed  of 
two  iron  bars,  on  the  grooves  of  which  the  carriage  moves  with  its  loads  of  sheets  of 
brass. 

These  sheets,  being  often  24  feet  long,  could  not  be  easily  moved  in  and  out  of  the 
furnace ;  but  as  brass  laminates  well  in  the  cold  state,  they  are  all  introduced  and 
moved  out  together.  With  this  view,  an  iron  carriage  is  framed  with  four  bars,  which 
rest  on  four  wheels.  Upon  this  carriage,  of  a  length  nearly  equal  to  that  of  the  furnace, 
the  sheets  are  laid,  with  brass  parings  between  them.  The  carriage  is  then  raised  by  a 
crane  to  a  level  with  the  furnace,  and  entered  upon  the  grooved  bars  which  lie  upon  the 
hearth.  That  no  heat  may  be  lost,  two  carriages  are  provided,  the  one  being  ready  to 
put  in  as  the  other  is  taken  out ;  the  furnace  is  meanwhile  uniformly  kept  hot.  This 
method,  however  convenient  for  moving  the  sheets  in  and  out,  wastes  a  good  deal  of  fuel 
in  heating  the  iron  carriage. 

The  principal  places  in  which  brass  is  manufactured  on  the  great  scale  in  England,  are 
Bristol,  Birmingham,  and  Holywell,  in  North  Wales. 

The  French  writers  affirm,  that  a  brass,  containing  2  per  cent,  of  lead,  works  more 
freely  in  the  turning  lathe,  but  does  not  hammer  so  well  as  a  mere  alloy  of  copper  and 
zinc. 

At  the  brass  manufactory  of  Hegermiihl,  upon  the  Finon  canal  near  Potsdam,  the  fol- 
lowing  are  the  materials  of  one  charge;  41  pounds  of  old  brass,  55  pounds  refined  cop- 
per (gahrkupfer)  granulated  ;  and  24  pounds  of  zinc.  This  mixture,  weighing  120  pounds, 
is  distributed  into  four  crucibles,  and  fused  in  a  wind  furnace  with  pitcoal  fuel.  The 
waste  varies  from  2$  to  4  pounds  upon  the  whole. 

Fig.  159  represents  the  furnace  as  it  was  formerly  worked  there  with  charcoal;  a,  the 
laboratory  in  which  the  crucibles  were  placed.  It  was  walled  with  fire-bricks.  The  foun- 
dations and  the  fiUing-in  walls  were  formed  of  stone  rubbish,  as  being  bad  conductors  oi 
heat ;  sand  and  ashes  may  be  also  used ;  b,  cast-iron  circular  grating  plates  pierced  with 
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12  holes  (see  fig.  160),  over  them  a  sole  of  loam,  c,  is  beat  down,  and  perforated  with  holes 
correspond  ins;  to  those  in  the  iron  discs;   d,  the  ash-pit;  e,  the  bock,  a  draught  flue  which 

conducts  the  air  requisite  to  the  combus- 
tion, from  a  sunk  tunnel,  in  communica- 
tion with  several  mellins;  furnaces.  The 
terrace  or  crown  of  the  furnace,/,  lies  on 
a  level  with  the  foundry  floor,  /),"/(,  and  is 
shut  with  a  tile  of  fire-clay,  g,  which  may- 
be moved  in  any  direction  by  means  of 
hooks  and  eyes  in  its  binding  iron  ring. 
Fig.  161,  the  tongs  for  putting  in  and  taking 
out  the  charges,  as  viewed  from  above  and 

,^»^^Wia__:J  M     y»  Figs.    162,   163,  represent  the  furnaces 

constructed  more  recently  for  the  use  of 
pitcoal  fuel;  fig.  162,  being  an  upright 
section,  and^ig.  163,  the  ground  plan.  In 
this  furnace  the  crucibles  are  not  sur- 
rounded with  the  fuel,  but  they  receive 
the  requisite  melting  heat  from  the  flame 
proceeding  from  the  grate  upon  which  it 
is  burned.  The  crucibles  stand  upon  7  binding  arches,  a,  which  unite  in  the  middle  at 
the  key-stone  6,  yig-.  16.5 ;  between  the  arches  are  spaces  through  which  the  flame  rises  from 

the  grate  c ;  d  is  the  fire-door ;  e  a 
sliding  tile  or  damper  for  regulating 
or  shutting  off  the  air-draught ;  /  an 
inclined  plane,  for  carrying  off  the 
cinders  that  fall  through  the  grate, 
along  the  draught  tunnel  g,  so  that  the 
air  in  entering  below  may  not  be  heat- 
ed by  them. 

The  crucibles  are  16  inches  deep, 
9|  wide  at  the  mouth,  65  at  the 
bottom ;  with  a  thickness  in  the  sides 
inch,  and  1|  below;  they  stand  from  40  to  50  meltings.  The  old  brass,  which 
fills  their  whole  capacity,  is  first  put  in  and  melted  down  ;  the  crucibles  are  now 
taken  out,  and  are  charged  with  the  half  of  the  zinc  in  pieces  of  from  1  to  3 
cubic  inches  in  size,  covered  over  with  coal  ashes ;  then  one  half  of  the  copper  charge  is 
introduced,  again  coal-dust;  and  thus  the  layers  of  zinc  and  copper  are  distributed 
alternately  with  coal-ashes  betwixt  them,  till  the  whole  charge  gets  finally  fused.  Over 
all,  a  thicker  layer  of  carbonaceous  matter  is  laid,  to  prevent  oxdizement  of  t  h  e  brass. 
Eight  crucibles  filled  in  this  way  are  put  into  the  furnace  between  the  11  holes  of  the 
grate-shelf;  and  over  them  two  empty  crucibles  are  laid  to  be  heated  for  the  casting 
operation.  In  from  3^  to  4  hours  the  brass  is  ready  to  be  poured  out.  Fifteen  English 
bushels  of  coals  are  consumed  in  one  operation  ;  of  which  six  are  used  at  the  introduc- 
tion of  the  crucibles,  and  four  gradually  afterwards. 

When  sheet  brass  is  to  be  made  the  following  process  is  pursued ; — 
An  empty  crucible,  called  a  caster  (giesser),  is  taken  out  of  the  furnace  through  the 
crown  with  a  pair  of  tongs,  and  is  kept  red  hot  by  placing  it  in  a  hollow  hearth  (mundal), 
surrounded  with  burning  coals ;  into  this  crucible  the  contents  of  four  of  the  melting 
pots  are  poured ;  the  dross  being  raked  out  with  an  iron  scraper.  As  soon  as  the  melt- 
ing pot  is  emptied,  it  is  immediately  re-charged  in  the  manner  above  described,  and  re- 
placed in  the  furnace.  The  surface  of  the  melted  brass  in  the  caster  is  swept  with  the 
stump  of  a  broom,  then  stirred  about  with  the  iron  rake,  to  bring  up  any  light  foreign 
matter  to  the  surface,  which  is  then  skimmed  with  a  little  scraper ;  the  crucible  is  now 
seized  with  the  casting  tongs,  and  emptied  in  the  following  way : — 

The  mould  or  form  for  casting  sheet  brass  consists  of  two  slabs  of  granite,  a  a,  figs 
164,  165.  They  are  5|  feet  long,  3  feet  broad,  1  foot  thick,  and,  for  greater  security, 
girt  with  iron  bands,  6  b,  2  inches  broad,  1|  thick,  and  joined  at  the  four  corners  with 
bolts  and  nuts.  The  mould  rests  upon  an  oaken  block,  c,  3|  feet  long,  21  broad,  and  If 
thick,  which  is  suspended  at  each  end  upon  gudgeons,  in  bearing  blocks,  placed  under  the 
foundry  floor,  d  d,  in  the  casting  pit,  e  e.  This  is  lined  with  bricks  ;  and  is  6|  feet  long, 
5|  broad,  and  2  deep ;  upon  the  two  long  side  walls  of  the  pit,  the  bearing  blocks  are 
laid,  which  support  the  gudgeons.  The  swing-blocks  are  10  inches  long,  18  inches 
broad,  15  inches  thick,  and  are  somewhat  rounded  upon  their  back  edge,  so  that  the 
casting  frame  may  slope  a  little  to  the  horizon.  To  these  blocks  two  cross  wooden  arms, 
//,  are  mortised,  upon  which  the  under  slab  rests  freely,  but  so  as  to  project  about  5  inches 
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backwards  over  the  block,  to  secure  an  equipoise  in  the  act  of  casting,     g  g  are  bar* 
placed  at  both  of  the  long  sides,  and  one  of  the  ends,  between  the  slabs,  to  determine  the 
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thickness  of  the  brass-plate.  Upon  the  other  slab  the  gate  h  is  fastened,  a  sheet  of 
iron  6  inches  broad,  which  has  nearly  the  shape  of  a  parallel  trapezium  (lozenge),  and 
slopes  a  little  towards  tlie  horizon.  It  serves  for  setting  the  casting  pot  upon  in  the  act 
of  pouring  out,  and  renders  its  emptying  more  convenient.  That  gate  (steinmaul) 
is  coated  with  a  mixture  of  loam  and  hair.  The  upper  slab  is  secured  to  the  under  one 
in  its  slanting  position  by  an  armor  or  binding.  This  consists  of  the  tension  bars  of 
wood,  ik  I  m,  of  the  iron  bars  11,  (3  to  3^  inches  broad,  \\  inch  thick,  see  the  top  view, 
fig.  165, )  of  a  rod  with  holes  and  pins  at  its  upper  end,  and  of  the  iron  screw  spindle  0. 
The  mode  in  which  these  parts  act  may  be  understood  from  inspection  of  the  figure.  In 
order  to  lift  the  upper  slab  from  the  under  one,  which  is  efl'ected  by  turning  it  round  its 
edge,  a  chain  is  employed,  suspending  two  others,  connected  with  the  slab.  The  former 
passes  over  a  pulley,  and  may  be  pulled  up  and  down  by  means  of  a  wheel  and  axle,  or 
with  the  aid  of  a  counterweight.  Upon  each  of  the  two  long  sides  of  the  slab  there  are 
two  iron  rings,  to  which  the  ends  of  the  cliains  may  be  hooked.  The  casting  faces  of  the 
slab  must  be  coated  with  a  layer  of  finely  ground  loam  ;  the  thinner  the  better. 

When  calamine  is  employed,  \  cwt.  of  copper,  \  cwt.  of  calamine,  and  5  the  volume 
of  both  of  charcoal  mixed,  are  put  into  7  crucibles,  and  exposed  to  heat  during  II  or  12 
hours;   the  product  being  from  70  to  72  lbs.  of  brass. 

Brass-plate  rolling.  At  Hegermiihl  there  are  two  re-heating  or  annealing  furnaces, 
one  larger,  18  feet  long,  and  another  smaller,  85 ;  the  hot  chamber  is  separated  from  the 
fire  place  by  iron  beams,  in  such  a  way  that  the  brass  castings  are  played  upon  by  the 
flamfes  on  both  their  sides.  After  each  passage  through  the  laminating  press  (rolls)  they 
are  healed  anew,  then  cooled  and  laminated  afresh,  till  they  have  reached  the  proper 
length.     The  plates  are  besmeared  with  grease  before  rolling. 


¥ig.  166  shows  the  ground  plan  of  the  furnace  and  its  railway  ;  fig.  167,  the  cross  sec- 
tion; andy;^.  168,  the  section  lengthwise ;  aa,  the  iron  vvaybars  or  rails  upon  the  floor  of  the 


BRAZIL-WOOD.  175 

foundrj',  for  enabling  the  wheels  of  the  wagon-frame  to  move  readily  backward  and  for- 
ward; b  b,  the  two  grates;  c  c,  the  ash  pits  ;  d  d,  the  fire  beams;  c  e.  e,  vents  in  the  roof 
of  the  hot  chamber/;  g  g,  two  plates  for  shutting  the  hot  chamber;  h,  the  flue;  i,  the 
chimney.  After  the  rolling,  the  sheets,  covered  with  a  black  oxyde  of  copper,  are  plunged 
into  a  mother  water  of  the  alum  works  for  a  few  minutes,  then  washed  in  clean  water, 
and,  lastly,  smeared  with  oil,  and  scraped  with  a  blunt  knife. 

In  rough  brass  and  brass  wares,  no  less  than  16,2i0  cwts.  were  manufactured  in  the 
Prussian  States  in  the  year  1832. 

For  musical  purposes,  the  brass  wire  made  in  Ber  in  has  acquired  great  and  merited 
celebrity ;  but  that  of  Birmingham  is  now  preferred,  even  by  foreigners. 

Brass  Color,  for  staining  glass,  is  prepared  by  exposing  for  several  days  thin  plates 
of  brass  upon  tiles  in  the  leer  or  annealing  arch  of  the  glass-house,  till  it  be  oxydized  into 
a  black  powder,  aggregated  in  lumps.  This  being  pulverized  and  sifted,  is  to  be  again 
well  calcined  for  several  days  more,  till  no  particles  remain  in  the  metallic  slate  ;  when  it 
will  form  a  fine  powder  of  a  russet  brown  color.  A  third  calcination  must  now  be  given, 
with  a  carefully  regulated  heat ;  its  quality  being  tested  from  time  to  time  by  fusion  with 
some  glass.  If  it  makes  the  glass  swell,  and  intumesce,  it  is  properly  prepared  ;  if  not, 
it  must  be  still  farther  calcined.  Such  a  powder  communicates  to  glass,  greens  of  various 
tints,  passing  into  turquoise. 

When  thin  narrow  strips  of  brass  are  stratified  with  sulphur  in  a  crucible,  and  calcined 
at  a  red  heat,  they  become  friable,  and  may  be  reduced  to  powder.  This  being  sifted  and 
exposed  upon  tiles  in  a  reverberatory  furnace  for  ten  or  twelve  days,  becomes  fit  for  use, 
and  is  capable  of  imparting  a  calcedony,  red,  or  yeUow  tinge  to  glass  by  fusion,  according 
to  the  mode  and  proportion  of  using  it. 

The  glass-makers'  red  color  may  be  prepared  by  exposing  small  plates  of  brass  to  a 
moderate  heat  in  a  reverberatory  furnace,  till  they  are  thoroughly  calcined,  when  the 
substance  becomes  pulverulent,  and  assumes  a  red  color.  It  is  then  ready  for  imme- 
diate use. 

Brass  Color,  as  employed  by  the  colormen  to  imitate  brass,  is  of  two  tints,  the  red  or 
bronze,  and  the  yellow  like  gilt  brass.  Copper  filings,  mixed  with  red  ochre  or  bole,  con- 
stitute the  former ;  a  powdered  brass  imported  from  Germany,  is  used  for  the  latter.  Both 
must  be  worked  up  with  varnish  after  being  dried  with  heat,  and  then  spread  with  a  flat 
camel-hair  brush  evenly  upon  the  surface  of  the  object.  The  best  varnish  is  composed 
of  20  ounces  of  spirits  of  wine,  2  ounces  of  shellac,  and  2  ounces  of  sandarach,  properly 
dissolved.  See  Varnish.  Only  so  much  of  the  brass  powder  and  varnish  should  be 
mixed  at  a  time  as  is  wanted  for  immediate  use. 

Brass  Foil.  Dutch  leaf,  called  Knitter  or  Rauschgold  in  Germany,  is  made  from  a 
very  thin  sheet  brass,  beat  out  under  a  hammer  worked  by  water  power,  which  gives  300 
or  400  strokes  per  minute  :  from  40  to  80  leaves  being  laid  over  each  other.  By  this  treat- 
ment, it  acquii-es  its  characteristic  solidity  and  lustre.  See  above,  the  process  for  con- 
verting the  copper  superficially  into  brass  by  the  fumes  of  zinc. 

BRAZING.  (Eraser,  Fr. ;  Messing-lotlmng,  Germ.)  The  soldering  together  of 
edges  of  iron,  copper,  brass,  &c.,  with  an  alloy  consisting  of  brass  and  zinc,  sometimes 
with  a  little  tin  or  silver.  The  surfaces  to  be  thus  united  must  be  filed  perfectly- 
bright,  and  not  be  soiled  with  the  fingers  or  in  any  other  way.  The  granular  or  nearly 
pulverulent  alloy  is  usually  wetted  with  a  paste  of  ground  borax  and  water,  applied  in 
this  state,  dried,  and  then  exposed  carefully  to  bright  ignition  at  a  clear  forge  fire. 
Some  workmen  enclose  the  part  to  be  soldered  in  a  clay  lute,  but  others  prefer  leaving 
it  uncovered,  that  they  may  see  when  the  solder  has  flowed  freely,  and  entered  into  all 
the  seams. 

BRAZIL-WOOD.  (Boisde  Fernmnbottc,  Fr. ;  Brasilienhoh,  Germ.)  This  dye-wood 
derives  its  name  from  the  part  of  America  whence  it  was  first  imported.  It  has  also 
the  names  Fernambuca,  wood  of  Saint  Martha,  and  of  Sapan,  according  to  the  places 
which  produce  it.  Linnseus  distinguishes  the  tree  which  furnishes  the  Brazil-wood 
by  the  name  of  Ccesalpinia  crista.  It  commonly  grows  in  dry  places  among  rocks.  Its 
trunk  is  very  large,  crooked,  and  full  of  knots.  It  is  very  hard,  susceptible  of  a  fine 
polish,  and  sinks  in  water.  It  is  pale  when  newly  cleft,  but  becomes  red  on  exposure  to 
the  air. 

It  has  diflTerent  shades  of  red  and  orange.  Its  goodness  is  determined  particularly  by 
its  density.  When  chewed,  a  saccharine  taste  is  perceived.  It  may  be  distinguished 
from  red  saunders  wood,  as  the  latter  does  not  yield  its  color  to  water. 

Boiling  water  extracts  the  whole  coloring  matter  of  Brazil-wood.  If  the  ebullition  be 
long  enough  continued,  it  assumes  a  fine  red  color.  The  residuum  appears  black.  In 
this  case,  an  alkali  may  still  extract  much  coloring  matter.  The  solution  in  alcohol  or 
ammonia  is  still  deeper  than  the  preceding. 

The  decoction  of  Brazil-wood,  called  juice  of  Brazil,  is  observed  to  be  less  fit  for 
dyeing  when  recent,  than  when  old  or  even  fermented.     By  age,  it  takes  a  yellowish- 
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red  color.  For  making  this  decoction,  Hellot  recommends  to  use  the  hardest  water;  but 
it  should  be  remarked,  that  this  water  deepens  the  color  in  proportion  to  the  eartliy  salts 
which  it  contains.  Afier  boiling  this  wood  reduced  to  chips,  or,  what  is  preferable,  to 
powder,  for  three  hours,  this  first  decoction  is  poured  into  a  caslc.  Fresh  water  is  poured 
on  the  wood,  which  is  then  made  to  boil  for  three  hours,  and  mixed  with  the  former. 
When  Brazil-wood  is  emplojed  in  a  dyeing  bath,  it  is  proper  to  enclose  it  in  a  thin  linen 
bag,  as  well  as  all  the  dye-woods  in  general. 

Wool  immersed  in  the  juice  of  Brazil  takes  but  a  feeble  tint,  which  is  speedily  de- 
stroyed.    It  must  receive  some  preparations. 

The  wool  is  to  be  boiled  in  a  solution  of  alum,  to  which  a  fourth  or  even  less  of  tartar 
is  added,  for  a  larger  proportion  of  tartar  would  make  the  color  yellowish.  The  wool  is 
kept  impregnated  with  it  for  at  least  eight  days,  in  a  cool  place.  After  this,  it  is  dyed  in 
the  Brazil  juice  with  a  slight  boiling.  But  the  first  coloring  particles  that  are  deposited, 
afford  a  less  beautiful  color;  hence  it  is  proper  to  pass  a  coarser  stuff  previously  through 
the  bath.  In  this  manner  a  lively  red  is  procured,  which  resists  pretty  well  the  action 
of  the  air. 

Brazil-wood  is  made  use  of  for  dyeing  silk  what  is  called  false  crimson,  to  distinguish 
it  from  the  crimson  made  by  means  of  cochineal,  which  is  much  more  permanent. 

The  silk  should  be  boiled  at  the  rate  of  20  parts  of  soap  per  cent.,  and  then  alumed. 
The  aluming  need  not  be  so  strong  as  for  the  fine  crimson.  The  silk  is  refreshed  at  the 
river,  and  passed  through  a  bath  more  or  less  charged  with  Brazil  juice,  according  to  the 
shade  to  be  given.  When  ■rtater  free  from  earthy  salts  is  employed,  the  color  is  too  red 
to  imitate  crimson ;  this  quality  is  given  it  by  passing  the  silk  through  a  slight  alkaline 
solution,  or  by  adding  a  little  alkali  to  the  bath.  It  might,  indeed,  be  washed  in  a  hard 
water  till  it  had  taken  the  desii-ed  shade. 

To  make  deeper  false  crimsons  of  a  dark  red,  juice  of  loewood  is  put  into  the  Brazil 
bath  after  the  silk  has  been  impregnated  with  it.  A  little  alkali  may  be  added,  according 
to  the  shade  that  is  wanted. 

To  imitate  poppy  or  flame  color,  an  annotto  ground  is  given  to  the  silk,  deeper  even 
than  when  it  is  dyed  with  carthamus.  It  is  washed,  alumed,  and  dyed  with  juice  of  Bra- 
zil, to  which  a  little  soap  water  is  usually  added. 

The  coloring  particles  of  Brazil-wood  are  easily  affected,  and  made  yellow  by  the  action 
of  acids. 

They  thus  become  permanent  colors.  But  what  distinguishes  them  from  madder  and 
Kermes,  and  approximates  them  to  cochineal,  is  their  reappearing  in  their  natural  color, 
when  they  are  thrown  down  in  a  state  of  combination  with  alumina,  or  with  oxyde  of  tin. 
These  two  combinations  seem  to  be  the  fittest  for  rendering  ttcm  durable.  It  is  requisite, 
therefore,  to  inquire  what  circumstances  are  best  calculated  to  promote  the  formation  ol^ 
these  combinations,  according  to  the  nature  of  ti.e  stuff. 

The  astrinsfent  principle,  likewise,  seems  to  contribute  to  the  permanence  of  the  color- 
ing matter  of  Brazil-wood ;  but  it  deepens  its  hue,  and  can  only  be  employed  for  light 
shades. 

The  coloring  particles  of  Brazil-wood  are  very  sensible  to  the  action  of  alkalis 
which  give  them  a  purple  hue;  and  there  are  several  processes  in  which  the  alkalis, 
either  fixed  or  volatile,  are  used  for  forming  violets  and  purples.  But  the  colors  ob- 
tained by  these  methods,  which  may  be  easily  varied  according  to  the  purpose,  are 
perishable,  and  possess  but  a  transient  bloom.  The  alkalis  appear  not  to  injure 
the  colors  derived  from  madder,  but  they  accelerate  the  destruction  of  most  other 
colors. 

In  England  and  Holland  the  dye-woods  are  reduced  to  powder  by  means  of  mills  erected 
for  the  purpose. 

The  bright  fugitive  red,  called  fancy  red,  is  given  to  cotton  by  Nicaragua,  or  peach- 
wood,  a  cheap  kind  of  Brazil-wood. 

The  cotton  being  scoured  and  bleached,  is  boiled  with  sumach.  It  is  then  impregna- 
ted with  a  solution  of  tin  (at  5°  Baume,  according  to  Vilalis).  It  should  now  be  washed 
slightly  in  a  weak  bath  of  the  dyeing  wood,  and,  lastly,  worked  in  a  somewhat  stale  infu- 
sion of  the  peach  or  Brazil  wood.  When  the  temperature  of  this  is  lukewarm,  the  dye  is 
said  to  take  better.  Sometimes  two  successive  immersions  in  the  bath  are  given.  It  is 
now  wrun?  out,  aired,  washed  in  water,  and  dried. 

M.  Vitalis  says,  that  his  solution  of  tin  is  prepared  with  two  ounces  of  tin  and  a  pound 
of  aqua  regia  made  with  two  parts  of  nitric  acid  at  24°  Baume,  and  three  parts  of  muri- 
atic acid  at  22°. 

For  a  rose  color,  the  cotton  is  alumed  as  usual,  and  washed  from  the  alum.  It  then 
gets  the  tin  mordant,  and  is  again  washed.  It  is  now  turned  through  the  dye-bath,  an 
operation  which  is  repeated  if  necessary. 

For  purple,  a  little  alum  is  added  to  the  Brazil  bath. 

1.  For  amaranth,  the  cotton  is  strongly  galled,  dried,  and  washed. 
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2.  It  is  passed  through  the  black  cask  (tonne  au  noir,)  see  Black  Dye,  till  it  has  taken 
a  strong  gray  shade. 

3.  It  receives  a  bath  of  lime-water. 

4.  Mordant  of  tin. 

.5.  Dyeing  in  the  Brazil-wood  bath. 

6.  The  two  last  operations  are  repeated. 

Dingier  has  endeavored  to  separate  the  coloring  matter  of  the  different  sorts  of  Brazil- 
wood, so  as  to  obtain  the  same  tint  from  the  coarser  as  from  the  best  Pernambuco.  His 
process  consists  in  treating  the  wood  with  hot  water  or  steam,  in  concentrating  the  de- 
coction so  as  to  obtain  14  or  15  pounds  of  it  from  4  pounds  of  wood,  allowing  it  to  cool, 
and  pouring  into  it  two  pounds  of  skim  milk  ;  agitating,  then  boiling  for  a  few  minutes, 
and  filtering.  The  dun  coloring  matters  are  iirecipitated  by  the  coagulation  of  the 
caseous  substance.  For  dyeing,  the  decoctions  must  be  diluted  with  water ;  for  printing 
they  must  be  concentrated,  so  that  4  pounds  of  Avood  shall  furnish  only  5  or  6  pounds  of 
decoction,  and  the  liquor  may  be  thickened  in  the  ordinary  way.  These  decoctions  may 
be  employed  immediately,  as  by  this  treatment  they  have  acquired  the  same  property  as 
they  otherwise  could  get  only  by  being  long  kept.  A  slight  fermentation  is  said  to  im- 
prove the  color  of  these  decoctions ;  some  ground  wood  is  put  into  the  decoction  to  favor 
this  process. 

As  gelatine  produces  no  precipitate  with  these  decoctions,  they  consequently  contain 
no  tannin.  Gall-nuts,  however,  sumach,  the  bark  of  birch  or  alder,  render  the  color  of 
Brazil-wood  more  durable,  upon  alumed  linen  and  cotton  goods,  but  the  shade  is  a  little 
darker. 

In  dyeing  wool  with  Pernambuco,  the  temperature  of  the  bath  should  never  be  above 
150°  Fahr.,  since  higher  heats  impair  the  color. 

According  to  Dingier  and  Kurrer,  bright  and  fast  scarlet  reds  may  be  obtained  upon 
wool,  by  preparing  a  decoction  of  50  pounds  of  Brazil-wood  in  three  successive  boils, 
and  setting  the  decoction  aside  for  3  or  4  weeks  in  a  cool  place  ;  100  pounds  of  the  wool 
are  then  alumed  in  a  bath  of  22  pounds  of  alum  and  1 1  pounds  of  tartar,  and  afterwards 
rinsed  in  cold  water.  Meanwhile  we  fill  two  thirds  with  water,  a  copper  containing  30 
pails,  and  heated  to  the  temperature  of  150°  or  160°  F.  We  pour  in  3  pailfuls  of  the  de- 
coction, heat  to  the  same  point  again,  and  introduce  30  pounds  of  wool,  which  does  not 
take  a  scarlet,  but  rather  a  crimson  tint.  This  being  removed,  2  pails  of  decoction  are 
put  in,  and  30  pounds  of  wool,  which  becomes  scarlet,  but  not  so  fine  as  at  the  third  dip. 
If  the  dyer  strengthens  the  color  a  little  at  the  first  dip,  a  little  more  at  the  second,  and 
adds  at  the  third  and  fourth  the  quantity  of  decoction  merely  necessary,  he  will  obtain  a 
uniform  scarlet  tint.  With  50  pounds  of  Pernambuco  1000  pounds  of  wool  may  be  dyed 
scarlet  in  this  way,  and  with  the  deposites  another  100  may  be  dyed  of  a  tile  color.  An 
addition  of  weld  renders  the  color  faster  but  less  brilliant. 

Karkutsch  says  the  dye  may  be  improved  by  adding  some  ox-gall  to  the  bath. 

In  dyeing  cotton  the  tannin  and  gallic  acid  are  two  necessary  mordants,  and  the  color 
is  particularly  bright  and  durable,  when  the  cloth  has  been  prepared  with  the  oily  process 
of  Turkey  red. 

It  is  said  that  stale  urine  heightens  the  color  of  the  Brazil  dye  when  the  ground  wood 
is  moistened  with  it. 

The  quantity  of  Brazil  or  Nicaragua  wood  imported  into  the  United  Kingdom  in  1835. 
was  6,242  tons,  whereof  1,811  were  exported;  of  Brazilietto  230  tons.  The  duty  upon 
the  first  article  is  5s.  per  ton. 

BREAD  (Pain,  Fr. ;  Brod,  Germ.)  is  the  spongy  mass  produced  by  baking  the 
leavened  or  fermented  dough  of  wheat  or  rye  flour,  at  a  proper  heat.  It  is  the  principal 
food  of  highly  civilized  nations.  The  skilful  preparation  of  this  indispensable  article  con- 
stitutes the  art  of  the  Baker.  Dough  baked  without  being  fermented  constitutes  cakes 
or  biscuits ;  but  not  bread  strictly  speaking. 

Pliny  informs  us,  that  barley  was  the  only  species  of  corn  at  first  used  for  food ;  and 
even  after  the  method  of  reducing  it  to  flour  had  been  discovered,  it  was  long  before 
mankind  learned  the  art  of  converting  it  into  cakes. 

Ovens  were  first  invented  in  the  East.  Their  construction  was  understood  by  the 
Jews,  the  Greeks,  and  the  Asiatics,  among  whom  baking  was  practised  as  a  distinct  pro- 
fession. In  this  art,  the  Cappadocians,  Lydians,  and  Phoenicians,  are  said  to  have  par- 
ticularly excelled.  It  was  not  till  about  580  years  after  the  foundation  of  Rome,  that 
these  artisans  passed  into  Europe.  The  Roman  armies,  on  their  return  from  Macedonia, 
brought  Grecian  bakers  with  them  into  Italy.  As  these  bakers  had  handmills  beside 
their  ovens,  they  still  continued  to  be  called  pistores,  from  the  ancient  practice  of  bruis- 
ing the  com  in  a  mortar;  and  their  bakehouses  were  denominated  pistorice.  In  the  time 
of  Augustus  there  were  no  fewer  than  329  public  bakehouses  in  Rome;  almost  the  whole 
of  which  were  in  the  hands  of  Greeks,  who  long  continued  the  only  persons  in  that  city 
acquainted  with  the  art  of  baking  sood  bread. 
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In  nothing,  perhaps,  is  the  wise  and  cautious  policy  of  the  Roman  government  more 
remarkably  displayed,  than  in  the  regulations  which  it  imposed  on  the  bakers  within 
the  city.  To  the  foreign  bakers  Avho  came  to  Rome  with  the  army  from  Macedonia,  a 
number  of  fieedmen  were  associated,  forming  together  an  incorporation  from  which 
neither  they  nor  their  children  could  separate,  and  of  which  even  those  who  married  the 
daughters  of  bakers  were  obliged  to  become  members.  To  this  incorporation  were  in- 
trusted all  the  mills,  utensils,  slaves,  animals,  every  thing,  in  short,  which  belonged  to 
the  former  bakehouses.  In  addition  to  these,  they  received  considerable  portions  of  land  ; 
and  nothing  was  withheld,  which  could  assist  them  in  pursuing,  to  the  best  advantage, 
their  highly  prized  labors  and  trade.  The  practice  of  condemning  criminals  and  slaves, 
for  petty  offences,  to  work  in  the  bakehouse,  was  still  continued;  and  even  the  judges  of 
Africa  Mere  bound  to  send  thither,  every  five  years,  such  persons  as  had  incurred  that 
kind  of  cliastisenient.  The  bakehouses  were  distributed  throughout  the  fourteen  divisions 
of  the  city,  and  no  baker  could  pass  from  one  into  another  without  special  permission. 
The  public  granaries  were  committed  to  their  care;  they  paid  nothing  for  the  corn  em- 
ployed in  baking  bread  that  was  to  be  given  in  lai'gess  to  the  citizens;  and  the  price  of 
the  rest  was  regulated  by  the  magistrates.  No  corn  was  given  out  of  these  granaries  ex- 
cept for  the  bakehouses,  and  for  the  private  use  of  the  prince.  The  bakers  had  besides 
private  granaries,  in  which  they  deposited  the  grain,  which  they  had  taken  from  the  pub- 
lic granaries  for  immediate  use  ;  and  if  any  of  them  happened  to  be  convicted  of  having 
diverted  any  portion  of  the  grain  to  another  purpose,  he  was  condemned  to  a  ruinous  fine 
of  five  hundred  pounds  weight  of  gold. 

Most  of  these  regulations  were  soon  introduced  among  the  Gauls;  but  it  was  long  be- 
fore they  found  their  way  into  the  more  northern  countries  of  Europe.  Borrichius  informs 
us  that  in  Sweden  and  Norway,  the  only  bread  known,  so  late  as  the  middle  of  the  ]6th 
century,  was  unleavened  cakes  kneaded  by  the  women.  At  what  period  in  our  own  his- 
tory the  art  of  bakins;  became  a  separate  profession,  we  have  not  been  able  to  ascertain; 
but  this  profession  is  now  common  to  all  the  countries  in  Europe,  and  the  process  of 
baking  is  also  nearly  the  same. 

The  French,  who  particularly  excel  in  the  art  of  baking,  have  a  great  many  different 
kinds  of  bread.  Their  jua/w  bis,  or  brown  bread,  is  the  coarsest  kind  of  all,  and  is  made 
of  coarse  groats  mixed  with  a  portion  of  white  flour.  The  pain  bis  blaiic,  is  a  kind  of 
bread  between  white  and  brown,  made  of  white  flour  and  fine  groats.  The  pam  blcmc, 
or  while  bread,  is  made  of  white  flour,  shaken  through  a  sieve  after  the  finest  flour  has 
been  separated.  The  pain  molkt,  or  soft  bread,  is  made  of  the  purest  flour  without  any 
admixture.  The  pain  chahmil,  or  customers'  bread,  is  a  very  white  kind  cf  bread,  made 
of  pounded  paste.  Pain  chapdc,  is  a  small  kind  of  bread,  with  a  well-beaten  and  very 
light  paste,  seasoned  with  butter  or  milk.  This  name  is  also  given  to  a  small  bread,  from 
which  the  thickest  crust  has  been  removed  by  a  knife.  Pain  cornu,  is  a  name  given  by 
the  French  bakers  to  a  kind  of  bread  made  with  four  corners,  and  sometimes  more.  Of 
all  the  kinds  of  small  bread,  this  has  the  strongest  and  firmest  paste.  Pain  a  la  reine, 
queen's  hvead,  pain  a  la  Sigovie,  pain  chapel c.  and^ioni  fo?-7i7/,  are  all  small  kinds  of  bread, 
diflfering  only  in  the  lightness  or  thickness  of  the  paste.  Pain  prvajc  is  a  small  very 
white  bread  made  now  in  Paris,  from  the  flour  separated  after  a  slight  grinding  from  the 
best  wheat.     Such  flour  is  in  hard  granular  particles. 

In  this  country  we  have  fewer  varieties  of  bread,  and  these  difler  chiefly  in  their  de- 
grees of  purity.  Our  white  or  fine  bread  is  made  of  the  purest  flour;  our  wheaten 
bread,  of  flour  with  a  mixture  of  the  finest  bran ;  and  our  household  bread,  of  the  whole 
substance  of  the  grain  without  the  separation  either  of  the  fine  flour  or  coarse  bran.  We 
have  also  symnel  bread,  manchet  or  roll  bread,  and  French  bread,  wliich  are  all  made  of 
the  purest  flour  from  the  finest  wheat;  the  roll  bread  being  improved  by  the  addition  of 
milk,  and  the  French  bread  by  the  addition  of  eggs  and  butter.  To  these  may  be  added 
gingerbread,  a  cake  made  of  llour,  with  almonds,  liquorice,  aniseed,  rose-water,  and  sugar 
or  treacle;  and  mastlin  bread,  made  of  wheat  and  rye,  or  sometimes  of  wheat  and  barley. 
We  have  various  kinds  of  small  bread,  having  various  names,  according  to  their  various 
forms.  They  are,  in  general,  extremely  light,  and  are  sweetened  with  sugar,  currants, 
and  oilier  palatable  ingredients.  In  Scotland  there  is  a  cake  called  short  bread,  made 
from  a  pretty  thick  dough,  enriched  with  butter,  sweetened  with  sugar,  and  seasoned  with 
orange  peel,  or  other  kinds  of  spices. 

The  process  of  making  bread  is  nearly  the  same  in  all  the  countries  of  modern  Europe ; 
though  the  materials  of  which  it  is  composed  vary  with  the  farinaceous  productions  of 
diflerent  climates  and  soils.  The  flour  of  wheat  is  most  generally  employed  for  Ihis  pur- 
pose, wherever  that  vegetable  can  be  reared.  This  flour  is  composed  of  a  small  portion 
of  mucilaginous  saccharine  matter,  soluble  in  cold  water,  from  which  it  may  be  ^parated 
by  evaporation;  of  a  great  quantity  of  starch,  which  is  scarcely  soluble  in  cold  water,  but 
capable  of  combining  with  that  fluid  by  means  of  heat;  and  an  adhesive  gray  substance 
called  gluten,  insoluble  in  water,  ardent  spirit,  oil,  or  ether,  and  resembling  an  animal 
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substance  in  many  of  its  properties.  Flour  kneaded  with  water,  forms  a  tough  and  rather 
indigestible  paste  containing  all  the  constituent  parts  which  we  have  enumerated.  Heat 
produces  a  considerable  change  on  the  glutinous  part  of  this  compound,  and  renders  it 
more  easy  of  mastication  and  digestion.  Still,  however,  it  continues  heavy  and  tough, 
compared  with  bread  which  is  raised  by  leaven  or  yeast.  Leaven  is  nothing  more  than  a 
piece  of  dough,  kept  in  a  warm  place  till  it  undergoes  a  process  of  fermentation ;  swelling, 
becoming  spongy,  or  full  of  air  bubbles,  at  length  disengaging  an  aciJulo-spirituous  va- 
por, and  contracting  a  sour  taste.  When  this  leaven  is  mingled  la  proper  proportions 
with  fresh-made  dough,  it  makes  it  rise  more  readily  and  effectually  than  it  would  do 
alone,  and  gives  it  at  the  same  time  a  greater  degree  of  firmness.  Upon  the  quality  of 
the  leaven  employed,  the  quality  of  the  bread  materially  depends. 

The  principal  improvement  which  has  been  maile  on  bread  in  modern  times,  is  the 
substitution  of  yeast  or  barm  in  place  of  common  leaven.  This  yeast  is  the  viscid  froth 
that  rises  to  the  surface  of  beer,  in  the  first  stage  of  its  fermentation.  When  mixed  with 
the  dough,  it  makes  it  rise  much  more  speedily  and  effectually  than  ordinary  leaven, 
and  the  bread  is  of  course  much  lighter,  and  freer  from  that  sour  and  disagreeable  taste 
which  may  often  be  perceived  in  bread  raised  with  leaven,  either  because  too  much  is 
mingled  with  the  paste,  or  because  it  has  been  allowed  to  advance  too  far  in  the  process 
of  fermentation. 

Bread  properly  raised  and  baked  differs  materially  from  unleavened  cakes,  not  only  in 
being  less  compact  and  heavy,  and  more  agreeable  to  the  taste,  but  in  losing  its  tena- 
cious and  glutinous  qualities,  and  thus  becoming  more  salutary  and  digestible. 

We  possess  several  analyses  of  wheat  flour.  Oi'dinary  wheat  {iriticum  hybernum 
mixed  with  iriticum  turgidum)  contains,  according  to  the  analyses  made  by  Vauquelin 
of  several  species  of  wheat  flour,  the  following  substances  : — 


Species  nf  Wheat. 


French  wheat  flour  -     - 
Hard  wheat  of  Odessa 

flour - 

Soft  wheat   of    Odessa 
flour-     -     -     -    -     - 

Same  sort  of  flour    -    - 

Same  sort  of  flour    -     - 

Wheat   of   the  French 

bakers  -     -     -     -    - 

Flour  of  the  Paris  hos- 
pitals (2d  quality)     - 
Ditto  (3d  quality)    -     - 


Water. 

Glut.en. 

Starch. 

Sugar. 

Gum. 

Bran. 

10-0 

10-96 

71-49 

4-72 

3-32 

- 

12-0 

14-55 

56-50 

8-48 

4-90 

2-3 

100 

12-00 

62-00 

7-56 

5-80 

1-2 

8-0 

12-10 

70-84 

4-90 

4-60 

_ 

12-0 

7-30 

72-00 

5-42 

3-30 

- 

10-0 

10-20 

72-80 

4-20 

2-80 

- 

8-0 

10-30 

71-20 

4-SO 

3-60 

12-0 

902 

67-78 

4-80 

4-60 

2-0 

Total. 

100-49 

98-73 

98-42 
100-41 
■100-02 

100-00 

97-90 
100-21 


Water 
of  dough 


50-3 

51-2 

54-8 
37-4 
37-2 

40-6 

37-8 
37-8 


The  following  table  of  analyses  merits  also  a  place  here. 


Species  of  Flour. 

Water. 

Gluten. 

Starch. 

Sugar. 

Gummigiuten. 

Alliumen. 

Bran. 

Flour  of  the  triticum  spelta 
Ditto  triticum  hybernum 
Ditto  common  wheat  -     - 
Ditto     wheat     and    rye 
mixed  (mastlin)      -     - 

1 
1 

6 

22- 

24- 
12-5 

9-80 

74- 
68- 
74-5 

75-50 

5-50 
5-0 
12- 

4-22 

1- 

1- 

2- 

3-28 

1-50 
1-50 

1-2 

The  first  two  of  the  above  analyses  were  made  by  Vogel,  the  third  by  Proust,  and  the 
fourth  by  Vauquelin. 

Analyses  of  the  flour  of  some  other  corns. 


Species  of  Flour. 

Starch. 

Mucilage. 

Gluten. 

Albumen. 

Sugar. 

Husk. 

Hordein. 

White  oatmeal    -    -    - 
Barley  meal    -    -    -    - 

59-00 
32-00 

2-5 
9- 

3- 

4-30 

8-25 

Of  resin. 

2 

Of  a  fat  oil, 

2 

55 

The  first  analysis  is  by  Vogel,  the  second  by  Proust. 

It  deserves  to  be  remarked,  that  the  flour  of  Odessa  contains  a  much  greater  quantity 
of  sugar  than  the  French  flour.  The  substance  indicated  in  the  preceding  table  by  the 
name  of  gluten,  is  the  gluten  of  Beccaria ;  that  is  to  say,  a  mixture  of  gluten  and  vegetable 
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albumen.  The  gum  of  wheat  is  not  quite  identical  with  ordinary  gum.  It  is  a  brown 
azotized  substance,  which,  when  treated  by  nitric  acid,  affords  no  mucic  acid,  but  oxalic 
acid  and  the  bitter  piinciple  of  Welter.     It  contains  besides  superphosphate  of  lime. 

The  last  column  of  tlie  first  table  exhibits  the  quantity  of  water  necessary  to  convert 
the  flour  into  dough  of  the  ordinary  consistence,  and  it  is  usually  proportional  to  the 
quantity  of  gluten.  The  hard  wheat  of  Odessa  forms  an  exception  in  this  respect ;  the 
reason  of  the  difference  being  that  the  starch  contained  in  this  flour  is  not  as  in  or- 
dinary flour  in  a  fine  powder,  but  in  small  transparent  grains,  which  resemble  pounded 
gum,  and  absorb  less  water  than  pulverulent  starch. 

The  triticum  monococcov,  according  to  Zenneck,  contains  in  its  unsifted  flour,  16*334 
of  gluten  and  vegetable  albumen;  64-838  of  starch;  11-347  of  gum,  sugar,  and  extractive; 
7-481  of  husks.  The  sifted  flour  affords  15-536  of  gluten  and  vegetable  albumen; 
76-459  of  starch;  7-198  of  sugar,  gum,  and  extractive;  0-807  of  husky  matter.  It  is 
difficult  to  conceive  how  such  great  quantities  of  gluten,  albumen,  and  extractive  matter 
could  disappear  in  the  sifting.  The  triticum  spelta  contains  in  100  parts  of  the  finest 
flour,  22-5  of  a  soft  and  humid  gluten,  mixed  with  vegetable  albumen  ;  74  of  starch,  and 
5-5  of  sugar.     Here  we  have  an  excess  of  2  parts  in  the  fOO. 

Wheat  furnishes  very  little  ashes  by  incineration,  not  more  than  0-15  per  cent,  of  the 
weight;  containing  superphosphates  of  soda,  lime,  and  magnesia. 

The  object  of  baking  is  to  combine  the  gluten  and  starch  of  the  flour  into  a  homo- 
geneous substance,  and  to  excite  such  a  vinous  fenncntalive  action,  by  means  of  its 
saccharine  matter,  as  shall  disengage  abundance  of  carbonic  acid  gas  in  it  for  making 
an  agreeable,  soft,  succulent,  sponsy,  and  easily  digestible  bread  The  two  evils  to  be 
avoided  in  baking  are  hardness  on  the  one  hand,  and  pastiness  on  tlie  other.  Well-made 
bread  is  a  chemical  compound,  in  which  the  gluten  and  starch  cannot  be  recognised 
or  separated,  as  befofe,  by  a  stream  of  water.  When  flour  is  kneaded  into  a  dough, 
and  spread  into  a  cake,  this  cake,  when  baked,  will  be  horny  if  it  be  thin,  or  if  thick, 
will  be  tough  and  clammy;  whence  we  see  the  value  of  that  fermentative  process,  which 
irenerates  thousands  of  little  cells  in  the  mass  or  crumb,  each  of  them  dry,  yet  tender 
and  succulent,  through  the  intimate  combination  of  the  moisture.  By  this  constitution 
it  becomes  easily  soluble  in  the  juices  of  the  stomach,  or,  in  other  words,  light  of  diges- 
tion. It  is  moreover  much  less  liable  to  turn  sour  than  cakes  made  from  unfermented 
dough. 

Rye,  which  also  forms  a  true  spongy  bread,  though  inferior  to  that  of  wheat,  consists 
of  similar  inirredients :  namely,  61-07  of  starch;  9-48  of  slutcn ;  3-28  of  vegetable 
albumen;  3-28  of  unci  ystallizable  sugar;  11-09  of  gum ;  6-38  of  vegetable  fibre;  the 
loss  upon  the  100  parts  amounted  to  5-62,  includins:  an  acid  whose  nature  the  analyst, 
M.  Einhof,  did  not  determine.  Rye  flour  contains  also  several  salts,  principally  tlie 
phospliates  of  lime  and  magnesia.  This  kind  of  grain  forms  a  dark-colored  bread 
reckoned  very  wholesome ;  comparatively  little  used  in  this  country,  but  very  much  in 
France,  Germany,  and  Belgium. 

Dough  fermented  with  the  aid  either  of  leaven  or  yeast,  contains  little  or  none  of  the 
saccharine  matter  of  the  flour,  but  in  its  stead  a  certain  portion,  nearly  half  its  weight, 
of  spirit,  which  imparts  to  it  a  vinous  smell,  and  is  volatilized  in  the  oven;  whence  it 
might  be  condensed  into  a  crude  weak  alcohol,  on  the  plan  of  Mr.  Hick's  patent,  were  it 
worth  while.  But  the  increased  complexity  of  the  baking  apparatus  will  probably  prove 
an  effectual  obstacle  to  the  commercial  success  of  this  project,  upon  which  already  up- 
wards of  £20,000  sterling  have  been  squandered. 

That  the  sugar  of  the  flour  is  the  true  element  of  the  fermentation  preposterously 
called  panary,  which  dough  undergoes,  and  that  the  starch  and  gluten  have  nothing  to 
do  with  it,  may  be  proved  by  decisive  experiments.  The  vinous  fermentation  continues 
till  the  whole  sugar  is  decomposed,  and  no  longer ;  when,  if  the  process  be  not  checked 
by  the  heat  of  baking,  the  acetous  fermentation  will  supervene.  Therefore,  if  a  little 
sugar  be  added  to  a  flour  which  contains  little  or  none,  its  dough  will  become  susceptible 
of  fermenting,  with  extrication  of  gas,  so  as  to  make  spongy  succulent  bread.  But  since 
this  sponginess  is  produced  solely  by  the  extrication  of  gas,  and  its  expansion  in  the  heat 
of  the  oven,  any  substance  capable  of  emitting  gas,  or  of  being  converted  into  it  under 
these  circumstances,  will  answer  the  same  purpose.  Were  a  solution  of  bicarbonate  of 
ammonia  obtained  by  exposing  the  common  sesqui-carbonate  in  powder  for  a  day  to  the 
ail",  incorporated  with  the  dough,  in  the  subsequent  firing  it  will  be  converted  into 
vapor,  and  in  its  extrication  render  the  bread  very  porous.  Nay,  if  water  highly 
impregnated  with  carbonic  acid  gas  be  used  for  kneading  the  dough,  the  resulting  bread 
will  be  somewhat  spongy.  Could  a  light  article  of  food  be  prepared  in  this  way,  then 
R-s  the  sugar  would  remain  undecomposed,  the  bread  would  be  so  much  the  sweeter,  and 
the  more  nourishing.  How  far  a  change  propitious  to  digestion  takes  place  in  the 
constitution  of  the  starch  and  gluten,  during  the  fermentative  action  of  the  dough,  has 
not    been    hitherto    ascertained   by    precise    experiments.     Medical   practitioners,  who 
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derive  an  enormous  revenue  from  dysj  epsia,  should  take  some  pains  to  investigate  this 
subject. 

Dr.  Colquhoun,  in  his  able  essay  upon  the  art  of  making  bread,  has  shown  that  its  textuve, 
when  prepared  by  a  sudden  formation  and  disengagement  of  elastic  fluid  generated  within 
the  oven,  differs  remarkably  from  that  of  a  loaf  Avhich  has  been  made  after  the  prepara- 
tory fermentation  with  yeast.  Bread  which  has  been  raised  with  the  common  caibonate 
of  ammonia,  as  used  by  the  pastry-cooks,  is  porous  no  doubt,  but  not  spongy  with  vesicu- 
lar spaces,  like  that  made  in  the  ordinary  way.  The  former  kind  of  bread  never  presents 
that  air-cell  stratification  which  is  the  boast  of  the  Parisian  baker,  but  which  is  almost  un- 
known in  London.  I  have  found  it,  moreover,  very  difficult  to  expel  by  the  oven  the  last 
portion  of  the  ammonia,  which  gives  both  a  tin2;e  and  a  taste  to  the  bread.  I  believe, 
however,  that  the  bicarbonate  would  be  nearly  free  from  this  objection,  which  operates 
so  much  against  the  sesqui-carbonate  of  the  shops. 

In  opposition  to  Mr.  Edlm's  account  of  the  excellent  quality  of  bread  made  by  im- 
pregnating dough  with  carbonic  acid  gas,*  Dr.  Colquhoun  adduces  Vogel's  experiments, 
which  show  that  such  dough,  when  baked,  after  having  been  kept  in  a  warm  situation 
during  the  usual  time,  afforded  nothing  better  than  a  hard  cake,  which  had  no  resem- 
blance to  common  bread.  Vogel  furthei?  states,  as  illustrative  of  the  general  necessity 
of  providing  a  sufficient  supply  of  disengaged  elastic  fluid  within  the  dough,  before 
baking  it  at  all,  that  when  he  made  various  attempts  to  form  a  well-raised  vesicular  loaf, 
within  the  oven,  by  mixing  flour  with  carbonate  of  magnesia,  or  with  zinc  filings,  and 
then  kneading  it  into  a  paste  by  means  of  water,  acidulated  with  sulphuric  acid,  he  al- 
ways met  with  complete  failure  and  disappointment.  Dr.  Colquhoun  performed  a  series 
of  well-devised  experiments  on  this  subject,  which  fully  confirmed  Vogel's  results,  and 
prove  that  a  proper  spongy  bread  cannot  be  made  by  the  agency  of  either  carbonic  acid 
water,  or  of  mixtures  of  sesqui-carbonate  of  soda,  and  tartaric  acid.  The  bread  proved 
doughy  and  dense  in  every  case,  though  less  so  with  the  latter  mixture  than  the  former. 
No  loaf  bread  can,  indeed,  be  well  made  by  any  of  these  two  extemporaneous  systems, 
because  they  are  inconsistent  with  the  thorough  kneading  of  the  dough.  It  is  this  pro- 
cess which  renders  dough  at  once  elastic  enough  to  expand  when  carbonic  acid  gas  is 
generated  within  it,  and  cohesive  enough  to  confine  the  gas  when  it  is  generated.  The 
whole  gas  of  the  loaf  is  disengaged  in  its  interior  by  a  continuous  fermentation,  after  all 
the  processes  of  kneading  have  been  finished  ;  for  the  loaf,  after  being  kneaded,  weighed 
out,  and  shaped,  is  set  aside  till  it  expands  gradually  to  double  its  bulk,  before  it  is  put 
into  the  oven.  But  when  a  dough  containing  sesqui-carbonate  of  soda  is  mixed  with  one 
containing  muriatic  acid,  in  due  proportions  to  form  the  just  dose  of  culinary  salt,  the  gas 
escapes  during  the  necessary  incorporation  of  the  two,  and  the  bread  formed  from  it  is 
dense  and  hard.  Dr.  Whiting  has,  however,  made  this  old  chemical  process  the  subject 
of  a  new  patent  for  baking  bread. 

When  the  baker  prepares  his  dough,  he  takes  a  portion  of  the  water  needed  for 
the  batch,  having  raised  its  temperature  to  from  70°  to  100°  F.,  dissolves  a  certain 
proportion  of  his  salt  in  it,  then  adds  the  yeast,  and  a  certain  quantity  of  his  flour. 
This  mixture,  called  the  sponge,  is  next  covered  up  in  the  small  kneading-trough, 
alongside  of  the  large  one,  and  let  alone  for  setting  in  a  warm  situation.  In  about  an 
hour,  signs  of  vinous  fermentation  appear,  by  the  swelling  and  heaving  up  of  the  sponge, 
in  consequence  of  the  generation  of  carbonic  acid;  and  if  it  be  of  a  semi-liquid  con- 
sistence, large  air  bubbles  will  force  their  way  to  the  surface,  break,  and  disappear  in 
rapid  succession.  But  when  the  sponge  has  the  consistence  of  thin  dough,  it  confines  the 
gas,  becomes  thereby  equably  and  progressively  inflated  to  double  its  original  volume ; 
when  no  longer  capable  of  containins  the  pent-up  air,  it  bursts  and  subsides.  This 
process  of  rising  and  falling  alternately  might  be  carried  on  during  twenty-four  hours, 
but  the  baker  has  learned  by  experience  to  guard  against  allowing  full  scope  to  the  fer- 
mentative principle.  He  generally  interferes  after  the  first,  or  at  furthest  after  the 
second  or  third  dropping  of  the  sponge  ;  for  were  he  not  to  do  so,  the  bread  formed  with 
such  dough  would  be  invariably  found  sour  to  the  taste  and  the  smell.  Therefore  he 
adds  at  this  stage  to  the  sponge  the  reserved  proportions  of  flour,  salt,  and  water,  whicn 
are  requisite  to  make  the  dough  of  the  desired  consistence  and  size ;  and  next  incor- 
porates the  whole  together  by  a  long  and  laborious  course  of  kneading.  When  this 
opei'ation  has  been  continued  till  the  fermenting  and  the  fresh  dough  have  been  intimately 
blended,  and  till  the  glutinous  matter  of  both  is  worked  into  such  union  and  consistence 
that  the  mass  becomes  so  tough  and  elastic  as  to  receive  the  smart  pressure  of  the 
hand  without  adhering  to  it,  the  kneading  is  suspended  for  some  time.  The  dough  is 
now  abandoned  to  itself  for  a  few  hours,  during  which  it  continues  in  a  state  of  active 
fermentation  throughout  its  entire  mass.  Then  it  is  subjected  to  a  second  but  much 
less  laborious  kneading,  in  order  to  distribute  the  generated  gas   as  evenly  as  possible 

*  Treatise  on  the  Art  of  Bread  Making,  p.  56. 
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among  its  parts,  so  that  they  may  all  partake  equally  of  the  vesicular  structure.  Aftef 
this  second  kneading,  ihe  dough  is  weighed  out  into  the  portions  suitable  to  the  size  of 
bread  desired ;  which  are  of  course  shaped  into  the  proper  forms,  and  once  more  set 
aside  in  a  warm  situation.  The  continuance  of  the  fermentation  soon  disengages  a  fresh 
quantity  of  carbonic  acid  gas,  and  expands  the  lumps  to  about  double  their  pristine  volume. 
These  are  now  ready  for  the  oven,  and  when  they  finally  quit  it  in  the  baked  state,  are 
about  twice  the  size  they  were  when  they  went  in.  The  generation  of  the  due  quantity 
of  gas  should  be  complete  before  the  lumps  are  transferred  to  the  oven  ;  because  whenever 
they  encounter  its  heat,  the  process  of  fermentation  is  arrested ;  for  it  is  only  the  previ- 
ously existing  air  which  gets  expanded  throughout  every  part  of  the  loaf,  swells  out  its 
volume,  and  gives  it  the  piled  and  vesicular  texture.  Thus  the  well-baked  loaf  is  com- 
posed of  an  infinite  number  of  cellules  filled  with  carbonic  acid  gas,  and  apparently  lined 
with  a  glutinous  membrane  of  a  silky  softness.  It  is  this  which  gives  the  light,  elastic, 
porous  constitution  to  bread. 

After  suflTering  the  fermentative  process  to  exhaust  itself  in  a  mass  of  dough,  and  the 
dough  to  be  brought  into  that  stale  in  which  the  addition  of  neither  yeast,  nor  starch,  nor 
gluten  will  produce  any  effect  in  restoring  that  action,  if  we  mix  in  4  per  cent,  of  saccha- 
jine  matter,  of  any  kind,  with  a  little  yeast,  the  process  of  fermentation  will  immediately 
re-commence,  and  pursue  a  course  as  active  and  lengthened  as  at  first,  and  cease  about 
the  same  period.* 

This  experiment,  taken  in  connexion  with  the  facts  formerly  stated,  proves  that  what 
was  called  panary  fermentation,  is  nothing  but  the  ancient  and  Avell-known  process  of  the 
vinous  fermentation  of  sugar,  which  generates  alcohol.  There  seems  to  be  but  one  ob- 
jection to  the  adoption  of  this  theory.  After  the  loaf  is  baked,  there  is  found  in  its  com- 
position nearly  as  much  saccharine  matter  as  existed  in  the  flour  before  fermentation. 
M.  Vogel  stales  that  in  the  baked  bread  there  remains  3-6  (larts  of  sugar,  out  of  the 
5  parts  which  it  originally  contained.  Thus,  in  100  parts  of  loaf  bread  prepared  with 
wheaten  flour,  distilled  water,  and  yeast  without  the  admixture  of  any  common  salt,  he 
found  the  following  ingredients  : — 

Sugar  ...  3-6 

Torrefied  or  gummy  starch  -         IS'O 

Starch  -  -  -  53-5 

Gluten,  combined  with  a  little  starch,  20'75 
Exclusive  of  carbonic  acid,  muriate  of  lime,  phosphate  of  lime,  &.c. 

It  must  be  borne  in  mind  that  in  every  loaf  the  process  of  fermentation  has  been  pre- 
maturely checked  by  the  baker's  oven,  and  therefore  the  saccharine  constituent  can  never 
be  wholly  decomposed.  It  seems  certain,  also,  that  by  the  sction  of  gluten  upon  the 
starch  in  the  early  stage  of  the  firing,  a  quantity  of  sugar  will  be  formed  by  the  saccha- 
rine fermentation;  which  we  have  explained  in  treating  of  Bkeb. 

Several  masses  of  dough  were  prepared  by  Dr.  Colquhoun  in  which  pure  wheat  starch 
was  mixed  with  common  flour,  in  various  proportions.  In  some  of  the  lumps  this  slaich 
had  been  gelatinized,  with  the  minimum  of  hot  water,  before  it  was  added  to  the  flour. 
After  introducing  the  usual  dose  of  salt,  the  dough  was  thoroughly  kneaded,  set  apart  for 
the  proper  period,  allowed  to  ferment  in  the  accustomed  way,  and  then  baked  in  the  oven. 
In  outward  appearance,  increase  of  bulk,  and  vesicular  texture,  none  of  them  differed 
materially  from  a  common  loaf,  baked  along  with  them  for  the  sake  of  comparison  ; 
except  that  when  the  starch  considerably  exceeded  the  proportion  of  flour  in  the  lump, 
the  loaf,  though  whiter,  had  not  risen  so  well,  being  somewhat  less  vesicular.  But,  on 
tasting  the  bread  of  each  loaf,  those  which  contained  most  gelatinized  starch  were  unex- 
pectedly found  to  be  the  sweetest.  The  other  loaves,  into  which  smaller  quantities  of 
the  gelatinized  starch  had  been  introduced,  or  only  some  dry  starch,  had  no  sweetish 
taste  whatever  to  distinguish  them  from  ordinary  bread.  These  facts  seem  to  establish 
the  conclusion,  that  the  presence  of  gelatinous  starch  in  bread  put  into  tlie  oven,  is  a 
means  of  forming  a  certain  portion  of  saccharine  matter  within  the  loaf,  during  the  bak- 
ing process.  Now  it  is  more  than  probable  that  gelatinized  starch  docs  exist,  more  or 
less,  in  all  loaves  which  have  been  fermented  by  our  usual  methods,  and  hence  a  certain 
quantity  of  sugar  will  necessarily  be  generated  at  its  expense,  by  the  action  of  heat. 
Thus  the  difficulty  started  by  M.  Vogel  is  sufficiently  solved ;  and  there  remains  no  doubt 
that,  in  the  saccharine  principle  of  flour,  the  fermentation  has  its  origin  and  end,  while  dough 
is  under  fermentation. 

The  source  of  the  sourness  which  supervenes  in  bread,  under  careless  or  unskilful 
hands,  had  been  formerly  ascribed  to  each  of  all  the  constituents  of  flour;  to  its  gluten, 
its  starch,  and  its  sugar;  but  erroneously,  as  we  now  see  :  for  it  is  merely  the  result  of 
the  second  fermentation  which  always  succeeds  the  vinous,  when  pushed  improperly  too 
far.     It  has  been  universally  taken  for  granted  by  authors,  that  the  acid  thus  generated 

*  Dr.  Coiquhouii,  in  Annals  of  Philosophy  for  1820,  vol.  xii.  p.  171. 
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:ln  dough  is  the  acetic.  But  there  appear  good  grounds  to  believe  that  it  is  frequently 
a  less  volatile  acid,  probably  the  lactic,  particularly  when  the  process  has  been  tardy, 
from  the  imperfection  of  the  yeast  or  the  bad  quality  of  the  flour.  The  experiments  of 
Vogel,  Braconnot,  and  others,  prove  that  the  latter  acid  is.  generated  very  readily,  and  in 
considerable  quantity  during  the  spontaneous  decomposition  of  a  great  many  vegetable 
substances,  when  in  a  state  of  humidity.  The  presence  of  lactic  acid  would  account 
for  the  curious  fact,  that  the  acidity  of  unbaked  dough  is  much  more  perceptible  to  the 
taste  ihan  to  the  smell;  while  the  sourness  of  the  same  piece  of  bread,  after  coming  out 
of  the  oven,  is,  on  the  contrary,  much  more  obvious  to  the  olfactory  organs  than  to  the 
palate.  But  this  is  exactly  what  ought  to  happen,  if  the  lactic  acid  contributes,  in  con- 
junction with  the  acetic,  to  produce  the  acescence  of  the  dough.  At  the  ordinary  tem- 
perature of  a  bakehouse,  the  former  acid,  though  very  perceptible  in  the  mouth,  is  not 
distinguishable  by  the  nostrils;  but  as  it  is  easily  decomposed  by  heat,  no  sooner  is  it  ex- 
posed to  the  high  temperature  of  the  oven,  than  it  is  resolved,  in  a  great  measure,  into 
acetic  acid,*  and  thus  becomes  more  manifest  to  the  sense  of  smell,  and  less  to  tha^  of 
taste.  This  theory  seems  to  explain  satisfactorily  all  the  phenomena  accompanying  the 
progress  of  fermentation  in  baker's  dough,  and  also  some  of  its  resulls  in  the  process  of 
baking  which  do  not  easily  admit  of  any  other  solution. 

There  are  extremely  simple  and  effectual  methods  for  enabling  the  baker  to  adopt 
measures  either  to  prevent  or  correct  the  evil  of  acescence,  and  these  are  to  neutralize 
the  acid  by  the  due  exhibition  of  an  alkali,  such  as  soda ;  or  an  alkaline  earth,  such  as 
magnesia  or  chalk.  And  it  affords  a  striking  proof  of  how  much  the  artisan  has  been 
accustomed  to  plod,  uninquiring  and  uninformed,  over  the  same  ground,  that  a  remedy 
so  safe  and  so  economical,  should  remain  at  this  day  unthought  of  and  unemployed  by 
most  of  the  manufacturers  of  bread  in  the  United  Kingdom.  The  introduction  of  a 
small  portion  of  carbonate  of  soda  will  rectify  any  occasional  error  in  ihe  result  of  the 
so  called  panary  fermentation,  and  will,  in  fact,  restore  the  douijh  to  its  pristine  sweet- 
ness. The  quantity  of  acetate  of  soda,  which  will  be  thus  present  in  the  bread,  will  be 
altogether  inconsiderable  ;  and  as  it  has  no  disagreeable  taste,  and  is  merely  aperient  to 
the  bowels  in  a  very  mild  degree,  it  can  form  no  objection  in  the  eye  of  the  public 
police.  The  restoration  of  dough  thus  tainted  with  acid,  and  its  conversion  into 
pleasant  and  wholesome  bread,  has  been  sufficiently  verified  by  experiment.  But, 
according  to  Mr.  Edmund  Davy,  carbonate  of  magnesia  may  be  used  M'ith  still  greater 
advantage,  as  during  the  slow  action  of  the  acid  upon  it,  the  carbonic  acid  evolved 
serves  to  open  up  and  lighten  bread  which  would  otherwise  be  dense  and  doughy  from 
the  indifferent  quality  of  the  flour.  Here,  however,  the  dangerous  temptation  lies  with 
a  sordid  baker  to  use  cheap  or  damaged  flour,  and  to  rectify  the  bread  made  of  it  by 
chemical  agents,  innocent  in  themselves,  but  injurious  as  masks  of  a  bad  raw  material. 
When  sour  yeast  must  be  used,  as  sometimes  happens  with  the  country  bakers,  or  in 
private  houses  at  a  distance  from  beer  breweries,  there  can  be  no  harm,  but,  on  the 
contrary,  much  propriety,  in  correcting  its  acidity,  by  the  addition  of  as  much  carbonate 
of  soda  to  it  as  will  effect  its  neutralization,  but  nothing  more.  When  sour  yeast  has 
been  thus  corrected,  it  has  been  found,  in  practice,  to  possess  its  fermentative  power  un- 
impaired, and  to  be  equally  efficacious  with  fresh  formed  yeast,  in  making  good  palata- 
ble loaves. 

We  have  seen  that,  in  bakin?,  about  one  fourth  of  the  starch  is  converted  into  a 
matter  possessing  the  properties  of  British  gum  (see  Starch),  and  also  that  the  gluten, 
though  not  decomposed,  has  its  particles  disunited,  and  is  not  so  tou!?h  and  adhesive  as 
it  is  in  the  flour.  This  principle  is  also,  as  we  have  said,  useful  in  cementing  all  the 
particles  of  the  dough  into  a  tenacious  mass,  capable  of  confining  the  elastic  fluid  gene- 
rated by  the  vinous  fermentation  of  the  sugar.  Starch  is  the  main  constituent,  the  basis 
of  nourishment  in  bread,  as  well  as  in  all  farinaceous  articles  of  food.  The  albumen  al- 
so of  the  wheat,  being  coagulated  by  the  heat  of  the  oven,  contributes  to  the  setting  of 
the  bread  into  a  consistent  elastic  body. 

In  the  mills  in  the  neighborhood  of  London,  no  less  than  seven  distinct  sorts  of  flour 
are  ground  out  of  one  quantity  of  wheat.     These  are  for  one  quarter — 

Fine  flour      .--.--     5  bushels  3  pecks. 
Seconds     --...-0  2 

Fine  middlings 0  1 

Coarse  middlings        .         .         .         .  0  0'.5 

Bran 3  0 

Twenty-penny  -----  3  0 

Pollard •        -        -    2 

14  2-5 

*  Berzelius. 
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So  that  we  have  nearly  a  double  bulk  of  flour,  or  14  bushels  and  2$  pecks  from  8  bushels 
of  wheat.  In  the  sifting  of  the  flour  through  the  bolter,  there  is  a  fine  white  angular  meal 
obtained  called  sharps,  which  forms  the  ceatral  part  of  the  grain.  It  is  consumed  partly 
by  the  fine  biscuit  bakers.  The  bakers  of  this  country  were  formerly  bound  by  law  to  bake 
three  kinds  of  bread,  the  ivheaten,  standard  wheaten,  and  the  household ;  marked  respec- 
tively with  a  W,  S  W,  and  H,  and  if  they  omitted  to  make  these  marks  on  their  bread 
they  were  liable  to  a  penalty.  The  size  of  the  loaves  weie  usually  peck,  half-peck, 
quartern,  and  half-quartern  ;  the  weights  of  which,  within  48  hours  of  their  being  baked, 
should  have  been  respectively  17  lbs.  6  oz. ;  8  lbs.  11  oz. ;  4  lbs.  5  oz.  8  dr. ;  and  4  lbs. 
2  oz.  14  dr.  In  general  they  weigh  about  one  seventh  more  before  they  enter  the  oven, 
or  they  lose  one  seventh  of  their  weight  in  baking.  The  French  bread  loses  fully  one 
sixth  in  the  oven,  owing  chiefly  to  its  more  oblong  thin  shape,  as  compared  to  the 
cubical  shape  of  the  English  bread.  But  this  loss  of  weight  is  very  variable,  being  de- 
pendant upon  the  quality  of  the  wheaten  flour,  and  the  circumstances  of  baking.  The 
present  law  in  England  defines  the  quartern  loaf  at  4  lbs.,  and  subjects  the  baker  to  a 
penally  if  the  bread  be  one  ounce  lighter  than  the  standard.  Hence  it  leaves  the  baker, 
in  self-defence,  to  leave  it  in  rather  a  damp  and  doughy  state.  But  there  is  much  light 
bread  sold  in  London.  I  have  met  with  quartern  loaves  of  3  lbs.  10  oz.  A  sack  of  flour 
weighing  2S0  lbs.  was  presumed  by  the  framers  of  our  former  parliamentary  acts,  for  the 
assize  of  bread,  to  be  capable  of  being  baked  into  80  loaves.  If  this  proportion  had  been 
correct,  one  fifth  part  of  our  quartern  loaf  must  consist  of  water  and  salt,  and  four  fifths 
of  flour.  But  in  general,  of  good  wheaten  flour,  three  parts  will  take  up  one  part  of 
water ;  so  that  the  sack  of  flour  should  have  turned  out,  and  actually  did  turn  out,  more 
than  80  loaves.     At  present  with  4  lb.  bread  it  may  well  yield  92  loaves. 

The  following  statement  of  the  system  of  baking  at  Paris,  I  received  in  1835  from  a 
very  competent  judge  of  the  business. 

1,000  kilogrammes  of  wheat=5  quarters  English,  cost  200  fr.,  and  yield  800  kilos. 
of  flour  of  the  best  white  quality,  equivalent  to  5-J_  sacks  French.  Hence  the  sack  of 
flour  costs  40  francs  at  the  mill,  and  including  the  carriage  to  Paris,  it  costs  45  or  46 
francs. 

The  profit  of  the  flour  dealer  is  about  3 5  francs,  and  the  sale  price  becomes  from  43  to 
50  francs. 

Bread  manufactured  from  the  above. 

£    s.    d.         £    s.    d. 
One  day's  work  of  an  ordinary  baker,  who  makes  four  batches 

in  a  dav,  consists  of  3  sacks  at  50  francs,  or  2/.  sterling  each 

Salt  2f  lbs.  at  2(/.  per  lb. 

Yeast  or  leaven  3  lbs.  at  5rf.       - 

Total  cost  of  materials  --.._..  61     85 

Expenses  of  Baking. 
Three  workmen  at  diflerent  rates  of  wages,  15  francs      -        -    0    12    0 
Fire-wood  0,  as  the  charcoal  produced  pays  for  it     - 
General  expenses,  such  as  rent,  taxes,  interest  of  capital,  &c.       0    12    0 

1      4     0    =    140 

7  5  8i 
For  this  sum  315  loaves  are  made,  being  105  for  eveiy  sack 
of  flour  weishinsi  156-66  kilos,  or  344f  lbs.  avoird.  One 
loaf  contains  therefore  ^11-6  6  _  3-282  lbs.,  and  as  100  lbs. 
of  flour  in  Parisian  baking  are  reckoned  to  produce 
127  lbs.  of  bread,  each  loaf  will  weigh  4-168  lbs., .avoird., 
and  will  cost  7/.  bs.  8hd.  divided  by  315  =  5|d.  very 
nearly.  The  value  of  315  loaves  at  the  sale  price  of  6d. 
will  be  --...-  .  7    17    5 


6 

0 

0 

0 

0 

5^ 

0 

1 

3 

Upon  this  day's  work  the  clear  profit  is  therefore         -  -  0    11    6| 

A  new  baking  establishment  has  been  recently  formed  at  the  Royal  Clarence 
Victualling  Establishment  at  Weevil,  near  Portsmo\Uh,  upon  a  scale  of  magnitude  near- 
ly suflicient  to  supply  the  whole  royal  navy  with  biscuits,  and  that  of  a  very  superior 
description.  The  following  account  of  it  is  taken  from  the  United  Service  Journal. 
"  It  having  been  discovered  that  the  flour  supplied  to  government  by  contract,  had  in 
many  instances  been  most  shamefully  adulterated,  the  corn  is  ground  at  mills  comprised 
within  the  establishment,  by  which  means  the  introduction  of  improper  ingredients  is 
prevented,  and  precisely  the  proportion  of  bran  which  is  requisite  in  the  composition  of 
good  sea-biscuit  is  retained,  and  no  more.     The  flour-mill  is  furnished  with  ten  pairs  of 
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stones,  by  which  40  bushels  of  flour  may  be  ground  and  dressed  ready  for  baking,  in  an 
hour.  The  baking  eslablishment  consists  of  9  ovens,  each  13  feet  long  by  11  feet  wide, 
and  17|  inches  in  height.  These  are  each  heated  by  separate  furnaces,  so  constructed 
that  a  blast  of  hot  air  and  fne  sweeps  through  them,  and  gives  to  the  interior  the 
requisite  dose  of  heat  in  an  incredible  short  space  of  time.  The  first  operation  in 
making  the  biscuits  consists  in  mixing  the  flour,  or  rather  meal  and  M'ater ;  13  gallons  of 
water  are  first  introduced  into  a  trough,  and  then  a  sack  of  the  meal,  weighing  280  lbs. 
When  the  whole  has  been  poured  in  by  a  channel  communicating  with  an  upper  room, 
a  beU  rings,  and  the  tiough  is  closed.  An  apparatus  consisting  of  two  sets  of  what  are 
called  knives,  each  set  ten  in  number,  are  then  made  to  revolve  amongst  the  flour  and 
water  by  means  of  machinery.  This  mixing  operation  lasts  one  minute  and  a  half, 
duiing  which  time  the  double  set  of  knives  or  stirrers  makes  twenty-six  revolutions.  The 
next  process  is  to  cast  the  lumps  of  dough  under  what  are  called  the  breaking-rollers, — 
\nge  cylinders  of  iron,  weighing  14  cwt.  each,  and  moved  liorizontally  by  the  machinery 
along  stout  tables.  The  dou^h  is  thus  formed  into  large  rude  masses  6  feet  long  by  3 
feet  broad,  and  several  inches  thick.  At  this  stage  of  the  business,  the  kneading  is  still 
very  imperfect,  and  traces  of  dry  flour  may  still  be  detected.  These  great  masses  of 
douch  are  now  drawn  out,  and  cut  into  a  number  of  smaller  masses  about  a  foot  and  a 
half  long  by  a  fool  wide,  and  again  thrust  under  the  rollers,  which  is  repeated  until  the 
mixture  is  so  complete  that  not  the  slightest  trace  of  any  inequality  is  discoverable  in  any 
part  of  the  mass.  It  should  have  been  stated  that  two  workmen  stand  one  at  each  side 
of  the  rollers,  and  as  the  dough  is  flattened  out  they  fold  it  up,  or  double  one  part  upon 
another,  so  that  the  roller  at  its  next  passage  squeezes  these  parts  together,  and  forces 
them  to  mix.  The  dough  is  next  cut  into  small  portions,  and  being  placed  upon  large 
flat  boards,  is,  by  the  agency  of  machinery,  conveyed  from  the  centre  to  the  extremity  of 
the  baking-room.  Here  it  is  received  by  a  workman,  who  places  it  under  what  is 
called  the  sheet  roller,  but  v/hich,  for  size,  color,  and  thickness,  more  nearly  resembles 
a  blanket.  The  kneading  is  thus  complete,  and  the  doush  only  requires  to  be  cut  into 
biscuits  before  it  is  committed  to  the  oven.  The  cutting  is  eflectcd  by  what  is  caUed 
the  cutting-plate,  consisting  of  a  net-work  of  52  sharp-edged  hexagonal  frames,  each  as 
large  as  a  biscuit.  This  frame  is  moved  slowly  up  and  down  by  machinery,  and  the 
workman,  vvratching  his  opportunity,  slides  under  it  the  above-described  blanket  of 
dough,  which  is  about  the  size  of  a  leaf  of  a  dining-table ;  and  the  cutting-frame  in  its 
descent  indents  the  sheet,  but  does  not  actually  cut  it  through,  but  leaves  sufficient 
substance  to  enable  the  workman  at  the  mouth  of  the  oven  to  jerk  the  whole  mass  of 
biscuits  unbroken  into  it.  The  dough  is  prevented  sticking  to  the  cutting-frame  by 
the  following  ingenious  device  :  between  each  of  the  cutter-frames  is  a  small  flat  open 
frame,  moveable  up  and  down,  and  loaded  with  an  ii'on  ball,  weighing  several  ounces. 
When  the  great  frame  comes  down  upon  the  dough,  and  cuts  out  52  biscuits,  each  of 
these  minor  frames  yields  to  the  pressure,  and  is  raised  up ;  but  as  soon  as  the  great 
frame  rises,  the  weight  of  the  balls,  acting  upon  the  little  frames,  thrusts  the  whole 
blanket  oft',  and  allows  the  workmen  to  pull  it  out.  One  quarter  of  an  hour  is  sufficient 
to  bake  the  biscuit,  which  is  afterwards  placed  for  three  days  in  a  drying  room,  heated 
to  85°  or  90°,  which  completes  the  process."  The  following  statement  of  the  per- 
formance of  the  machinery  is  taken  from  actual  experiment;  in  116  days,  during  68  of 
which  the  work  was  continued  for  only  7|  hours  ;  and  during  48,  for  only  5|  hours 
each  day,  in  all  769  working  hours,  equal  to  77  days  of  10  hours  each;  the  following 
quantity  of  biscuit  was  baked  in  the  9  ovens,  viz. :  12,307  cwt.  =  1,378,400  lbs.  The 
wages  of  the  men  employed  in  baking  this  quantity  amounted  to  273Z.  lO*.  9|ii. ;  if  it 
had  been  made  by  hand,  the  wages  would  have  been  933/.  9.s.  lOfZ. ;  saving  in  the  wages 
of  labor,  659/.  7.i.  O^d.  In  this,  is  not  included  any  part  of  the  interest  of  the  sum  laid 
out  upon  the  machine,  or  expended  in  keeping  it  in  order.  But  in  a  very  few  years,  at 
such  an  immense  rate  of  saving,  the  cost  of  the  engine  and  other  machinery  wiU  be 
repaid.  This  admirable  apparatus  is  the  invention  of  T.  T.  Grant,  Esq.,  storekeeper  of 
the  Royal  Clarence  Victualling  Establishment,  who,  we  believe,  has  been  properly 
rewarded,  by  a  Errant  of  2,000/.  from  government. 

The  labor  of  incorporating  the  ingredients  of  bread,  viz.,  flour,  water,  and  salt,  or 
kneading  douszh,  is  so  great  as  to  have  led  to  the  contrivance  of  various  mechanical  modes 
of  producing  the  same  effect.  One  of  the  most  ingenious  is  that  for  which  a  patent  was 
obtained  in  Atigust,  1830,  by  Mr.  Edwin  Clayton.  It  consists  of  a  rotatory  kneading 
trough,  or  rather  barrel,  mounted  in  bearings  with  a  hollow  axle,  and  of  an  interior 
frame  of  cast  iron  made  to  revolve  by  a  solid  axle  which  passes  through  the  hollow  one; 
in  the  frame  there  are  cutters  diagonally  placed  for  kneading  the  dough.  The  revolving 
frame  and  its  barrel  are  made  lo  turn  in  contrary  directions,  so  as  greatly  to  save  time 
and  equalise  the  operation.  This  double  action  represents  kneading  bv  the  two  hands, 
in  which  the  dough  is  inverted  from  time  to  time,  torn  asunder,  and  reunited  in  every 
ilifterent  (brm.     The  mechanism  will  be  readily  understood  from  the  following  description. 
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Fig.  169  exhibits  a  front  elevation  of  a  rotatory  kneading  trough,  constructed  according 
to  improvements  specified  by  the  patentee,  the  barrel  being  shown  in  section ;  a  is  the 
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barrel,  in<o  which  the  several  ingredients,  consisting  of  flour,  water,  and  yeast,  are  put, 
which  barrel  is  mounted  in  the  frame-work  b,  with  hollow  axles  c  and  d,  which  hollow 
axles  turn  in  suitable  hearings  at  e ;  f  is  the  revolving  frame  which  is  mounted  in  the 
interior  of  the  barrel  a,  by  axles  g  and  h.  The  ends  of  this  revolving  frame  are  fast- 
ened, or  braced  together  by  means  of  the  oblique  cutters  or  braces  /,  which  act  upon  the 
doush  when  the  machine  is  put  in  motion,  and  thus  cause  the  operation  of  kneading. 

Either  the  barrel  may  be  made  to  revolve  without  the  rotatory  frame,  or  the  rotatory 
frame  without  the  barrel,  or  both  may  be  made  to  revolve  together,  but  in  opposite  ways. 
These  several  motions  may  be  obtained  by  means  of  the  gear-work,  shown  at  fc,  /,  and 
in,  as  wdl  be  presently  described. 

If  it  be  desired  to  have  the  revolving  motion  of  the  barrel  and  rotatory  frame  together, 
but  in  contrary  directions,  that  motion  may  be  obtained  by  fastening  the  hollow  axle  of 
the  wheel  m,  by  means  of  a  screw  n,  to  the  axle  h,  of  the  rotatory  frame  /,  tight,  so  as 
they  will  revolve  together,  the  other  wheels  fc  and  I  being  used  for  the  purpose  of  re- 
versing the  motion  of  the  barrel.  It  will  then  be  found  that  by  turning  the  handle  o, 
the  two  motions  will  be  obtained. 

If  it  be  desired  to  put  the  rotatory  frame  /,  only,  into  motion,  that  action  will  be  ob- 
tained by  loosening  the  screw  7j,  upon  the  axle  of  the  wheel  m,  when  it  will  be  found  thai 
the  axle  h  will  be  made  to  revolve  freely  by  means  of  the  winch  o,  without  giving  motion 
to  the  wheels  fr,  /,  and  ?n,  and  thus  the  barrel  will  remain  stationary.  If  the  rotatory 
action  of  the  barrel  be  wanted,  it  will  be  obtained  by  turning  the  handle  jo,  at  the  reverse 
end  of  the  machine,  which,  although  it  puts  the  gear  at  the  opposite  end  of  the  barrel 
into  motion,  yet  as  tlie  hollow  axle  of  the  wheel  m  is  not  fastened  to  the  axle  1\,  by  the 
screw  ?i,  these  wheels  will  revolve  without  carrying  round  the  frame  f. 

M.  Kuhlmann,  Professor  of  Chemistry  at  Lille,  having  been  called  upon  several  times 
by  the  courts  of  justice  to  examine  by  chemical  processes  bread  suspected  of  containing 
substances  injurious  to  health,  collected  some  interesting  facts  upon  the  subject,  which 
were  published  under  the  direction  of  the  central  council  of  salubrity  of  the  department 
dv,  Nord. 

For  some  time  public  attention  had  been  drawn  to  an  odious  fraud  committed  by  a 
great  many  bakers  in  the  north  of  France  and  in  Belgium — the  introduction  of  a  certain 
quantity  of  sulphate  of  copper  into  their  bread.  When  the  flour  was  made  from  bad 
grain  this  adulteration  was  very  generally  practised,  as  was  proved  by  many  convictions 
and  confessions  of  the  guilty  persons.  When  the  dough  does  not  rise  well  in  the  fer- 
mentation {h  jiiiin  ponsse  flat),  this  inconvenience  was  found  to  be  obviated  by  the  ad- 
dition of  blue  vitriol,  which  was  supposed  also  to  cause  the  flour  to  retain  more  water. 
The  quantity  of  blue  water  added  is  extremely  small,  and  it  is  never  done  in  presence  of 
strangers,  because  it  is  reckoned  a  valuable  secret.  It  occasions  no  economy  of  yeast, 
but  rather  the  reverse.  In  a  litre  (about  a  quart)  of  water,  an  ounce  of  sulphate  of 
copper  is  dissolved  ;  and  of  this  solution  a  wine-glass  full  is  mixed  with  the  water  neces- 
sary for  50  quartern  or  4  pound  loaves. 

M.  Kuhlmann  justly  observes,  that  there  can  be  no  safety  whatever  to  the  public  when 
such  a  practice  is  permitted,  because  ignorance  and  avarice  are  always  apt  to  increase  the 
quantity  of  the  jtoisonous  water.  In  analyses  made  by  him  and  his  colleagues,  portions 
of  bread  were  several  times  found  so  impregnated  with  the  above  salt  that  they  had  ac- 
quired a  blue  color,  and  presented  occasionally  even  small  crystals  of  the  sulphate.  By 
acting  on  the  poisoned  bread  with  distilled  water,  and  testing  the  water  with  ferro-cya- 
nate  (prussiate)  of  potash,  the  reddish  brown  precipitate  or  tint  characteristic  of  copper 
will  appear  even  with  small  quantities.  Should  the  noxious  impregnation  be  still  more 
mint-te,  the  bread  should  be  treated  with  a  very  dilute  nitric  acid,  either  directly  or  after 
incineration  in  a  platinum  capsule,  and  the  solution,  when  concentrated  by  evaporation, 
should  be  tested  by  the  ferro-cyanate  of  potash.  In  this  way,  a  one  seventy  thousandth 
part  of  sulphate  of  copper  may  be  detected. 
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M.  Kuhlmann  deduces,  from  a  series  of  experiments  on  baking  with  various  small 
quantities  of  sulphate  of  copper,  that  this  salt  exercises  an  extremely  energetic  action 
upon  the  fermentation  and  rising  of  the  dough,  even  when  not  above  ope  seventy  thou- 
sandth part  of  the  weight  of  the  bread  is  employed ;  or  one  grain  of  sulphate  for  ten  pounds 
of  bread.  The  proportion  of  the  salt  which  makes  the  bread  rise  best  is  one  twenty  thou- 
sandth, or  one  grain  in  three  pounds  of  bread.  If  much  more  of  the  sulphate  be  added, 
the  bread  becomes  moist,  less  white,  and  acquires  a  peculiar  disagreeable  smell  like  that 
of  leaven.  The  increase  of  weight  by  increased  moisture  may  amount  to  one  sixteenth 
without  the  bread  appearing  softer,  in  consequence  of  the  solidifying  quality  of  the  cop- 
per ;  for  the  acid  does  not  seem  to  have  any  influence ;  as  neither  sulphate  of  soda,  sul- 
phate of  iron,  nor  sulphuric  acid  have  any  analogous  power.  Alum  operates  like  blue 
vitriol  on  bread,  but  larger  quantities  of  it  are  required.  It  keeps  water,  and  raises  well, 
to  use  the  bakers'  terms. 

When  alum  is  present  in  bread  it  may  be  detected  by  treating  the  bread  with  distilled 
water,  filtering  the  water  first  through  calico,  and  next  through  filtering  paper,  till  it  be- 
comes clear ;  then  dividing  it  into  two  portions,  and  into  the  one  pouring  a  few  drops 
of  nitrate  or  muriate  of  barytes,  and  into  the  other  a  few  drops  of  water  of  ammonia.  In 
the  former  a  heavy  white  precipitate  indicating  sulphuric  acid  will  appear,  and  in  the 
latter  a  light  precipitate  of  alumina,  redissoluble  by  a  few  drops  of  solution  of  caustic 
potash. 

When  chalk  or  Paris  plaster  is  used  to  sophisticate  flour,  they  may  be  best  detected  by 
incinerating  the  bread  made  of  it,  and  examining  the  ashes  with  nitric  acid,  which  will 
dissolve  the  chalk  with  effervescence,  and  the  Paris  plaster  without.  In  both  cases  the 
calcareous  matter  may  be  demonstrated  in  the  solution,  by  oxalic  acid,  or  better  by  oxa- 
late of  ammonia. 

In  baking  puff"-paste  the  dough  is  first  kneaded  along  with  a  certain  quantity  of  butter, 
then  rolled  out  into  a  thin  layer,  which  is  coated  over  with  butter,  and  folded  face-wise 
many  times  together,  the  upper  and  under  surfaces  being  made  to  correspond.  This 
stratified  mass  is  again  rolled  out  into  a  thin  layer,  its  surface  is  besmeared  with  butter, 
and  then  it  is  folded  face-wise  as  before.  AVhen  this  process  is  repeated  ten  or  a  dozen 
times,  the  dough  will  consist  of  many  hundred  parallel  laminae,  with  butter  interposed 
between  each  pair  of  plates.  When  a  moderately  thick  mass  of  this  is  put  into  the  oven, 
the  elastic  vapor  disengaged  from  the  water  and  the  butter,  diflfuses  itself  between  each 
of  the  thin  laminee,  and  causes  them  to  swell  into  what  is  properly  called  puff-paste,  be- 
ing an  assemblage  of  thin  membranes,  each  dense  in  itself,  but  more  or  less  distinct  from 
the  other,  and  therefore  forming  apparently,  but  not  really,  light  bread. 

One  of  the  most  curious  branches  of  the  baker's  craft  is  the  manufacture  of  ginger- 
bread, which  contains  such  a  proportion  of  molasses,  that  it  cannot  be  fermented  by 
means  of  yeast.  Its  ingredients  are  flour,  molasses  or  treacle,  butter,  common  potashes, 
and  alum.  After  the  butter  is  melted,  and  the  potashes  and  alum  are  dissolved  in  a 
little  hot  water,  these  three  ingredients,  along  with  the  treacle,  are  poured  among  the 
flour,  which  is  to  form  the  body  of  the  bread.  The  whole  is  then  incorporated  by 
mixture  and  kneading  into  a  stiff  dough.  Of  these  five  constituents  the  alum  is 
thought  to  be  the  least  essential,  although  it  makes  the  bread  lighter  and  crisper,  and 
renders  the  process  more  rapid;  for  gingerbread  dough  requires  to  stand  over  several 
days,  sometimes  8  or  10,  before  it  acquires  that  state  of  porosity  which  qualifies  it  for 
the  oven.  The  action  of  the  treacle  and  alum  on  the  potashes  in  evolving  carbonic  acid, 
seems  to  be  the  gasefying  principle  of  gingerbread  ;  for  if  ihe  carbonate  of  potash  is 
withheld  from  the  mixture,  the  bread,  when  baked,  resembles  in  hai-dness  a  piece  of 
wood. 

Treacle  is  always  acidulous.  Carbonate  of  magnesia  and  soda  may  be  used  as  sub- 
stitutes for  the  potashes.  Dr.  Colquhoun  has  found  thai  carbonate  of  magnesia  and 
tartaric  acid  may  replace  the  potashes  and  the  alum  with  great  advantage,  aflTording  a 
gingerbread  fully  more  agreeable  to  the  taste,  and  much  more  wholesome  than  the 
common  kind,  which  contains  a  notable  quantity  of  potashes.  His  proportions  are  one 
pound  of  flour,  a  quarter  of  an  ounce  of  carbonate  of  magnesia,  and  one  eighth  of  an 
ounce  of  tartaric  acid;  in  addition  to  the  treacle,  butter,  and  aromatics,  as  at  present 
used.  The  acid  and  alkaline  earth  must  be  well  diflfused  through  the  whole  dough. 
The  magnesia  should,  in  fact,  be  first  of  all  mixed  with  the  flour.  Pour  the  melted 
butler,  the  treacle,  and  the  acid  dissolved  in  a  little  water  all  at  once  among  the  flour, 
and  knead  into  a  consistent  dough,  which  being  set  aside  for  half  an  hour  or  an  hour  will 
be  ready  for  the  oven,  and  should  never  be  kept  unbaked  more  than  2  or  3  hours.  The 
following  more  complete  recipe  is  given  by  Dr.  Colquhoun,  for  making  thin  ginger- 
bread cakes : — 

Flour  1  lb. 

Treacle  0^ 

Raw  sugar  0| 
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Butter  2  oz.  . 

Carbon,  magnesia  Of 
^  Tartaric  acid  0| 

^  Ginger  0^ 

Cinnamon  0| 

Nutmeg  1 

This  compound  has  rather  more  butter  than  common  thin  gingerbread. 
I  shall  here  insert  a  passage  from  my  Dictionary  of  Chemistry,  as  published  in  1821 ; 
as  it  may  prove  interesting  to  many  of  my  present  readers. 

"  Under  Process  of  Baking,  in  the  Supplement  to  the  Encyclopedia  Britannica,  we 
have  the  following  statement : — '  An  ounce  of  alum  is  then  dissolved  over  the  fire  in  a 
tin  pot,  and  the  solution  poured  into  a  large  tub,  called  by  the  bakers  the  seasoning- 
tub.  Four  pounds  and  a  half  of  salt  are  likewise  put  into  the  tub,  and  a  pailful  of  hot 
■water.' — Foot  note  on  this  passage. — '  In  London,  where  the  goodness  of  bread  is  esti- 
mated entirely  by  its  whiteness,  it  is  usual  with  those  bakers  who  employ  flour  of  an  in- 
ferior quality,  to  add  as  much  alum  as  common  salt  to  the  dough  ;  or,  in  otlitr  words, 
the  quantity  of  salt  added  is  diminished  one  half,  and  the  deficiency  supplied  by  an  equal 
weight  of  alum.  This  improves  the  look  of  the  bread  very  much,  rendering  it  much 
whiter  and  firmer.'  " 

In  a  passage  which  we  shall  presently  quote,  our  author  represents  the  bakers  of 
London  in  a  conspiracy  to  supply  the  citizens  with  bad  bread.  We  may  hence  infer 
that  the  full  allowance  he  assigns  of  2|  pounds  of  alum  for  every  2f  pounds  of  salt,  will 
be  adopted  in  converting  the  sack  of  flour  into  loaves.  But  as  a  sack  of  flour  weighs  280 
pounds,  and  furnishes  on  an  average  80  quartern  loaves,  we  have  2f  pounds  divided  by 
80,  or  ■'"''^°  ""'"^   :=  197   grains,  for  the  quantity  present,  by  this  writer,  in  a  London 

quartern  loaf.  Yet  in  the  very  same  page  (39th  of  vol.  ii.)  we  have  the  following 
pas^age  :  "  Alum  is  not  added  by  all  bakers.  The  writer  of  this  article  has  been  assured 
by  several  bakers  of  respectability,  both  in  Edinburgh  and  Glasgow,  on  whose  testimony 
he  relies,  and  who  made  excellent  bread,  that  they  never  employed  any  alum.  The  rea- 
son for  adding  it  given  by  the  London  bakers  is,  that  it  renders  the  bread  whiter,  and  en- 
ables them  to  separate  readily  the  loaves  from  each  other.  This  addition  has  been  alleged 
by  medical  men,  and  is  considered  by  the  community  at  large,  as  injurious  to  the  health, 
by  occasioning  constipation.  But  if  we  consider  the  small  quantity  of  this  snlt  added  by 
the  baker,  not  quite  5^  grains  to  a  quartern  loaf,  we  will  not  readily  admit  these  allega- 
tions. Suppose  an  individual  to  eat  the  seventh  part  of  a  quartern  loaf  a  day,  he  would 
only  swallow  eight  tenths  of  a  grain  of  alum,  or,  in  reality,  not  quite  so  much  as  half  a 
grain;  for  one  half  of  this  salt  consists  of  water.  It  seems  absurd  to  suppose  that  half  a 
grain  of  alum,  swallowed  at  difl^erent  times  during  the  course  of  a  day,  should  occasion 
constipation."  Is  it  not  more  absurd  to  state  2j  pounds  or  36  ounces,  as  the  alum  adul- 
teration of  a  sack  of  flour  by  the  London  bakers,  and  within  a  few  periods  to  reduce  the 
adulteration  to  one  ounce  ? 

That  this  voluntary  abstraction  of  3^  of  the  alum,  and  substitution  of  superior  and 
more  expensive  flour,  is  not  expected  by  him  from  the  London  bakers,  is  sufficiently  evi- 
dent from  the  following  story.  It  would  appear  that  one  of  his  friends  had  invented  a 
new  yeast  for  fermenting  dough,  by  mixing  a  quart  of  beer  barm  with  a  paste  made  of 
ten  pounds  of  flour  and  two  gallons  of  boiling  water,  and  keeping  this  mixture  warm  for 
six  or  eight  hours. 

"Yeast  made  in  this  way,"  says  he,  "answers  the  purposes  of  the  baker  much  better 
than  brewers'  yeast,  because  it  is  clearer,  and  free  from  the  hop  mixture  which  sometimes 
injures  the  yeast  of  the  brewer.  Some  years  ago  the  bakers  of  London,  sensible  of  the 
superiority  of  this  artificial  yeast,  invited  a  company  of  manufacturers  from  Glasgow 
to  establish  a  manufactory  of  it  in  London,  and  promised  to  use  no  other.  About 
5,000/.  accordingly  was  laid  out  on  buildings  and  materials,  and  the  manufactory  was 
begun  on  a  considerable  scale.  The  ale-brewers,  finding  their  yeast,  for  which  they  had 
drawn  a  good  price,  lie  heavy  on  their  hands,  invited  all  the  journeymen  bakers  to  their 
cellars,  gave  them  their  full  of  ale,  and  promised  to  regale  them  in  that  manner  every 
day,  provided  they  would  force  their  masters  to  take  all  their  yeast  from  the  ale-brewers. 
The  journeymen  accordingly  declared,  in  a  body,  that  they  would  work  no  more  for  their 
masters  unless  they  gave  up  taking  any  more  yeast  from  the  manufactory.  The  masters 
were  obliged  to  comply ;  the  new  manufactory  was  stopped,  and  the  inhabitants  of  Lon- 
don were  obliged  to  continue  to  eat  worse  bread,  because  it  was  the  interest  of  the  ale- 
brewers  to  sell  the  yeast.  Such  is  the  influence  of  journeymen  bakers  in  the  metropolis 
of  England  !" 

This  doleful  diatribe  seems  rather  extravagant;  for  surely  beer  yeast  can  derive 
nothing  noxious  to  a  porter  drinking  people,  firom  a  slight  impregnation  of  hops  ;  while 
it  must  form  probably  a  more  energetic  ferment  than  the  fermented  paste  of  the  new 
company,  which  at  any  rate  could  be  prepared  in  six  or  eight  hours  by  any  baker  v/ho 
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found  it  to  answer  his  purpose  of  making  a  pleasant  eating  bread.  But  it  is  a  very  serious 
thins;  for  a  lady  or  gentleman  of  sedentary  habits,  or  infirm  constitution,  to  have  their  di- 
gestive process  daily  vitiated  by  damaged  flour,  whitened  with  197  grains  of  alum  per 
quartern  loaf.  Acidity  of  stomach,  indigestion,  flatulence,  headaches,  palpitation,  costive- 
ness,  and  urinary  calculi  may  be  the  probable  consequences  of  the  habitual  introduction 
of  so  much  acidulous  and  acescent  matter. 

J  have  made  many  experiments  upon  bread,  and  have  found  the  proportion  of  alum  very 
73  '\.'  Its  quantity  seems  to  be  proportional  to  the  badness  of  the  flour;  and  hence 
wL*l*ftie  best  flour  is  used  no  alum  need  be  introduced.  That  alum  is  not  necessary  for 
giving  bread  its  utmost  beauty,  sponginess,  and  agreeableness  of  taste,  is  undoubted  ;  since 
the  ■''>.  id  baked  at  a  very  extensive  establishment  in  Glasgow,  in  which  about  20  tons  of 
ilout  vvoH"e  regularly  converted  fnto  loaves  in  the  course  of  a  week,  united  every  quality 
o;  'p  earance  with  an  absolute  freedom  from  that  acido-astringenl  drug.  Six  pounds  of 
salt  were  used  for  every  sack  of  flour ;  which,  from  its  good  quality,  generally  afforded 
83  or  84  quartern  loaves  of  the  legal  weight  of  four  pounds  five  ounces  and  a  half  each. 
The  loaves  lost  nine  ounces  in  the  oven. 

Every  baker  ought  to  be  able  to  analyze  his  flour.  He  may  proceed  as  follows  : — A  duc- 
tile paste  is  to  be  made  with  a  pound  of  the  flour  and  a  sufficient  quantity  of  water,  and 
left  at  rest  for  an  hour ;  then  having  tied  across  a  bowl  a  piece  of  silken  sieve-stuff",  a 
little  below  the  surface  of  the  water  in  the  bowl,  the  paste  is  to  be  laid  upon  the  sieve  on 
a  level  with  the  water,  and  kneaded  tenderly  with  the  hand,  so  as  merely  to  wash  the 
starchy  particles  out  of  it.  This  portion  of  the  ffour  gets  immediately  diffused  through 
the  water,  some  of  the  other  constituents  dissolve,  and  the  gluten  alone  remains  upon  the 
filter.  The  water  must  be  several  times  renewed  till  it  ceases  to  become  milky.  The 
last  washings  of  the  gluten  are  made  oiit  of  the  sieve. 

The  whole  of  the  turbid  washings  are  to  be  put  into  a  tall  conical  glass  or  stoneware 
vessel,  and  allowed  to  remain  at  rest,  in  a  cool  place,  till  they  deposite  the  starch.  The 
clear  supernatant  liquor  is  then  decanted  off.  The  deposite  consists  of  starch,  with  a 
little  gluten.  It  must  be  washed  till  the  water  settles  over  it  quite  clear,  and  then  it  is 
to  be  dried. 

The  filtered  waters  being  evaporated  at  a  boiling  heat,  discover  flocks  floating  through 
them,  which  have  been  supposed  by  some  to  be  albumen,  and  by  others  gluten.  At  last, 
phosphate  of  lime  precipitates.  When  the  residuum  has  assumed  a  sirupy  consistence  in 
the  cold,  it  is  to  be  mixed  with  alcohol,  in  order  to  dissolve  out  its  sugar.  Cold  water 
being  added  to  what  remains,  effects  a  solution  of  the  mucilage,  and  leaves  the  insoluble 
azotized  matter  with  the  phosphate  of  lime. 

By  this  mode  of  analysis  a  minute  portion  of  resin  may  remain  in  the  gluten  and  in  the 
washing  water ;  the  gluten  retains  also  a  small  proportion  of  a  fixed  oil,  and  a  volatile 
principle,  which  may  be  removed  by  alcohol.  If  we  wish  to  procure  the  resin  alone,  we 
must  first  of  all  treat  the  flour,  well  dried,  with  alcohol. 

When  corn  flour,  poor  in  gluten,  is  to  be  analyzed,  the  dough  must  be  enclosed  in  a 
linen  bag,  kneaded  with  water,  and  washed  in  that  stale. 

In  analyzing  barley-meal  by  the  above  process,  hordeine,  mixed  with  common  starch,  is 
obtained  :  they  may  be  separated  by  boiling  water,  which  dissolves  the  starch,  and  leaves 
the  hordeine  under  the  aspect  of  saw-dust. 

Fig.  170  is  the  plan  of  a  London  baker's  oven,  fired  with  coal  fuel. 

Fig.  171  is  the  longitudinal  section. 


^T^T^-  i     i     i     i     i     i     i— i — i— t 


a,  the  body  of  the  oven;  b,  the  door;  c,  the  fire-grate  and  furnace;  d,  the  smoke 
flue ;  e,  the  fiue  above  the  door,  to  carry  off  the  steam  and  hot  air,  when  taking  out  the 
bread ;  /,  recess  below  the  door,  for  receiving  the  dust ;  g,  damper  plate  to  shut  off  the 
Bteam  flue ;  h,  damper  plate  to  shut  off  smoke  flue,  after  the  oven  has  come  to  its  proper 
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heat ;  i,  a  small  iron  pan  over  the  fire-place  c 
for  heating  water;  fe,  ash-pit  below  the  fur 
nace. 

Fig.  172  is  the  front  view ;  the  same  letters  re- 
fer to  the  same  objects  in  all  the  figures. 

The  flame  and  burnt  air  of  the  fire  at  c,  sweep 
along  the  bottom  of  the  oven  by  the  right  hand 
side,  are  reflected  from  the  back  to  the  left  hand 
side,  and  thence  escape  by  the  flue  d ;  (see  plan 
fig.  171.)  Whenever  the  oven  has  acquired  the 
proper  degree  of  heat,  the  fire  is  withdrawn,  the 
flues  are  closed  by  the  damper  plates,  and  the  lumps 
of  fermented  dough  are  introduced. 
BRECCIA,  an  Italian  term,  used  by  mineralogists  and  architects  to  designate  such 
compound  stony  masses,  natural  or  artificial,  as  consist  of  hard  rocky  fragments  of  con- 
siderable size,  united  by  a  common  cement.  When  these  masses  are  formed  of  small 
rounded  pebbles,  the  conglomerate  is  called  a  pudding-stone,  from  a  fancied  resemblance 
to  plum  pudding. 

Concrete,  now  so  much  used  for  the  foundations  of  large  buildings,  is  a  factitious  brec- 
cia, or  pudding-stone.  See  Concrete. 
BREWING.  {Brasser,  Fr. ;  Brauen,  Germ.)  The  art  of  making  beer,  which  see. 
BRICK.  (Brique,  Fr. ;  Backsteine,  ziegehteine,  Germ.)  A  solid,  commonly  rectan- 
gular, composed  of  clay,  hardened  by  heat,  and  intended  for  building  purposes.  The 
natural  mixture  of  clay  and  sand,  called  loam,  as  well  as  marl,  which  consists  of  lime 
and  clay,  with  little  or  no  sand,  constitutes  also  a  good  material  for  making  bricks. 
The  poorer  the  marl  is  in  lime,  the  worse  adapted  it  is  for  agricultural  purposes,  and 
the  better  for  the  brick  manufacturer,  being  less  liable  to  fuse  in  his  kiln.  When  a 
natural  compound  of  silica  and  clay  can  be  got  nearly  free  from  lime  and  magnesia,  it 
forms  a  kind  of  bricks  very  refractory  in  the  furnace,  hence  termed  fire-bricks.  Such  a 
material  is  the  slate-clay,  schieferthon,  of  our  coal  measures,  found  abundantly,  and  of 
excellent  quality,  at  Stourbridge,  and  in  the  neighborhood  of  Newcastle  and  Glasgow. 
The  Londcin  brickmakers  add  to  the  clay  about  one  third  of  coal  ashes  obtained  from 
the  kitchen  dust-holes;  so  that  when  the  bricks  are  put  into  the  kiln,  the  quantity  of 
coaly  matter  attached  to  their  surface  serves  to  economize  fuel,  and  makes  them  less 
apt  to  slirink  in  the  fire;  though  they  are  less  compact,  and  probably  less  durable,  than 
the  bricks  made  in  the  coal  districts  of  England. 

The  general  process  of  brick-making  consists  in  digging  up  the  clay  in  autumn ; 
exposing  it,  during  the  whole  winter,  to  the  frost,  and  the  action  of  the  air,  turning  it 
repeatedly,  and  working  it  with  the  spade ;  breaking  down  the  clay  lumps  in  spring, 
throwing  them  into  shallow  pits,  to  be  watered  and  soaked  for  several  days.  The  next 
step  is  to  temper  the  clay,  which  is  generally  done  by  the  treading  of  men  or  oxen. 
In  the  neighborhood  of  London,  however,  this  process  is  performed  in  a  horse-mill. 
The  kneading  of  the  clay  is,  iri  fact,  the  most  laborious  but  indispensable  part  of  the 
whole  business;  and  that  on  which,  in  a  great  measure,  the  quality  of  the  bricks 
depends.  All  the  stones,  particularly  the  ferruginous,  calcareous,  and  pyritous  kinds, 
should  be  removed,  and  the  clay  worked  into  a  homogeneous  paste,  with  as  little  water 
as  possible. 

The  earth,  being  sufficiently  kneaded,  is  brought  to  the  bench  of  the  moulder,  who 
works  the  clay  into  a  mould  made  of  wood  or  iron,  and  strikes  oft"  the  superfluous 
matter.  The  bricks  are  next  delivered  from  the  mould,  and  ranged  on  the  ground; 
and  when  they  have  acquired  sufficient  firmness  to  bear  handling,  they  are  dressed  with 
a  knife,  and  stacked  or  built  up  in  long  dwarf  walls,  thatched  over,  and  left  to  dry.  An 
able  workman  will  make,  by  hand,  5,000  bricks  in  a  day. 

The  different  kinds  of  bricks  made  in  England  arc  principally  place  h-icks,  gray  and 
red  stock's,  marl  facing  bricks,  and  cutting  bricks.  The  place  bricks  and  stocks  are  used  in 
common  walling.  The  marls  are  made  in  the  neighborhood  of  London,  and  used  in  the 
outside  of  buildings ;  they  are  very  beautiful  bricks,  of  a  fine  yellow  color,  hard,  and 
well  burnt,  and,  in  every  respect,  superior  to  the  stocks.  The  finest  kind  of  marl  and 
red  bricks,  called  cutting  bricks,  are  used  in  the  arches  over  windows  and  doors,  being 
rubbed  to  a  centre,  and  gauged  to  a  height. 

In  France  attempts  were  long  ago  made  to  substitute  animals  and  machines  for  the 
treading  of  men's  feet  in  the  clay-kneading-pit ;  but  it  was  found  that  their  schemes 
could  not  replace,  with  advantage,  human  labor,  where  it  is  so  cheap,  particularly  for 
separating  the  stones  and  heterogeneous  matters  from  the  loam.  The  more  it  is  worked, 
the  denser,  more  uniform,  and  more  durable,  the  bricks  which  are  made  of  it.  A  good 
French  workman,  in  a  day's  labor  of  12  or  13  hours,  it  has  been  said,  is  able  to  mould 
from  9,000  to  10,000  bricks,  9  inches  long,  4|  inches  broad,  and  2j  thick;  but  he  must 
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have  good  assistants  under  him.  In  many  brickworks  near  Paris,  screw-presses  are 
now  used  for  consolidating  the  bricks  and  paving  tiles  in  their  moulds.  M.  Mollerat 
employed  the  hydraulic  press  for  the  purpose  of  condensing  pulverized  clay,  which, 
after  baking,  formed  beautiful  bricks;  but  the  process  was  too  tedious  and  costly.  An 
ingenious  contrivance  for  moulding  bricks  mechanically,  is  said  to  be  employed  near 
Washington,  in  America.  This  machine  moulds  30,000  in  a  day's  work  of  12  hours, 
with  the  help  of  one  horse,  yoked  to  a  sin  wheel,  and  the  bricks  are  so  dry  when 
discharged  from  their  moulds,  as  to  be  ready  for  immediate  burning.  The  machine  is 
described,  with  fi2;ures,  in  the  Bulletin  de  la  Societe  d' Encouragement  for  1819,  p.  361. 
See  further  on,  an  account  of  our  recent  patents. 

Bricks,  ia  this  country,  are  generally  baked  either  in  a  clamp  or  in  a  kUn.  The 
latter  is  the  preferable  method,  as  less  waste  arises,  less  fuel  is  consumed,  and  the  bricks 
are  sooner  burnt.  The  kiln  is  usually  13  feet  long,  by  lOj  feet  wide,  and  about  12  feet 
in  height.  The  walls  are  one  foot  two  inches  thick,  carried  up  a  liltle  out  of  the 
perpendicular,  inclining  towards  each  other  at  the  top.  The  bricks  are  placed  on  flat 
arches,  having  holes  left  in  them  resembling  lattice-work ;  the  kiln  is  then  covered 
with  pieces  of  tiles  and  bricks,  and  some  wood  put  in,  to  dry  them  with  a  gentle  fire. 
This  continues  two  or  three  days  before  they  are  ready  for  burning,  which  is  known  by 
the  smoke  turning  from  a  darkish  color  to  transparent.  The  mouth  or  mouths  of  the 
kiln  are  now  dammed  up  with  a  shinlog,  which  consists  of  pieces  of  bricks  piled  one 
upon  another,  and  closed  with  wet  brick  earth,  leaving  above  it  just  room  sutlicient  to 
receive  a  fagot.  The  fagots  are  made  of  furze,  heath,  brake,  fern,  &c.,  and  the  kiln 
is  supplied  with  these  until  its  arches  look  white,  and  the  fire  appears  at  the  top  ;  upon 
which  the  tire  is  slackened  for  an  hour,  and  the  kiln  allowed  gradually  to  cool.  This 
heating  and  cooling  is  repeated  until  the  bricks  be  thoroughly  burnt,  which  is  generally 
done  in  48  hours.     One  of  these  kilns  will  hold  about  20,000  bricks. 

Clamps  are  also  in  common  use.  They  are  made  of  the  bricks  themselves,  and 
generally  of  an  oblong  form.  The  foundation  is  laid  with  place  brick,  or  the  driest  of 
those  just  made,  and  then  the  bricks  to  be  burnt  are  built  up,  tier  upon  tier,  as  high  as 
the  clamp  is  meant  to  be,  with  two  or  three  inches  of  breeze  or  cinders  strewed  between 
each  layer  of  bricks,  and  the  whole  covered  with  a  thick  stratum  of  breeze.  The  fire- 
place is  perpendicular,  about  three  feet  high,  and  generally  placed  at  the  west  end;  and 
the  flues  are  formed  by  gathering  or  arching  ihe  bricks  over,  so  as  to  leave  a  space 
between  each  of  nearly  a  brick  wide.  The  flues  run  straight  through  the  clamp,  and 
are  filled  with  wood,  coals,  and  breeze,  pressed  closely  together.  If  the  bricks  are  to 
be  burnt  oft" quickly,  which  may  be  done  in  20  or  30  days,  according  as  the  weather 
may  suit,  the  flues  should  be  only  at  about  six  feet  distance ;  but  if  there  be  no 
immediate  hurry,  ihey  may  be  placed  nine  feet  asunder,  and  the  clamp  left  to  burn 
off  slowly. 

Floating  bricl;s  are  a  very  ancient  invention  :  they  are  so  lisht  as  to  swim  in  water; 
and  Pliny  tells  us,  that  they  were  made  at  Marseilles;  at  Colento,  in  Spain;  and  at 
Pittane,  in  Asia.  This  invention,  however,  was  completely  lost,  until  M.  Fabbroni 
published  a  discovery  of  a  method  to  imitate  the  floating  bricks  of  the  ancients. 
Accordjag  to  Posidonius,  these  bricks  are  made  of  a  kind  of  argillaceous  earth,  which 
was  employed  to  clean  silver  plate.  But  as  it  could  not  be  our  tripoli,  which  is  too 
heavy  to  float  in  v/ater,  M.  Fabbroni  tried  several  experiments  with  mineral  argaric, 
gulu,  lac-lunse,  and  fossil  meal,  which  last  was  found  to  be  the  very  substance  of  which 
he  was  in  search.  This  earth  is  abundant  in  Tuscany,  and  is  found  near  Casteldelpiano, 
in  the  territories  of  Sienna.  According  to  the  analysis  of  M.  Fabbroni,  it  consists  of 
55  parts  of  silicious  earth,  15  of  magnesia,  14  of  water,  12  of  alumina,  3  of  lime,  and  1  of 
iron.  It  exhales  an  argillaceous  odor,  and,  when  sprinkled  with  water,  throws  out  a 
light  whitish  smoke.  It  is  infusible  in  the  fire;  and,  though  it  loses  about  an  eighth 
part  of  its  weight,  iis  bulk  is  scarcely  diminished.  Bricks  composed  of  this  substance, 
either  baked  or  unbaked,  float  in  water;  and  a  twentieth  part  of  clay  may  be  added  to 
their  composition  without  taking  away  their  property  of  swimming.  These  bricks 
resist  water,  unite  perfectly  with  lime,  are  subject  to  no  alteration  from  heat  or  cold, 
and  the  baked  differ  from  the  unbaked  only  in  the  sonorous  quality  which  they  have 
acquired  from  the  fire.  Their  strength  is  little  inferior  to  that  of  common  bricks,  but 
much  greater  in  proportion  to  their  weight ;  for  M.  Fabbroni  found,  that  a  floating 
brick,  measuring  7  inches  in  length,  4|  in  breadth,  and  one  inch  eight  lines  in  thick- 
ness, weighed  only  Hf  ounces;  whereas  a  common  brick  weighed  5  pounds  6f  ounces. 
The  use  of  these  bricks  may  be  very  important  in  the  constraction  of  powder  magazines 
and  reverberatory  furnaces,  as  they  are  such  bad  conductors  of  heat,  that  one  end  may 
be  made  red  hot  while  the  other  is  held  in  the  hand.  They  may  also  be  employed  for 
buildings  that  require  to  be  light;  such  as  cookina;-places  in  ships,  and  floating  batteries, 
the  parapets  of  which  would  be  proof  against  red-hot  bullets. 

The  following  plan  of  a  furnace  or  kiln  for  burning  tiles  has  been  found  very  con- 
venient : — 
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Fig.  173,  front  view,  a  a,  b  b,  the  solid  walls  of  the  furnace  ;  a  a  a,  openings  to  the 
ash-pit,  and  the  draught  hole  ;  b  b  b,  openings  for  the  supply  of  fuel,  furnished  with  a 
sheet-iron  door.     Fig.   174.  Plan  of  the  a'^h-pils  and  air  channels  c  c  c.     The  principal 
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branch  of  the  ash-pit  d  d  d,  is  also  the  opening  for  taking  out  the  tiles,  after  removing 
the  grate  ;  e  the  smoke  flue.  Fig.  175.  Plan  of  the  kiln  seen  from  above.  The  grates 
H  H  H.  The  tiles  to  be  fired  are  arranged  upon  the  spaces  ////. 
Fig.  176  is  the  plan  and  section  of  one  of  the  grates  upon  a  mucl 
in  the  preceding  figures. 


upon  a  much  larger  scale  thai 


Mechanical  brick  moulding. — Messrs.  Lyne  and  Stainford  ob» 
tained,  in  August,  1825,  a  patent  for  a  machine  for  making  o 
considerable  number  of  bricks  at  one  operation.  It  consists,  in 
the  first  place,  of  a  cylindrical  pug-mill  of  the  kind  usually  em- 
ployed for  comminuting  clay  for  bricks  and  tiles,  furnished  with 
rotatory  knives,  or  cutters,  for  breaking  the  lumps  and  mixing 
the  clay  with  the  other  materials  of  which  bricks  arc  commonly 
made.  Secondly,  of  two  moveable  moulds,  in  each  of  which 
fifteen  bricks  are  made  at  once ;  these  moulds  being  made  to 
tiavel  to  and  fro  in  the  machine  for  the  purpose  of  being  alter- 
nately brought  under  the  pug-mill  to  be  fitted  with  the  clay, 
and  then  removed  to  situations  where  plungers  are  enabled  to 
act  upon  them.  Thirdly,  in  a  contrivance  by  which  the  plungers 
.Tre  made  to  descend,  for  the  purpose  of  compressing  the  mate- 
rial   and   discharging    it  from  the   mould  in   the  form   of  bricks. 

of  constructing  and  working  trucks  which  carry  the  receiving 


176 

Fourthly,  in  the  nvlli 
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Fig.  ni  exhibits  the  general  construction  of  the  apparatus;  both  ends  of  which  being 
exactly  similar,  little  more  than  half  of  the  machine  is  represented,  a  is  the  cj'liadrical 
pug-mill,  shown  partly  in  section,  which  is  supplied  with  the  clay  and  other  materials 
from  a  hopper  above ;  b  b,  are  the  rotatory  knives  or  cutters,  which  are  attached  to 
the  vertical  shaft,  and  being  placed  obliquely,  press  the  clay  down  toward  the  bottom  of 
the  cylinder,  in  the  act  of  breaking  and  mixing  it  as  the  shaft  revolves.  The  lower  part 
of  the  cylinder  is  open  ;  and  immediately  under  it  the  mould  is  placed  in  which  the  bricks 
are  to  be  formed.  These  moulds  run  to  and  fro  upon  ledges  in  the  side  frames  of  the 
machine ;  one  of  the  moulds  only  can  be  shown  by  dots  in  the  figure,  the  side  rail  inter- 
vening :  they  are  situated  at  c  c,  and  are  formed  of  bars  of  iron  crossing  each  other, 
and  encompassed  with  a  frame.  The  mould  resembles  an  ordinary  sash-window  in  its 
form,  being  divided  into  rectangular  compartments  (fifteen  are  proposed  in  each)  of  the 
dimensions  of  the  intended  bricks,  but  sufficiently  deep  to  allow  the  material,  after  being 
considerably  pressed  in  the  mould,  to  leave  it,  when  discharged,  of  the  usual  thickness  of 
a  common  brick. 

The  mould  being  open  at  top  and  bottom,  the  material  is  allowed  to  pass  into  it,  when 
situated  exactly  under  the  cylinder ;  and  the  lower  side  of  the  mould,  when  so  placed,  is  to 
be  closed  by  a  flat  board  d,  supported  by  the  truck  e,  which  is  raised  by  a  lever  and  roller 
beneath,  running  upon  a  plane  rail  with  inclined  ends. 

The  central  shaft  /,  is  kept  in  continual  rotatory  motion  by  the  revolution  of  the 
upper  horizontal  wheel  g,  of  which  it  is  the  axis ;  and  this  wheel  may  be  turned  by  a 
horse  yoked  to  a  radiating  arm,  or  by  any  other  means.  A  part  of  the  circumference 
of  the  wheel  g,  has  teeth  which  are  intended  at  certain  periods  of  its  revolution  to  take 
into  a  toothed  pinion,  fixed  upon  the  top  of  a  vertical  shaft  h  h.  At  the  lower  part  of 
this  vertical  shaft,  there  is  a  pulley  i,  over  which  a  chain  is  passed  that  is  connected  to 
the  two  moulds  c,  and  to  the  frame  in  which  the  trucks  are  supported ;  by  the  rotation 
of  the  vertical  shaft,  the  pulley  winds  a  chain,  and  draws  the  moulds  and  truck-frames 
along. 

The  clay  and  other  material  having  been  forced  down  from  the  cylinder  into  the  mould, 
the  teeth  of  the  horizontal  wheel  g  now  come  into  gear  with  the  pinion  upon  h,  and  turn 
it  and  the  shaft  and  pulley  i,  by  which  the  chain  is  wound,  and  the  mould  at  the  right 
hand  of  the  machine  brought  into  the  situation  shown  in  the  figure  ;  a  scraper  or  edge- 
bar  under  the  pug-mill  having  levelled  the  upper  face  of  the  clay  in  the  mould,  and  the 
board  d,  supported  by  the  truck  e,  formed  the  flat  under  side. 

The  mould  being  brought  into  this  position,  it  is  now  necessary  to  compress  the  mate- 
rials, which  is  done  by  the  descent  of  the  plungers  kk.  A  friction-roller  Z,  pendent  from 
the  under  side  of  the  horizontal  wheel  as  that  wheel  revolves,  comes  in  contact  with  an 
inclined  plane,  at  the  top  of  the  shaft  of  the  plunders ;  and,  as  the  friction-roller  passes 
over  this  inclined  plane,  the  plungers  are  made  to  descend  into  the  mould,  and  to  com- 
press the  material ;  the  resistance  of  the  board  beneath  causing  the  clay  to  be  squeezed 
into  a  compact  state.  When  this  has  been  effectually  accomplished,  the  further  descent 
of  the  plungers  brings  a  pin  m,  against  the  upper  end  of  a  quadrant  catch-lever  n,  and, 
by  depressing  this  quadrant,  causes  the  balance-lever  upon  which  the  truck  is  now  sup- 
ported to  rise  at  that  end,  and  to  allow  the  truck  with  the  board  d  to  descend,  as  shown 
by  dots  ;  the  plungers  at  the  same  time  forcing  out  the  bricks  from  the  moulds,  whereby 
they  are  deposited  upon  the  board  d ;  when,  by  drawing  the  truck  forward  out  of  the 
machine,  the  board  with  the  bricks  ihay  be  removed,  and  replaced  by  another  board.  The 
truck  may  then  be  again  introduced  into  the  machine,  ready  to  receive  the  next  parcel 
of  bricks. 

By  the  time  that  the  discharge  of  the  bricks  from  this  mould  has  been  effected,  the 
other  mould  under  the  pug-cylinder  has  become  filled  with  the  clay,  when  the  teeth  of 
the  horizontal  wheel  coming  round,  take  into  a  pinion  upon  the  top  of  a  vertical  shaft 
exactly  similar  to  that  at  h,  but  at  the  reverse  end  of  the  machine,  and  cause  the 
moulds  and  the  frame  supporting  the  trucks  to  be  slidden  to  the  left  end  of  the  machine ; 
the  upper  surface  of  the  mould  being  scraped  level  in  its  progress,  in  the  way  already 
described.  This  movement  brings  the  friction-wheel  o,  up  the  inclined  plane,  and 
thereby  raises  the  truck  with  the  board  to  the  under  side  of  the  mould,  ready  to  receiv* 
another  supply  of  clay ;  and  the  mould  at  the  left-hand  side  of  the  machine  being  now 
in  its  proper  situation  under  the  plungers,  the  clay  becomes  compressed,  and  the  bricks 
discharged  from  the  mould  in  the  way  described  in  the  former  instance ;  when  this  truck 
being  drawn  out,  the  bricks  are  removed  to  be  dried  and  baked,  and  another  board  is 
placed  in  the  same  situation.  There  are  boxes  p,  upon  each  side  of  the  pug-cylinder 
containing  sand,  at  the  lower  parts  of  which  small  sliders  are  to  be  opened  (by  con- 
trivances not  shown  in  the  figure),  as  the  mould  passes  under  them,  for  the  purpose  of 
scattering  sand  upon  the  clay  in  the  mould  to  prevent  its  adhering  to  the  plungers. 
There  is  also  a  rack  and  toothed  sector,  with  a  balance-weight  connected  to  the  inclined 
plane  at  tlie  top  of  the  plunger-rods,  for  the  purpose  of  raising  the  plunger  after  the 
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friction-roller  has  passed  over  it.  And  there  is  a  spring  acting  against  the  back  of  the 
quadrant-catch  for  the  purpose  of  throwing  it  into  its  former  situation,  after  the  pin  of 
the  plunger  has  risen. 

One  of  the  latest,  and  apparently  most  effective  machines  for  brick-making,  is  that 
patented  by  Mr.  Ed>ward  Jones,  of  Birmingham,  in  August,  1835.  His  improvements 
are  described  under  four  heads ;  the  first  applies  to  a  machine  for  moulding  the  earth 
into  bricks  in  a  circular  frame-plate  horizontally,  containing  a  series  of  moulds  or  rec- 
tangular boxes,  standing  radially  round  the  circumference  of  the  circular  frame,  into 
whi^ch  boxes  successively  the  clay  is  expressed  from  a  stationary  hopper  as  the  frame 
revolves,  and  after  being  so  formed,  the  bricks  are  successively  pushed  out  of  their  boxes, 
each  by  a  piston,  acted  upon  by  an  inclined  plane  below.  The  second  head  of  the  spe- 
cification describes  a  rectangular  horizontal  frame,  having  a  series  of  moulding  boxes 
placed  in  a  stiaight  range,  which  are  acted  upon  for  pressing  the  clay  by  a  corresponding 
ran^e  of  pistons  fixed  in  a  horizontal  frame,  worked  up  and  down  by  rods  extending 
from  a  rotatory  crank  shaft,  the  moulding  boxes  being  allowed  to  rise  for  the  purpose  of 
enabling  the  pistons  to  force  out  the  bricks  when  moulded,  and  leave  them  upon  the  bed 
or  board  below.  The  third  head  applies  particularly  to  the  making  of  tiles,  for  the 
flooring  of  kilns  in  which  mall  or  grain  is  to  be  dried.  There  is  in  this  contrivance  a 
rectansular  mould,  with  pointed  pieces  standing  up  for  the  purpose  of  producing  air- 
holes through  the  tiles  as  they  are  moulded,  which  is  done  by  pressing  the  clay  into  the 
moulds  upon  the  points,  and  scraping  ofl'  the  superfluous  matter  at  top  by  hand.  The 
fourth  or  last  head  applies  to  moulding  chimney  pots  in  double  moulds,  which  take 
to  pieces  for  the  purpose  of  withdrawing  the  pot  when  the  edges  of  the  slabs  or  sides  are 
sufficiently  brought  into  contact. 

"  The  drawing  which  accompanies  the  specification  very  imperfectly  represents  some 
parts  of  the  apparatus,  and  the  description  is  still  more  defective;  but  as  we  are  ac- 
quainted with  the  machinery,  we  will  endeavor  to  give  it  an  intelligible  form,  and  quote 
those  parts  of  the  specification  which  point  the  particular  features  of  novelty  proposed  to 
be  claimed  by  the  patentee  as  hisyinvention,  under  the  several  heads."  * 

Fig.  178  represents,  in  ele- 
vation, the  first-mentioned  ma- 
chine for  moulding  bricks.  The 
moulds  are  formed  in  the  face 
of  a  circular  plate  or  wheel, 
a  a,  a  portion  of  the  upper  sur- 
face of  which  is  represented  in 
the  horizontal  view,  fig.  179. 
Any  convenient  number  of  these 
moulds  are  set  radially  in  the 
wheel,  which  is  mounted  upon 
a  central  pivot,  supported  by 
the  masonry  b  b.  There  is  a 
rim  of  teeth  round  the  outer 
edge  of  the  wheel  a  a,  which 
take  into  a  pinion  c,  on  a  shaft 
connected  to  the  first  mover ; 
and  by  these  means  the  wheel 
a,  with  the  moulding  boxes,  is 
made  to  revolve  horizontally, 
guided  by  arms  with  anti- friction 
rollers,  which  run  round  a  hori- 
zontal plate  a  a,  fixed  upon  the 
masonry. 

A  hopper,  e,  filled  with  the 
brick  earth  shown  with  one  of  the 
moulding  boxes  in  section,  is  fixed 
above  the  face  of  the  wheel  in  such  a  way  that  the  earth  may  descend  from  the  hopper 
into  the  several  moulding  boxes  as  the  wheel  passes  round  under  it ;  the  earth  bemg 
pressed  into  the  moulds,  and  its  surface  scraped  off  smooth  by  a  conical  roller/,  m  the 
bottom  of  the  hopper. 

Through  the  bottom  of  each  moulding  box  there  is  a  hole  for  the  passage  of  a  piston 
rod  g,  the  upper  end  of  which  rod  carries  a  piston  with  a  wooden  pallet  upon  it,  acting 
within  the  moulding  box ;  and  the  lower  end  of  this  rod  has  a  small  anti-fnction  roller, 
which,  as  the  wheel  a  revolves,  runs  round  upon  the  face  of  an  oblique  rmg  or  inclined 
way,  h  h,  fixed  upon  the  masonrv. 

The  clay  is  introduced  into  the  moulding  boxes  from  the  hopper,  fixed  over  the  lowest 
*  Mr.  Newton,  in  his  London  Journal,  February,  1837. 
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part  of  the  inclined  way  h,  and  it  will  be  perceived  that  as 'the  wheel  revolves,  the  piston 
rods  g,  in  passing  up  the  inclined  way,  will  cause  the  pistons  to  force  the  new-moulded 
bricks,  with  their  pallet  or  board  under  them,  severally  up  the  mould,  into  the  situation 
shown  at  i,  in  Jig.  178,  from  whence  they  are  to  be  removed  by  hand.  Fresh  pallets 
being  then  placed  upon  the  several  pistons,  they,  wiih  the  moulds,  will  be  ready  for 
moulding  fresh  bricks,  when,  by  the  rotation  of  the  wheel  a,  they  are  severally  brought 
under  the  hopper,  the  pistons  having  sunk  to  the  bottoms  of  their  boxes,  as  the  piston 
rods  passed  down  the  other  side  of  the  inclined  way  h. 

The  patentee  says,  after  having  described  the  first  head  of  his  invention,  he  would 
have  it  understood  that  the  same  may  be  varied  without  departing  from  the  main  object 
of  the  invention  ;  viz.,  that  of  arranging  a  series  of  moulds  when  worked  by  means  of  an 
inclined  track,  and  in  such  manner  that  bricks,  tiles,  or  other  articles  made  of  brick 
earth,  may  be  capable  of  being  formed  in  a  mould  with  pallets  or  boards  laid  within 
the  moulds,  and  constituting  the  bottom  thereof,  the  bricks  being  removed  from  out  of 
the  moulds,  with  the  pallets  or  boards  under  them,  as  above  described.  "I  do  not,  there- 
fore, confine  myself  to  the  precise  arrangement  of  the  machine  here  shown,  though  it  is 
the  best  with  wliich  I  am  acquainted  for  the  purpose." 

The  second  head  of  the  invention  is  another  construction  of  apparatus  for  moulding 
bricks,  in  this  instance,  in  a  rectangular  frame.  Fig.  180  is  a  front  elevation  of  the  ma- 
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chine  ;  fig.  iSl,  a  section  of  the  same  taken  transversely,  a  a  is  the  standard  frame-work 
and  bed  on  which  the  bricks  are  to  be  moulded.  Near  the  corners  of  this  standard 
frame-work,  four  vertical  pillars  b  b  are  erected,  upon  which  pillars  the  frame  of  the 
moulding  boxes  c,  slides  up  and  down,  and  also  the  bar  d.  carrying  the  rods  of  the  pis- 
tfenseee.  These  pistons  are  for  the  purpose  of  compressing  the  clay  in  the  moulding 
box,  and  therefore  must  stand  exactly  over  and  correspond  with  the  respective  moulds 
in  the  frame  c  beneath. 

The  sliding  frame  c,  constituting  the  sides  and  ends  of  the  moulding  boxes,  is  sup- 
ported at  each  end  by  an  upright  sliding  rod  /,  which  rods  pass  through  guides  fixed  to 
the  sides  of  the  standard  frame  a  a,  and  at  the  lower  end  of  each  there  is  a  roller,  bearing 
upon  the  levers  g,  on  each  side  of  the  machine,  but  seen  only  in  Jig.  181,  which  levers, 
when  depressed,  allow  the  moulding  boxes  to  descend,  and  rest  upon  the  bed  or  table  of 
the  machine  h  h. 

In  this  position  of  the  machine  resting  upon  the  bed  or  table,  the  brick-earth  is  to  be 
placed  upon,  and  spread  over,  the  top  of  the  frame  c,  by  the  hands  of  workmen,  when 
the  descent  of  the  plunger  or  pistons  e  c  e,  will  cause  the  earth  to  be  forced  into  the 
moulds,  and  the  bricks  to  be  formed  therein.  To  effect  this,  rotatory  power  is  to  be 
applied  to  the  toothed  wheel  i,  fixed  on  the  end  of  the  main  driving  crank  shaft  fc  fe, 
which  on  revolving  will,  by  means  of  the  crank  rods  / 1,  bring  down  the  bar  a,  with  the 
pistons  or  plungers  eee,  and  compress  the  earth  compactly  into  the  moulds,  and  thereby 
form  the  bricks. 

When  this  has  been  done,  the  bricks  are  to  be  released  from  the  moulds  by  the 
moulding  frame  c  rising  up  from  the  bed,  as  shown  in  fig.  180,  the  pistons  still  remain- 
ing depressed,  and  bearing  upon  the  upper  surfaces  of  the  bricks.  The  moulding  frame  is 
raised  by  means  of  cams  m,  upon  the  crank  shaft,  which  at  this  part  of  the  operation 
are  brought  under  the  levers  g,  for  the  purpose  of  raising  the  cams  and  the  sliding  rods 
/,  into  the  position  shown  in  fig.  181. 

The  bricks  having  been  thus  formed  and  released  from  their  moulds,  they  are  to  be 
removed  from  the  bed  of  the  machine  by  pushing  forward,  on  the  front  side,  fresh  boards 
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or  paJlets,  which  of  course  will  drive  the  bricks  out  upon  the  other  side,  whence  they 
are  to  be  removed  by  hand. 

There  is  to  be  a  small  hole  in  the  centre  of  each  pallet,  and  also  in  the  bed,  for  the 
purpose  of  allowing  any  superfluous  earth  to  be  pressed  through  the  moulding  boxes 
when  the  pistons  descend.  And  in  order  to  cut  off  the  projecting  piece  of  clay  which 
would  be  thus  formed  on  the  bottom  of  the  brick,  a  knife-edge  is  in  some  way  connected 
to  the  bed  of  the  machine  ;  and  as  the  brick  slides  over  it,  the  knife  separates  the  pro- 
tuberant lump  :  but  the  particular  construction  of  this  part  of  the  apparatus  is  considered 
to  be  of  little  importance ;  and  the  manner  of  effecting  the  object  is  not  clearly  stated 
in  the  specification. 

The  patentee  proposes  a  variation  in  this  construction,  which  he  describes  in  these 
,0  words  :  "  It  will  be  evident  that  in  place  of  having  the  moulds  to  rise,  they  may,  by 
suitable  arrangements,  be  made  to  descend  below  the  bricks.  In  this  case,  in  place  of 
the  boards,  stationary  blocks  to  receive  the  pallets  must  be  fixed  on  the  bed  of  the 
machine,  and  these  blocks  must  be  shaped  in  such  a  manner  as  to  allow  of  the  moulds 
passing  over  them  ;  and  then  it  will  be  desirable  to  use  the  first  part  of  my  improve- 
ments, that  of  having  the  pallets  within  the  moulds  at  the  time  of  moulding  the  bricks; 
or  in  case  of  working  with  exceedingly  stiff  brick-earth,  the  pallets  may  be  dispensed 
with."  In  1835,  1,380,279,065  bricks  paid  duty  in  the  United  Kingdom;  the  revenue 
from  which  was  405,580/.  6s.  3d. 

BRIMSTONE.     {Soufre,  Fr. ;  Schwefel,  Germ.)     Sulphur,  which  see. 

BRITISH  GUM.  The  trivial  name  given  to  starch,  altered  by  a  slight  calcination  in 
an  oven,  whereby  it  assumes  the  appearance  and  acquires  the  properties  of  gum,  being 
soluble  in  cold  water,  and  forming  in  that  state  a  paste  well  adapted  to  thicken  the 
colors  of  the  calico  printer.     See  Starch. 

BROMINE,  one  of  the  archaeal  elements,  which  being  developed  from  its  combinations 
at  the  positive  pole  of  the  voltaic  circuit,  has  been  therefore  deemed  to  be  idio-electro- 
positive,  like  oxygen  and  chlorine.  It  derives  its  name  from  its  nauseous  smell,  Bp^jwi, 
f(Btor.  It  occurs  in  various  saline  springs  on  the  continent  of  Europe,  in  those  of  Ashby 
de  la  Zouche,  and  some  others  in  England  ;  in  the  lake  Asphallites,  in  sponges,  in  some 
marine  plants,  in  an  ore  of  zinc,  and  in  the  cadmium  of  Silesia.  At  ordinary  tempera- 
tures it  is  liquid,  of  a  dark  brown  color  in  mass,  but  of  a  hyacinth-red  in  thin  layers. 
Its  smell  is  rank  and  disagreeable,  somewhat  like  that  of  chlorine.  It  has  a  very  caustic 
taste.  Its  specific  gravity  is  2'966.  Applied  to  the  skin  it  colors  it  deep  yellow  and 
corrodes  it.  One  drop  put  within  the  bill  of  a  bird  suffices  to  kill  it.  .It  combines  with 
oxygen  with  feeble  affinity,  forming  bromic  acid.  Its  attraction  for  hydrogen  being  far 
more  energetic,  it  forms  therewith  a  strong  acid,  the  hydrobromic. 

Bromine  dissolves  very  sparingly  in  water,  but  it  is  very  soluble  in  alcohol  and  ether. 
It  combines  with  carbon,  phosphorus,  sulphur,  and  clilorine,  as  well  as  with  most  of  the 
metals.  From  its  scarcity  it  has  not  hitherto  been  applied  to  any  purpose  in  the  arts, 
but  it  is  supposed  to  possess  powerful  discutient  effects  upon  scrofulous  and  other 
glandular  tumors,  whence  the  waters  containing  it  are  prescribed  as  an  internal  and 
external  remedy  in  such  forms  of  disease. 

BRONZE.  A  compound  metal  consisting  of  copper  and  tin,  to  which  sometimes  a 
little  zinc  and  lead  are  added.  This  alloy  is  much  harder  than  copper,  and  was 
employed  by  the  ancients  to  make  swords,  hatchets,  &c.,  before  the  method  of  working 
iron  was  generally  understood.  The  art  of  casting  bronze  statues  may  be  traced  to  the 
most  remote  antiquity,  but  it  was  first  brought  to  a  certain  degree  of  refinement  by 
Theodoros  and  Roecus  of  Samos,  about  700  years  before  the  Christian  era,  to  whom  the 
invention  of  modelling  is  ascribed  by  Pliny.  The  ancients  were  well  aware  that  by 
alloying  copper  with  tin,  a  more  fusible  metal  was  obtained,  that  the  process  of  casting 
was  therefore  rendered  easier,  and  that  the  statue  was  harder  and  more  durable ;  and 
yet  they  frequently  made  them  of  copper  nearly  pure,  because  they  possessed  no  means 
of  determining  the  proportions  of  their  alloys,  and  because,  by  their  mode  of  managing 
the  fire,  the  copper  became  refined  in  the  course  of  melting,  as  has  happened  to  many 
founders  in  our  own  days.  It  was  during  the  reign  of  Alexander  that  bronze  statuary 
received  its  greatest  extension,  when  the  celebrated  artist  Lysippus  succeeded  by  new 
processes  of  moulding  and  melting  to  multiply  groups  of  statues  to  such  a  degree  that 
Pliny  called  them  the  mob  of  .Alexander.  Soon  afterwards  enormous  bronze  colossuses 
were  made,  to  the  height  of  towers,  of  which  the  isle  of  Rhodes  possessed  no  less  than  one 
hundred.  The  Roman  consul  Mutianus  found  3,000  bronze  statues  at  Athens,  3,000  at 
Rhodes,  as  many  at  Olympia  and  at  Delphi,  although  a  great  number  had  been  previously 
carried  off  from  the  last  town. 

In  forming  such  statues,  the  aUoy  should  be  capable  of  flowing  readily  into  all  the 
parts  of  the  mould,  however  minute  ;  it  should  be  hard,  in  order  to  resist  accidental 
blows,  be  proof  against  the  influence  of  the  weather,  and  be  of  such  a  nature  as  to 
acquire  that  greenish  oxydized  coat  upon  the  surface  whVth  is  so  much  admired  in  the 
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antique  bronzes,  called  patina  antiqiia.  The  chemical  composition  of  the  bronze  alloy- 
is  a  matter  therefore  of  the  first  moment.  The  brothers  KeUer,  celebrated  founders  in 
the  time  of  Louis  XIV.,  whose  chefs  d'auvre  are  weU  known,  directed  their  attention 
toward  this  point,  to  which  too  little  importance  is  attached  at  the  present  day.  The 
statue  of  Desaix  in  the  Place  Dauphine,  and  the  column  in  the  Place  Vendome,  are  noted 
specimens  of  most  defective  workmanship  from  mismanagement  of  the  alloys  of  which 
they  are  composed.  On  analyzing  separately  specimens  taken  from  the  bass-reliefs  of  the 
pedestal  of  this  column,  from  the  shaft,  and  from  the  capital,  it  was  found  that  the  first 
contained  only  six  per  cent,  of  alloy,  and  94  of  copper,  the  second  much  less,  and  the 
third  only  0-21.  It  was  therefore  obvious  that  the  founder,  unskilful  in  the  melting  of 
bronze,  had  gone  on  progressively  refining  his  alloy,  by  the  oxydizement  of  the  tin,  till  he 
had  exhausted  the  copper,  and  that  he  had  then  worked  up  the  refuse  scoriae  in  the  upper 
part  of  the  column.  T?he  cannons  which  the  government  fm-nished  him  for  casting  the 
monument  consisted  of — 

Copper  -  -  -    89-360 

Tin         -  -  -  10-040 

Lead  -  -  -       0-102 

Silver,  zinc,  iron,  and  loss  0-498 


100-000 
The  moulding  of  the  several  bass-reliefs  was  so  ill  executed,  that  the  chisellers  employed 
to  repair  the  faults  removed  no  less  than  70  tons  of  bronze,  which  was  given  them,  be- 
sides 300,000  francs  for  their  work.     The  statues  made  by  the  Kellers  at  Versailles  were 
found  on  chemical  analysis  to  consist  of — 

No.  1.  No.  2.  No.  3.  The  mean. 

Copper  91-30  91-68  91-22  91-40 

Tin  1-00  2-32  1-78  1-70 

Zinc  6-09  4-93  5-57  5-53 

Lead  1-61  1-07  1-43  1-37 


100-00  100-00  100-00  100-00 

The  analysis  of  the  bronze  of  the  statue  of  Louis  XV.  was  as  foUows  :- 

Copper  82-45    Its  specific  gravity  was  8-482. 

"Zinc  10-30 

Tin  4-10 

Lead  3-15 


100-00 


The  alloy  most  proper  for  bronze  medals  which  are  to  be  afterward  struck,  is  composed 
of  from  8  to  12  parts  of  tin,  and  from  92  to  88  of  copper ;  to  which  if  two  or  three  parts 
in  the  hundred  of  zinc  be  added,  they  will  make  it  assume  a  finer  bronze  tint.  The  alloy 
of  the  Kellers  is  famous  for  this  efiect.  The  medal  should  be  subjected  to  three  or  four 
successive  stamps  of  the  press,  and  be  softened  between  each  blow  by  being  heated  and 
plunged  into  cold  water. 

The  bronze  of  bells  or  bell  metal  is  composed  in  100  parts  of  copper  78,  tin  22.  This 
alloy  has  a  fine  compact  grain,  is  very  fusible  and  sonorous.  The  other  metals  sometimes 
added  are  rather  prejudicial,  and  merely  increase  the  profit  of  the  founders.  Some  of  the 
English  bells  consist  of  80  copper,  10.1  tin,  5-6  zinc,  and  4-3  lead;  the  latter  metal  when 
in  such  large  quantity  is  apt  to  cause  insolated  di-ops,  hurtful  to  the  uniformity  of  the 
alloy. 

The  tam-tams  and  cymbals  of  bronze. — The  Chinese  make  use  of  bronze  instruments 
forged  by  the  hammer,  which  are  very  thin,  and  raised  up  in  the  middle ;  they  are  called 
gongs,  from  the  word  Ishoung,  which  signifies  a  bell.  Klaproth  has  shown  that  they  con- 
tain nothing  but  copper  and  tin ;  in  the  proportions  of  78  of  the  former  metal  and  22  of 
the  latter.  Their  specific  gravity  is  8-815.  This  alloy  when  newly  cast  is  as  brittle  as 
glass,  but  by  being  plunged  at  a  cherry-red  heat  into  cold  water,  and  confined  between 
two  discs  of  iron  to  keep  it  in  shape,  it  becomes  tough  and  malleable.  The  cymbals 
consist  of  80  parts  copper  and  20  tin. 

Bronze  vessels  naturally  brittle  may  be  made  tenacious  by  the  same  ingenious  process, 
for  which  the  world  is  indebted  to  M.  Darcet.  Bronze  mortars  for  pounding  have  their 
lips  tempered  in  the  same  way.  Ancient  warlike  weapons  of  bronze  were  variously  com- 
pounded; swords  were  formed  of  87^  copper,  and  12^  tin  in  100  parts;  the  springs  of 
balistse  consisted  of  97  copper,  and  3  tin. 

Cannon  metal  consists  of  about  90  or  91  copper,  and  10  or  9  of  tin.  From  the  experi- 
ments of  Papacino-d'Antony,  made  at  Turin,  in  1770,  it  appears  that  the  most  proper 
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alloy  for  great  guns  is  from  12  to  14  parts  of  tin  to  100  of  copper ;  but  the  Comte  Lamar 
tilliere  concluded  from  his  experiments  made  at  Douay,  in  1786,  that  never  less  than  8, 
nor  more  than  11  of  tin  should  be  employed  in  100  parts  of  bronze. 

Gilt  ornaments  of  bronze. — This  kind  of  bronze  should  be  easy  of  fusion,  and  take 
perfectly  the  impression  of  the  mould.  The  alloy  of  copper  and  zinc  is  when  fused  of  a 
pasty  consistence,  does  not  make  a  sharp  cast,  is  apt  to  absorb  too  much  amalgam,  is 
liable  to  crack  in  cooling,  and  is  too  tough  or  too  soft  for  the  chaser  or  the  turner.  Were 
the  quantity  of  zinc  increased  to  make  the  metal  harder,  it  would  lose  the  yellow  color 
suitable  to  the  gilder.  A  fourfold  combination  of  copper,  zinc,  tin,  and  lead  is  preferable 
for  making  such  ornamental  bronze  articles;  and  the  following  proportions  are  probably 
the  best,  as  they  unite  closeness  of  grain  with  the  other  good  qualities.  Copper  82,  zinc 
18,  tin  3  or  1,  lead  Ij  or  3.  In  the  aUoy  which  contains  most  lead,  the  tenacity  is  di- 
minished and  the  density  is  increased,  which  is  preferable  for  pieces  of  small  dimensions. 
Another  alloy,  which  is  said  to  require  for  its  gilding  only  two  thirds  of  the  ordinary  quan- 
tity of  gold,  has  the  following  composition  :  copper,  82-257;  zinc,  17-481  ;  tin,  0-238; 
lead,  0-024. 

The  antique  bronze  color  is  given  to  figures  and  other  objects  made  from  these  alloys  by 
the  following  process  : — Two  drachms  of  sal-ammoniac,  and  half  a  drachm  of  salt  of  sorrel 
(binoxalate  of  potash)  are  to  be  dissolved  in  fourteen  ounce  measures  (English)  of  color- 
less vinegar.  A  hair  pencil  being  dipped  into  this  solution,  and  pressed  gently  between 
the  fingers,  is  to  be  rubbed  equally  over  the  clean  surface  of  the  object,  slightly  warmed 
in  the  sun  or  at  a  stove ;  and  the  operation  is  to  be  repeated  till  the  wished-for  shade  is 
obtained.     (See  Gilding.) 

The  bronze  founder  ought  to  melt  his  metals  rapidly,  in  order  to  prevent  the  loss  of  tin, 
zinc,  and  lead,  by  their  oxydizement.  Reverberatory  furnaces  have  been  long  used  for 
this  operation  ;  the  best  being  of  an  elliptical  form.  The  furnaces  with  dome  tops  are , 
employed  by  the  bell-founders,  because  their  alloy  being  more  fusible,  they  do  not  require 
so  intense  a  heat ;  but  they  also  would  find  their  advantage  in  using  the  most  rapid  mode 
of  fusion.  The  surface  of  the  melting  metals  should  be  covered  with  small  charcoal,  or 
coke ;  and  when  the  zinc  is  added,  it  should  be  dexterously  thrust  to  the  bottom  of  the 
melted  copper.  Immediately  after  stirring  the  melted  mass  so  as  to  incorporate  its  ingre- 
dients, it  should  be  poured  out  into  the  moulds.  In  general,  the  metals  most  easily  al- 
tered by  the  fire,  as  the  tin,  should  be  put  in  last.  The  cooling  should  be  as  quick  as 
possible  in  the  moulds,  to  prevent  the  risk  of  the  metals  separating  from  each  other  in 
the  order  of  their  densitj',  as  they  are  very  apt  to  do.  The  addition  of  a  little  iron,  in  the 
form  of  tin-plate,  to  bronze,  is  reckoned  to  be  advantageous. 

One  part  of  tin,  and  two  parts  of  copper  (nearly  one  atom  of  tin  and  four  of  copper,  or 
more  exactly,  100  parts  of  tin,  and  215  copper),  form  the  ordinary  speculum  metal  of  re- 
flecting telescopes,  which  is  of  all  the  alloys  the  whitest,  the  most  brilliant,  the  hardest, 
and  the  most  brittle.  The  alloy  of  1  part  of  tin,  and  10  of  copper  (or  nearly  one  atom 
of  the  former  to  eighteen  of  the  latter),  is  the  strongest  of  the  whole  series. 

Ornamental  objects  of  bronze,  after  being  cast,  are  commonly  laid  upon  red-hot  coals 
till  they  take  a  dull  red  heat,  and  are  then  exposed  for  some  time  to  the  air.  The  sur- 
face is  thereby  freed  from  any  greasy  matter,  some  portion  of  the  zinc  is  dissipated,  the 
aUoy  assumes  more  of  a  coppery  hue,  which  prepares  for  the  subsequent  gilding.  The 
black  tinge  which  it  sometimes  gets  from  the  fire  may  be  removed  by  washing  it  with  a 
weak  acid.  It  may  be  made  very  clean  by  acting  upon  it  with  nitric  acid,  of  specific 
gravity  1-324,  to  which  a  little  common  salt  and  soot  have  been  added,  the  latter  being 
of  doubtful  utility ;  after  which  it  must  be  well  washed  in  water,  and  dried  with  rags  or 
saw-dust. 

Bronzing  is  the  art  of  giving  to  objects  of  wood,  plaster,  &c.,  such  a  surface  as  makes 
them  appear  as  if  made  of  bronze.  The  term  is  sometimes  extended  to  signify  the  pro- 
duction of  a  metallic  appearance  of  any  kind  upon  such  objects.  They  ought  first  to  be 
smeared  over  smoothly  with  a  coat  of  size  or  oil  varnish,  and  when  nearly  dry,  the  me- 
tallic powder  made  from  Dutch  foil,  gold  leaf,  mosaic  gold,  or  precipitated  copper,  is  to 
be  applied  with  a  dusting  bag,  and  then  rubbed  over  the  surface  with  a  linen  pad  ;  or  the 
metallic  powders  may  be  mixed  vdth  the  drying  oil  beforehand,  and  then  applied  with  a 
brush.  Sometimes  fine  copper,  or  brass  filings,  or  mosaic  gold,  are  mixed  previously  with 
some  pulverized  bone-ash,  and  then  applied  in  either  way.  A  mixture  of  these  powders 
with  mucilage  of  gum  arabic  is  used  to  give  paper  or  wood  a  bronze  appearance.  The 
surface  must  be  afterward  burnished.  Copper  powder  precipitated  by  clean  plates  of  iron, 
from  a  solution  of  nitrate  of  copper,  after  being  well  washed  and  dried,  has  been  em- 
ployed in  this  way,  either  alone  or  mixed  with  pulverized  bone-ash.  A  finish  is  given  to 
works  of  this  nature  by  a  coat  of  spirit  varnish. 

A  white  metallic  appearance  is  given  to  plaster  figures  by  rubbing  over  them  an  amal- 
gam of  equal  parts  of  mercury,  bismuth,  and  tin,  and  applying  a  coat  of  varnish  over  it. 
The  iron-colored  bronzing  is  given  by  black  lead  or  plumbago,  finely  pulverized  and 
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ivashed.  Busts  and  other  objects  made  of  cast  iron  acquire  a  bronze  aspect  by  being  well 
cleaned  and  plunged  in  solution  of  sulphate  of  copper,  whereby  a  thin  film  of  this  metal 
is  left  upon  the  iron. 

Copper  acquires  by  a  certain  treatment  a  reddish  or  yellowish  hue,  in  consequence  of 
a  little  oxyde  being  formed  upon  its  surface.  Coins  and  meda'.s  may  be  handsomely 
bronzed  as  follows ;  two  parts  of  verdigris  and  1  pait  of  sal  ammoniac  are  to  be  dis- 
solved in  vinegar;  the  solution  is  to  be  boiled,  skimm?d,  and  diluted  with  water  till  it  has 
only  a  weak  metallic  tast^  and  upon  further  dilution  lets  fall  no  wliite  precipitate.  This 
solution  is  made  to  boil  briskly,  and  is  poured  upon  the  objects  to  be  bionzed,  which  are 
previously  made  quite  clean,  particularly  free  from  grease,  and  set  in  another  copper  pan. 
This  pan  is  to  be  put  upon  the  fire,  that  the  boiling  may  be  renewed.  The  pieces  under 
operation  must  be  so  laid  that  the  solution  haslref'  access  to  every  point  of  their  surface. 
The  copper  hereby  acquires  an  agreeable  reddish  brown  hue,  without  losing  its  lustre. 
But  if  the  process  be  too  long  continued,  the  coat  of  oxyde  becomes  tliick,  and  makes  the 
objects  appear  scaly  and  dull.  Hence  they  must  be  inspected  every  5  minutes,  and 
be  taken  out  of  the  solution  the  moment  their  color  arrives  at  the  desired  shade.  If 
the  solution  be  too  strong,  the  bronzing  comes  ofl'  with  friction,  or  the  copper  gets  covered 
with  a  white  powder,  which  becomes  green  by  exposure  to  air,  and  the  labor  is  con- 
sequently lost.  The  bronzed  pieces  are  to  be  washed  with  many  repeated  waters,  and 
carefully  dried,  otherwise  they  would  infallibly  turn  green.  To  give  fresh  made  bronze 
objects  an  antique  appearance,  three  quarters  of  an  ounce  of  sal  ammoniac,  and  a  drachm 
and  a  half  of  binoxalate  of  potash  (salt  of  sorrel)  are  to  be  dissolved  in  a  quart  of  vinegar, 
and  a  soft  rag  or  brush  moistened  with  this  solution  is  to  be  rubbed  over  the  clean  bright 
metal,  till  its  surface  becomes  entirely  dry  by  the  friction.  This  process  must  be  repeal- 
ed several  times  to  produce  the  full  effect ;  and  the  object  should  be  kept  a  litle  warm. 
Copper  acquires  very  readily  a  brown  color  by  rubbing  it  with  a  solution  of  the  common 
liver  of  sulphur,  or  sulphuret  of  potash. 

The  Chinese  are  said  to  bronze  their  copper  vessels  by  taking  2  ounces  of  verdi- 
gris, 2  ounces  of  cinnabar,  5  ounces  of  sal  ammoniac,  and  5  ounces  of  alum,  all  in 
powder,  making  them  into  a  paste  with  vinegar,  and  spreading  this  jiretty  thick  like  a 
pigment  on  the  surfaces  previously  brightened.  The  piece  is  then  to  be  held  a  little 
while  over  a  fire,  till  it  becomes  uniformly  heated.  It  is  next  cooled,  washed,  and  dried ; 
after  which  it  is  treated  in  the  same  way  once  and  again  till  the  wished  fir  color  is 
obtained.  An  addition  of  sulphate  of  copper  makes  the  color  incline  more  to  chestnut 
brown,  and  of  borax  more  to  yellow.  It  is  obvious  that  the  cinnabar  produces  a  thin  coat 
of  sulphuret  of  copper  upon  the  surface  of  the  vessel,  and  might  probably  be  used  with 
advantage  by  itself. 

To  give  the  appearance  of  antique  bronze  to  modern  articles,  we  should  dissolve  1 
part  of  sal  ammoniac,  3  parts  of  cream  of  tartar,  and  6  parts  of  common  salt  in 
12  parts  of  hot  water,  and  mix  with  the  solution  8  parts  of  a  solution  of  nitrate 
of  copper  of  specific  gravity  1'160.  This  compound,  when  applied  repeatedly  in  a 
moderately  damp  place  to  bronze,  gives  it  in  a  short  time  a  durable  green  coat, 
which  becomes  by  degrees  very  beautiful.  More  salt  gives  it  a  yellowish  tinge,  less 
salt  a  blueish  cast.  A  large  addition  of  sal  ammoniac  accelerates  the  operation  of  the 
mordant. 

Browning  of  gun-barrels  and  other  arms. — By  this  process,  the  surface  of  several 
articles  of  iron  acquires  a  shining  brown  color.  This  preparation,  which  protects  the 
iron  from  rust,  and  also  improves  its  appearance,  is  chiefly  employed  for  the  barrels  of 
fowling-pieces  and  soldiers'  rifles,  to  conceal  the  fire-arms  from  the  srame  and  the  enemy. 
The  finest  kind  of  browning  is  the  Damascus,  in  which  dark  and  bright  lines  run  through 
the  brown  ground. 

This  operation  consists  in  producing  a  very  thin  uniform  film  of  oxyde  or  rust  upon  the 
iron,  and  giving  a  gloss  to  its  surface  by  rubbing  wax  over  it,  or  coating  it  with  a  shel- 
lac varnish. 

Several  means  may  be  employed  to  produce  this  rust  speedily  and  well.  The  effect 
may  be  obtained  by  enclosing  the  barrels  in  a  space  filled  with  the  vapor  of  muriatic 
acid.  Moistening  their  surface  with  dilute  muriatic  or  nitric  acid,  will  answer  the  same 
purpose.  But  the  most  common  material  used  for  browning,  is  the  butter  or  chloride 
of  antimony,  which,  on  account  of  its  being  subservient  to  this  purpose,  has  been  called 
bronzing  salt.  It  is  mixed  uniformly  with  olive  oil,  and  rubbed  upon  the  iron  slightly 
heated ;  which  is  afterwards  exposed  to  the  air,  till  the  wished-for  degree  of  browning  is 
produced.  A  little  aquafortis  is  rubbed  on  after  the  antimonj',  to  quicken  its  operation. 
The  brown  barrel  must  be  then  carefully  cleaned,  washed  with  water,  dried,  and  finally 
polished,  either  by  the  steel  burnisher,  or  rubbed  with  white  wax,  or  varnished  with  a 
solution  of  2  ounces  of  shellac,  and  three  drachms  of  dragon's  blood,  in  2  quarts  of  spirit 
of  wine. 

The  following  process  may  also  be  recommended :   Make   a   solution   with  half  an 
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ounce  of  aquafortis,  half  an  ounce  of  sweet  spirit  of  nitre,  1  ounce  of  spirit  of  wine, 
2  ounces  of  sulphate  of  copper,  and  1  ounce  of  tincture  of  iron,  in  so  much  water  as 
will  fill  altogether  a  quart  measure.  The  gun  barrel  to  be  browned  must  first  of  all  be 
filed  and  polished  bright,  and  then  rubbed  with  unslaked  lime  and  water  to  clear  away 
all  the  grease.  Its  two  ends  must  now  be  stopped  with  wooden  rods,  which  may  serve 
as  handles,  and  the  touch-hole  must  be  filled  with  wax.  The  barrel  is  then  to  be  rubbed 
with  that  solution,  applied  to  linen  rags  or  a  spnnge,  till  the  wliole  surface  be  equally 
moistened ;  it  is  allowed  to  stand  24  hours,  and  is  then  scrlibbed  with  a  still'  brush. 
The  application  of  the  liquid  and  the  brushing  may  be  repeated  twice  or  oftener,  till  the 
iron  acquires  a  fine  brown  color.  After  the  last  brushing,  the  baiTel  must  be  washed 
with  plenty  of  boiling  water,  containing  a  little  potasli ;  then  washed  with  clean  water, 
dried,  rubbed  with  polishing  haid  wood,  and  coated  with  shellac  varnish,  for  which  puj- 
pose  the  barrel  must  be  heated  to  the  boiling  point  of  water.  It  is  finally  polished  with  a 
piece  of  hard  wood. 

Storch  recommends  to  make  a  browning  solution  with  1  part  of  sulphate  of  copper,  one 
third  of  a  part  of  sulphuric  ether,  and  4  parts  of  distilled  water. 

To  give  the  damask  appearance,  the  barrel  must  be  rubbed  over  first  with  very  dilute 
aquafortis  and  vinegar,  mixed  with  a  solution  of  blue  vitriol ;  washed  and  dried,  and 
rubbed  with  a  hard  brush  to  remove  any  scales  of  copper  which  may  be  precipitated  upon 
it  from  the  sulphate. 

Statues,  vases,  bass-reliefs,  and  other  objects  made  of  gypsum,  may  be  durably  bronzed, 
and  bear  exposure  to  the  weather  better  than  after  the  ordinary  oil-varnish,  by  the 
following  process: — Prepare  a  soap  from  linseed  oil,  boiled  with  caustic  soda  ley,  to  which 
add  a  solution  of  common  salt,  and  concentrate  it  by  boiling,  till  it  becomes  somewhat 
granular  upon  the  surface.  It  is  then  thrown  upon  a  piece  of  linen  cloth,  and  strained 
with  moderate  pressure.  What  passes  through  is  to  be  diluted  with  boiling  water,  and 
again  filtered.  On  the  other  hand,  4  parts  of  blue  vitriol  and  1  part  of  copperas  are  to 
be  dissolved  separately  in  hot  water.  This  solution  is  to  be  poured  slowly  into  the 
solution  of  soap,  as  long  as  it  occasions  any  precipitate.  This  flocculent  matter  is  a 
mixture  of  cupreous  soap  and  ferruginous  soap,  that  is,  a  combination  of  the  oxydes  of 
copper  and  iron  with  the  margaric  acid  of  the  soda  soap.  The  copper  soap  is  green,  the 
iron  soap  is  reddish  brown,  and  both  together  resemble  that  green  rust  which  is  charac- 
teristic of  the  antique  bronzes.  When  the  precipitate  is  completely  separated,  a  fresh 
portion  of  the  vitriol  solution  is  to  be  poured  upon  it  in  a  copper  pan,  and  is  made  to  boil, 
in  order  to  wash  it.  After  some  time,  the  liquid  part  must  be  decanted,  and  replaced  by 
warm  water  for  the  purpose  of  washing  the  metallic  soaps.  They  are  finally  treated  with 
cold  water,  pressed  in  a  linen  bag,  drained,  and  dried.  In  this  state  the  compound  is  ready 
for  use  in  the  following  way : — 

Three  pounds  of  pure  linseed  oil  are  to  be  boiled  with  twelve  ounces  of  finely- 
powdered  litharge,  then  strained  through  a  coaise  canvass  cloth,  and  allowed  to  stand  in 
a  warm  place  till  the  soap  turns  clear.  Fifteen  ounces  of  this  soap  varnish,  mixed  with 
12  ounces  of  the  above  metallic  soaps,  and  5  ounces  of  fine  white  wax,  are  to  be  melted 
together  at  a  gentle  heat  in  a  porcelain  basin,  by  means  of  a  water  bath.  The  mixture 
must  be  kept  for  some  time  in  a  melied  state,  to  expel  any  moisture  which  it  may  contain. 
It  must  be  then  applied,  by  means  of  a  painter's  brush,  to  the  surface  of  the  gypsum  pre- 
viously heated  to  the  temperature  of  about  200°  F.  By  skilful  management  of  the  heat, 
tlie  color  may  be  evenly  and  smoothly  laid  on  without  filling  up  the  minute  lineaments 
01  the  busts.  When,  after  remaining  in  the  cool  air  for  a  few  days,  the  smell  of  the  pig- 
ment lias  gone  olT,  the  surface  is  to  be  rubbed  with  cotton  wool,  or  a  fine  linen  rag,  and 
trunegated  with  a  few  streaks  of  metal  powder  or  shell  gold.  Small  objects  may  be  dipp- 
t'ii  in  the  melted  mixture,  and  then  exposed  to  the  heat  of  a  fire  till  they  are  thoroughly 
penetrated  and  evenly  coated  with  it. 

BROWN  DYE.  Upon  this  subject  some  general  views  are  given  in  the  article  Dye- 
ing, explanatory  of  the  nature  of  this  color,  to  which  I  may  in  the  first  place  refer.  This 
dye  presents  a  vast  variety  of  tints,  from  yellow  and  red  to  black  brown,  and  is  produced 
either  by  mixtures  of  red,  yellow,  and  blue  with  each  other,  or  of  yellow  or  red  with 
black,  or  by  substantive  colors,  such  as  catechu  or  oxyde  of  manganese,  alone.  We  shall 
here  notice  only  the  principal  shades  ;  leaving  their  modifications  to  the  caprice  or  skill  of 
the  dyer. 

1.  Brown  from  mixture  of  other  colors. 

Wool  and  woollen  cloths  must  be  boiled  with  one  eighth  their  weight  of  alum  and 
salpho-tartrate  of  iron  (see  tliis  article) ;  afterwards  washed,  and  winced  through  the 
madder  bath,  which  dyes  the  portion  of  the  stuff  imbued  with  the  alum  red,  and  that  with 
the  salt  of  iron  black ;  the  tint  depending  upon  the  proportion  of  each,  and  the  duration 
of  the  madder  bath. 

A  similar  brown  is  produced  by  boiling  every  pound  of  the  stuff  with  two  ounces  of 
alum,  and  one  ounce  of  common  salt,  and  then  dyeing  it  in  a  bath  of  logwood  contain- 
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ing  either  sulphotartrate,  acetate,  or  sulphate  of  iron.  Or  the  stuff  may  be  boiled  with 
alum  and  tartar,  dyed  up  in  a  madder  bath,  and  then  run  through  a  black  bath  of  iron 
mordant  and  galls  or  sumach.  Here  the  black  tint  is  added  to  the  red  till  the  proper  hue 
be  hit.  The  brown  may  be  produced  also  by  adding  some  iron  liquor  to  the  madder  bath, 
after  the  stuff  has  been  dyed  up  in  it  with  alum  and  tartar.  A  better  brown  of  this 
kind  is  obtained  by  boiling  every  pound  of  wool  with  2  ounces  of  alum,  dyeing  it  up  in 
cochineal,  then  changing  the  crimson  thus  given  into  brown,  by  turning  the  stuff  through 
the  bath  after  acetate  of  iron  has  been  added  to  it.  Instead  of  the  cochineal,  archil,  or 
cutbear,  with  a  little  galls  or  sumach,  may  be  used. 

Wool  or  silk  may  also  receive  a  light  blue  ground  from  the  indigo  vat,  then  be  mor- 
danted with  alum,  washed,  and  turned  through  a  madder  bath  till  the  wished-for  brown 
be  brought  out.  For  the  deeper  shades,  galls  or  sumach  may  be  added  to  the  paler  Brazil- 
wood, with  more  or  less  iron  mordant.  Instead  of  the  indigo  vat,  Saxon  blue  maj^  be 
employed  to  ground  the  stuff  before  dyeing  it  with  madder,  or  5  pounds  of  madder,  with 
1  pound  of  alum,  a  solution  of  one  tenth  of  a  pound  of  indigo  in  sulphuric  acid,  may  be 
used  with  the  proper  quantity  of  water  for  20  pounds  of  wool ;  for  dark  shades,  some  iron 
mordant  may  be  added.  Or  we  may  combine  a  bath  of  cochineal  or  cutbear,  fustic, 
and  galls,  and  add  to  it  sulphate  of  iron  and  sulphate  of  indigo,  blunted  with  a  little 
potash. 

If  we  boil  woollen  cloth  with  alum  and  tartar,  then  pass  it  through  a  madder  bath,  and 
afterward  through  one  of  weld  or  fustic,  containing  more  or  less  iron  mordant,  we  obtain 
shades  variable,  according  to  the  proportions  of  the  matei'ials,  from  mordore  and  cinnamon 
to  chestnut  brown. 

After  the  same  manner,  bronze  colors  may  be  obtained  from  the  union  of  olive  dyes 
with  red.  For  25  pounds  of  cloth,  we  take  4  pounds  of  fustic  chips,  boil  them  for  2  hours, 
turn  the  cloth  in  this  bath  for  an  hour,  and  drain  it;  then  add  to  the  bath  from  4  to  6 
ounces  of  sulphate  of  iron,  and  1  pound  of  ordinary  madder,  or  2  pounds  of  sandal-wood ; 
put  the  cloth  again  in  this  compound  bath,  and  turn  it  through,  till  the  desired  shade  be 
obtained.  By  changing  the  proportions,  and  adding  an  iron  mordant,  other  tints  may  be 
produced. 

This  mode  of  dyeing  is  suitable  for  silli,  but  with  three  different  baths ;  one  of  logwood, 
one  of  Brazil-wood,  and  one  of  fustic.  The  silk,  after  being  boiled  with  soap,  is  to  be 
alumed,  and  then  dyed  up  in  a  bath  compounded  of  these  three  decoctions,  mixed  in  the 
requisite  proportions.  By  the  addition  of  walnut  peels,  sulphate  of  copper,  and  a  little 
sulphate  of  iron,  or  by  passing  the  silk  through  a  bath  of  annotto,  a  variety  of  brown 
shades  may  be  had. 

Or  the  silk  may  receive  an  annotto  ground,  and  then  be  passed  through  a  bath  of  log- 
wood or  Brazil-wood.  For  10  pounds  of  silk,  6  ounces  of  annotto  are  to  be  taken,  and 
dissolved  with  18  ounces  of  potashes  in  boiling  water.  The  silk  must  be  winced  through 
this  solution  for  2  hours,  then  wrung  out,  dried,  next  alumed,  passed  through  a  bath  of 
Brazil-wood,  and  finally  through  a  bath  of  logwood,  containing  some  sulphate  of  iron. 
It  is  to  be  wrung  out  and  dried. 

Brown  of  different  shades  is  imparted  to  cotton  and  linen,  by  impregnating  them  with 
a  mixed  mordant  of  acetates  of  alumina  and  iron,  and  then  dyeing  them  up,  either  with 
madder  alone,  or  with  madder  and  fustic.  When  the  aluminous  mordant  predominates, 
the  madder  gives  an  amaranth  tint.  For  horse-chestnut  brown,  the  cotton  must  be  galled, 
plunged  into  a  black  bath,  then  into  a  bath  of  sulphate  of  copper,  next  dyed  up  in  a  de- 
coction of  fuslic,  wrung  out,  passed  through  a  strong  madder  bath,  then  through  the  sul- 
phate of  copper  solution,  and  finished  with  a  soap  boil.  Different  shades  of  cinnamon 
are  obtained,  when  cottons  first  dyed  up  with  madder  get  an  olive  cast  with  iron  liquor  in 
a  fustic  bath. 

These  cinnamon  and  mordore  shades  are  also  produced  by  dyeing  them  first  in  a  bath 
of  weld  and  verdigris,  passing  them  through  a  solution  of  sulphate  of  iron,  wringing  and 
drying  them;  next  putting  them  through  a  bath  containing  1  pound  of  galls  for  10  pounds 
of  stuff,  again  drying,  next  aluming,  and  maddering.  They  must  be  brightened  by  a  boil 
in  soap  water. 

A  sujierior  brown  is  produced  by  like  means  upon  cotton  goods,  which  have  undergone 
the  oiling  process  of  the  Turkey  red  dye.  Such  stuffs  must  be  galled,  mordanted  with 
alum  (see  Madder),  sulphate  of  iron,  and  acetate  of  lead  (equal  to  f  of^the  alum);  after 
washing  and  drying,  dyed  in  a  madder  bath,  and  cleared  with  a  soap  boil.  The  tint  of 
brown  varies  with  the  proportion  of  alum  and  sulphate  of  iron. 

We  |ierceive  from  these  examples,  in  how  many  ways  the  browning  of  dyes  may  be 
modified,  upon  what  principles  they  are  founded,  and  how  we  have  it  in  cur  power  to  turn 
the  shade  more  or  less  toward  red,  black,  yellow,  blue,  &c. 

Brown  may  be  produced  by  direct  dyes.  The  decoction  of  oak  bark  dyes  wool  a  fast 
brown  of  different  shades,  according  to  the  concentration  of  the  bath.  The  color  is  more 
lively  with  the  addition  of  alum. 
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The  decoction  of  bastard  marjoram  {Origanum  vulgare)  dyes  cotton  and  linen  a  reddish 
brown,  with  acetate  of  alumina.     Wool  takes  from  it  a  dark  brown. 

The  bark  of  the  mangrove  tree  {Rizophora  mangle)  affords  to  wool  boiled  with  alum 
and  tartar  a  fine  red  brown  color,  which,  with  the  addition  of  sulphate  of  iron,  passes 
into  a  fast  chocolate. 

The  Bablali,  the  pods  of  the  East  Indian  Mimosa  cineraria,  and  the  African  Mimosa 
nilotica,  gives  cotton  a  brown  with  acetate  or  sulphate  of  copper. 

The  root  of  the  white  sea  rose  (Nymphcea  alba)  gives  to  cotton  and  wool  beautiful 
shades  of  brown.  A  mordant  of  sulphate  of  iron  and  zinc  is  first  given,  and  then  the 
wool  is  turned  through  the  decoction  of  the  root,  till  the  wished-for  shade  is  obtained. 
The  cotton  must  be  mordanted  with  a  mixture  of  the  acetates  of  iron  and  zinc. 

Walnut  peels  (Juglans  regia),  when  ripe,  contain  a  dark  brown  dye  stuff,  which  com- 
municates a  permanent  color  to  wool.  The  older  the  infusion  or  decoction  of  the  peels, 
the  better  dye  does  it  make.  The  stuff  is  dyed  in  the  lukewarm  bath,  and  needs  no 
mordant,  though  it  becomes  brighter  with  alum.  Or  this  dye  may  be  combined  with  the 
madder  or  fustic  bath,  to  give  varieties  of  shade.  For  dyeing  silk,  this  bath  should  be 
hardly  lukewarm,  for  fear  of  causing  inequality  of  color. 

The  peelings  of  horse-chestnuts  may  be  used  for  the  same  purpose.  With  muriate  of 
tin  they  give  a  bronze  color,  and  with  acetate  of  lead  a  reddish  brown. 

Catechu  gives  cotton  a  permanent  brown  dye,  as  also  a  bronze,  and  mordore,  when  its 
solution  in  hot  water  is  combined  with  acetate  or  sulphate  of  copper,  or  when  the  stuff 
is  previously  mordanted  with  the  acetates  of  copper  and  alumina  mixed,  sometimes  with 
a  little  iron  liquor,  rinsed,  dried,  and  dyed  up,  the  bath  being  at  a  boiling  heat. 

Ferrocyanate  of  copper  gives  a  yellow  brown  or  a  bronze  to  cotton  and  silk. 

The  brown  color  called  carmelite  by  the  French  is  produced  by  one  pound  of  catechu 
to  four  ounces  of  verdigris,  with  five  ounces  of  muriate  of  ammonia.  The  bronze 
(solitaire)  is  given  by  passing  the  stuff  through  a  solution  of  muriate  or  sulphate  of 
manganese,  with  a  little  tartaric  acid,  drying,  passing  through  a  potash  ley  at  4°  Baume, 
brightening  and  fixing  with  solution  of  chloride  of  lime. 

BRUSHES.  (Brasses,  Fr. ;  Bilrsien,  Germ.)  Mr.  T.  Mason  obtained  a  patent  in 
October,  1830,  for  an  improvement  in  the  manufacture  of  this  article.  It  consists  in  a 
firmer  mode  of  fixing  the  knots  or  small  bundles  of  hair  into  the  stock  or  the  handle  of 
the  brush.  This  is  done  by  forming  grooves  in  the  stocks  of  the  brushes,  for  the  purpose 
of  receiving  the  ends  of  the  knots  of  hair,  instead  of  the  holes  drilled  into  the  wood,  as 
in  brushes  of  ihe  common  constructions.  These  grooves  are  to  be  formed  like  a  dovetail, 
or  wider  at  the'boltom  than  the  top;  and  when  the  ends  of  the  knots  of  hair  have  been 
dipped  into  cement,  they  are  to  be  placed  in  the  grooves  and  compressed  into  an  oval  form, 
by  which  the  ends  of  the  hair  wiU  be  pressed  outwards  into  the  recess  or  wider  part  of 
the  dovetailed  groove,  or  the  grooves  may  be  formed  with  threads  or  teeth  on  the  sides, 
instead  of  being  dovetailed;  and  the  cement  and  hairs  being  pressed  into  the  teeth  or 
threads,  will  cause  them  to  adhere  firmly  to  the  stock  or  handle  of  the  brush. 

A  metal  ferrule  may  be  placed  on  the  outside  of  the  stock  of  the  brush,  if  necessary, 
and  secured  by  pins  or  rivets,  or  in  any  other  convenient  manner,  which  ferrule  may 
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also  form  one  side  of  the  outer  groove.  Fig.  182  is 
a  plan  view  of  the  stock  of  a  round  brush ;  fig.  183 
is  a  section  of  the  same ;  a  a  are  the  dovetailed  grooves, 
which  are  turned  out  of  the  wood  ;  b  is  the  metal  fer- 
rule ;  c  c  are  knots  or  small  bundles  of  hair,  to  form 
the  brash.  After  a  number  of  the  knots  of  hair  are 
prepared,  the  ends  are  to  be  dipped  into  proper  cement, 
and  then  placed  into  the  grooves,  when  their  ends  are 
to  be  squeezed  by  a  pair  of  pliers,  or  other  means,  which 
will  compress  them  into  the  oval  shape,  as  shown  in 
fig.  184,  and  cause  the  ends  of  the  hairs  to  extend  out- 
ward under  the  dovetailed  part  of  the  recess. 

The  knots  of  hair  are  to  be  successively  placed  in  the 
grooves,  and  forced  up  by  a  tool  against  the  last  knot 
put  in,  and  so  on,  until  the  grooves  are  filled ;  fig.  184  is 
a  section  taken  through  a  brush  with  teeth  or  threads  of  a  screw  formed  upon  the  sides 
of  the  groove ;  into  these  teeth  or  threads  the  cement  and  hairs  will  be  forced  by  the 
compression,  by  which  means  they  will  be  held  firmly  in  the  stock  of  the  brush. 

BUTTER.  (Beurre,  Fr. ;  Butler,  Germ.)  Milk  contains  a  fatty  matter  of  more 
or  less  consistency,  modified  very  much  according  to  the  nature  of  the  animals  which 
afford  it.  This  substance  is  butter,  held  suspended  in  the  milk  by  means  of  the  caseous 
matter  and  whey,  with  which  it  is  intimately  blended.  Milk  is  a  true  emulsion 
resulting  from  the  mixture  of  these  three  ingredients,  owing  its  opacity  and  white 
color   to   the   diffusion   thiough  it  of  that  butyraceous   oil.    When  any  circumstance 
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dissolves  this  union,  each  component  becomes  insulated,  and  manifests  its  peculiar 
properties.  Milk,  even  left  to  itself,  at  a  temperature  of  from  50°  to  60°  F.,  separates 
spontaneously  into  several  products.  A  layer  of  a  fatter,  more  consistent,  but  lighter 
nature,  floats  upon  its  surface,  while  the  subjacent  liquid  forms  a  white  magma,  which 
retains  among  its  curdy  flocks  all  the  whey  of  the  milk.  The  upper  layer  or  cream  con- 
tains nearly  the  whole  of  the  butter ;  but  a  portion  remains  entangled  with  the  curd  and 
whey  below. 

It  belongs  to  a  work  on  husbandry  or  rural  economy  to  treat  fully  of  the  operations  of 
the  dairy ;  one  of  the  principal  of  which  is  the  extraction  of  butter  from  milk. 

The  Tartars  and  French  have  been  long  in  the  habit  of  preserving  butter,  by  melting 
it  with  a  moderate  heat,  whereby  are  coagulated  the  albuminous  and  curdy  matters 
remaining  in  it,  which  are  very  putrescible.  This  fusion  should  be  made  by  a  heat  of 
a  water  bath,  about  176°  F.,  continued  for  some  time,  to  effect  the  more  complete 
purification  of  the  butter.  If  in  this  settled  liquefied  state  it  be  carefully  decanted, 
strained  through  a  tammy  cloth,  and  slightly  salted,  it  may  be  kept  for  a  long  time  nearly 
fresh,  without  becoming  in  any  degree  rancid,  more  especially  if  it  be  put  up  in  small 
iars  closely  covered. 

Butter  of  Cacao.     See  Cacao  and  Oils. 

BUTTON  MANUFACTURE.  This  art  is  divided  into  several  branches,  constituting 
so  many  distinct  trades.  Horn,  leather,  bone,  and  wood,  are  the  substances  frequently 
employed  for  buttons,  which  are  either  plain,  or  covered  with  silk,  mohair,  thread,  or 
other  ornamental  materials.  The  most  durable  and  ornamental  buttons  are  made  of 
various  metals,  polished,  or  covered  with  an  exceedingly  thin  wash,  as  it  is  termed,  of 
some  more  valuable  metal,  chiefly  tin,  silver,  and  gold. 

Those  buttons  intended  to  be  covered  with  silk,  &c.  are  termed,  in  general,  moulds. 
They  are  small  circles,  perforated  in  the  centre,  and  made  from  those  refuse  chips  of  bone 
which  are  too  small  for  other  purposes.  These  chips,  which,  for  the  large  and  coarser 
buttons,  are  pieces  of  hard  wood,  are  sawn  into  thin  flakes,  of  an  equal  thickness ;  from 
which,  by  a  machine,  the  button  moulds  are  cut  out  at  two  operations. 

The  shavings,  sawdust,  and  more  minute  fragments,  are  used  by  manufacturers  of 
cutlery  and  iron  toys,  in  the  operations  of  case-hardening ;  so  that  not  the  smallest  waste 
takes  place. 

Metal  buttons  are  formed  of  an  inferior  kind  of  brass,  pewter,  and  other  metallic 
compositions :  the  shanks  are  made  of  brass  or  iron  wire,  the  formation  of  which  is  a 
distinct  trade.  The  buttons  are  made  by  casting  them  round  the  shank.  For  this 
purpose  the  workman  has  a  pattern  of  metal,  consisting  of  a  great  number  of  circular 
buttons,  connected  together  in  one  plane  by  very  small  bars  from  one  to  the  next ;  and 
the  pattern  contains  from  four  to  twelve  dozen  of  buttons  of  the  same  size.  An 
impression  from  this  pattern  is  taken  in  sand  in  the  usual  manner ;  and  shanks  are 
pressed  into  the  sand  in  the  centre  of  each  impression,  the  part  which  is  to  enter  the 
metal  being  left  projecting  above  the  surface  of  the  sand.  The  buttons  are  now  cast 
from  a  mixture  of  brass  and  tin  ;  sometimes  a  small  proportion  of  zinc  is  added,  which 
is  found  useful  in  causing  the  metal  to  flow  freely  into  the  mould,  and  make  a  sharp 
casting.  When  the  buttons  are  cast,  they  are  cleaned  from  the  sand  by  brushing; 
they  are  then  broken  asunder,  and  carried  to  a  second  workman  at  the  lathe,  who  in- 
serts the  shank  of  a  button  into  a  chuck  of  a  proper  figure,  in  which  it  is  retained  by 
the  back  centre  of  the  lathe  being  pressed  against  the  button  with  a  spring.  The  cir- 
cumference is  now,  by  filing  it  as  it  turns  round,  reduced  to  a  true  circle ;  and  the  button 
is  instantly  released  by  the  workman's  holding  back  the  centre,  and  is  replaced  by 
another.  A  third  workman  now  turns  the  back  of  the  button  smooth,  in  a  chuck  lathe, 
and  makes  the  projecting  part  round  the  shank  true  ;  and  a  fourth  renders  the  face  of 
the  button  smooth,  by  placing  it  in  a  chuck,  and  applying  the  edge  of  a  square  bar  of 
steel  across  its  centre. 

Gilt  buttons  are  stamped  out  from  copper,  (having  sometimes  a  small  alloy  of  zinc,) 
laminated  in  the  flatting  mill  to  the  proper  thickness.  The  stamp  is  urged  by  a  fly- 
press,  which  cuts  them  out  at  one  stroke.  These  circular  pieces,  called  blanks,  are  an- 
nealed in  a  furnace  to  soften  them ;  and  the  maker's  name,  &c.  is  struck  on  the  back  by 
a  monkey,  which  is  a  machine  very  similar  to  a  pile-engine.  This  stamp  also  renders 
the  face  very  slightly  convex,  that  the  buttons  may  not  stick  together  in  the  gilding 
process.  The  shanks  are  next  soldered  on.  The  burnishing  is  performed  by  a  piece  of 
hematites  or  blood-stone,  fixed  into  a  handle,  and  applied  to  the  button  as  it  revolves  by 
the  motion  of  the  lathe. 

A  great  number  of  the  buttons,  thus  prepared  for  gilding,  are  put  into  an  earthen  pan, 
with  the  proper  quantity  of  gold  to  cover  them,*  amalgamated  with  mercury  in  the  fol- 

*  By  art  of  parliament  5  grains  of  gold  are  allotted  for  the  purpose  of  gilding  144  buttons,  though  they  may 
be  tolerably  well  gilt  by  half  that  quantity.  In  this  last  case,  the  thickness  would  be  about  the  214,000th 
part  of  an  inch. 
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.owing  manner :  —  The  gold  is  put  into  an  iron  ladle,  and  a  small  quantity  of  mer- 
cury added  to  it ;  the  ladle  is  held  over  the  fire,  till  the  gold  and  mercury  are  per- 
fectly united.  This  amalgam  being  put  into  the  pan  with  the  buttons,  as  much 
aquafortis,  diluted  with  water,  as  will  wet  them  all  over,  is  thrown  in,  and  they  are 
stirred  up  with  a  brush,  till  the  acid,  by  its  affinity  to  the  copper,  carries  the  amalgam 
to  every  part  of  its  surface,  covering  it  with  the  appearance  of  silver.  When  this  is 
perfected,  the  acid  is  washed  away  with  clean  water.  This  process  by  the  workman  is 
called  quicking. 

I'he  old  process  in  gilding  buttons,  called  the  drying  off,  was  exceedingly  pernicious 
to  the  operator,  as  he  inhaled  the  vapor  of  the  mercury,  which  is  well  known  to  be 
a  violent  poison.  In  order  to  obviate  this,  the  following  plan  of  apparatus  has 
been  employed  with  success.  The  vapor,  as  it  rises  from  the  pan  of  buttons  heated 
by  a  charcoal  fire,  is  conducted  into  an  oblong  iron  flue  or  gallery,  gently  sloped  down- 
wards, having  at  its  end  a  small  vertical  tube  dipping  into  a  water  cistern,  for  condensing 
the  mercury,  and  a  large  vertical  pipe  for  promoting  the  di-aught  of  the  products  of  the 
combustion. 

Plated  buttons  are  stamped  by  the  fly-press,  out  of  copper-plate,  covered  on  one  side 
with  silver  at  the  flatting-mill.  The  copper  side  is  placed  upwards  in  stamping,  and 
the  die  or  hole  through  which  they  are  stamped  is  rather  chamfered  at  its  edge,  to  make 
the  silver  turn  over  the  edge  of  the  button.  The  backs  are  stamped  in  the  same 
manner  as  the  gilt  buttons.  The  shanks  are  soldered  on  with  silver  solder,  and  heated  one 
by  one  in  the  flame  of  a  lamp,  with  a  blow-pipe  urged  by  bellows.  The  edges  are  now 
filed  smooth  in  the  lathe,  care  being  taken  not  to  remove  any  of  the  silver  which  is  turn- 
ed over  the  edge.  They  are  next  dipped  in  acid,  to  clean  the  backs,  and  boiled  in  cream 
of  tartar  and  silver,  to  whiten  them;  after  which  they  are  burnished,  the  backs  being 
first  brushed  clean  by  a  brush  held  against  them  as  they  revolve  in  the  lathe.  The  mode 
of  burnishing  is  the  same  as  for  gilt  buttons. 

Button  shanks  are  made  by  hand  from  brass  or  iron  wire,  bent  and  cut  by  the  follow- 
ing means : — 

The  wiie  is  lapped  spirally  round  a  piece  of  steel  bar.  The  steel  is  turned  round  by 
screwing  it  into  the  end  of  the  spindle  of  a  lathe,  and  the  wire  by  this  means  lapped 
close  round  it  till  it  is  covered.  The  coil  of  wire  thus  formed  is  slipped  off,  and  a  wire 
fork  or  staple  with  parallel  legs  put  into  it.  It  is  now  laid  upon  an  anvil,  and  by  a 
punch  the  coil  of  wire  is  struck  down  between  the  two  prongs  of  the  fork,  so  as  to  form 
a  figure  8,  a  little  open  in  the  middle.  The  punch  has  an  edge  which  marks  the  middle 
of  the  8,  and  the  coil  being  cut  open  by  a  pair  of  shears  along  this  mark,  divides  each 
turn  of  the  coil  into  two  perfect  button  shanks  or  eyes. 


i 

i 

Mr.  Holmes,  of  Birmingham,  obtained  in  May,  1833,  a  patent  for  an  improved  con- 
struction of  buttons.  Fig.  185  represents  the  outside  appearance  of  one  of  his 
improved  shanks,  as  raised  or  formed  out  of  the  disc  of  metal  which  is  to  constitute  the 
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back  of  the  button ;  fig.  186  an  edge  view,  looking  through  the  shank  or  loop ;  fig.  187  is 
another  edge  view,  looking  at  the  raised  shank  or  loop  endways ;  fig.  188  is  a  section 
taken  through  the  shank  and  disc  in  the  direction  of  the  dotted  line  a  b,  in  fig.  185  ;  and 
fig.  189  another  section  taken  in  the  direction  of  the  dotted  line  c  d,  in^ig.  185.  All  these 
figures  of  his  improved  shanks,  as  well  as  those  hereinafter  described,  together  with  the 
tools  used  to  form  the  same,  are  drawn  at  about  half  the  real  site,  to  shoAV  the  parts 
more  distinctly.  It  wiU  be  seen  that  the  shanks  or  loops  a  a  are  formed  by  partially 
cutting  and  raising,  or  forcing  up  a  portion  of  the  metal  disc  or  back  b,  and  are  com- 
pressed or  formed  by  the  action  of  the  tools,  or  punches  and  dies,  so  as  to  have  a  rounded 
figure  on  the  inside  of  the  top  part  of  the  shank,  as  at  c,  the  edges  of  the  metal  being 
turned  so  at  to  prevent  them  cutting  the  threads  by  which  the  button  is  fastened  to  the 
cloth  or  garment.  It  will  be  observed  that,  there  being  but  one  passage  or  way  through 
which  the  thread  can  be  passed  to  sew  on  the  button,  and  that  opening  being  rounded 
on  all  edges,  wiU  cause  the  threads  to  keep  in  the  centre  of  the  shanks,  the  form  of  the 
shank  allowing  a  much  neater  attachment  to  the  garment,  and  keeping  the  threads  from 
the  edges  of  the  metal.  The  ends  of  the  shank,  or  portions  e  e,  which  rise  up  from  the  disc 
or  back  b,  are  made  nearly  circular,  in  order  to  avoid  presenting  any  edges  of  the  metal 
to  the  sides  of  the  button  hole ;  and  when  the  shank  is  sewed  on  the  cloth,  it  forms,  in 
conjunction  with  the  threads,  a  round  attachment,  thereby  preventing  the  shank  from 
cutting  or  wearing  the  button-hole ;  the  threads,  when  the  shank  is  properly  sewed  to 
the  garment,  nearly  filling  up  the  opening  through  the  shank,  and  completing  that  portion 
of  the  circle  which  has  been  taken  out  of  the  shank  by  the  dies  in  forming  the  crescented 
parts  of  the  loop.  It  will  be  therefore  understood  that  the  intention  is,  that  the  inside 
edges  of  the  shank  should  be  turned  as  much  as  possible  away  from  the  threads  by  which 
the  button  is  sewed  on  the  cloth,  and  that  the  outside  of  the  shank  should  be  formed  so 
as  to  present  rounded  surfaces  to  the  button-hole,  and  that  the  thread  should  fill  up  the 
opening  through  the  shank,  so  as  to  produce  a  round  attachment  to  the  garment.  It  should 
here  be  observed,  that  the  backs  of  the  buttons  shown  in  these  figures  are  of  the  shape 
generally  used  for  buttons  covered  with  Florentine  or  other  fabric,  or  faced  with  plates  of 
thin  metal,  and  are  intended  to  have  the  edges  of  a  disc,  or  what  is  termed  a  shell,  form- 
ing the  face,  to  be  closed  in  upon  the  inclined  or  bevelled  edges  of  the  backs.  Having 
now  described  the  peculiar  form  of  the  improved  shanks  which  he  prefers,  for  buttons  to 
be  covered  with  Florentine  or  other  fabric,  or  shells  of  thin  metal  plate,  he  proceeds  to 
describe  some  of  the  difierent  variations  from  the  same. 

Fig.  190  is  a  representation  of  a  shank,  the  cut  through  the  disc  or  back  being  effected 
by  a  parallel  rib  on  the  die,  and  corresponding  groove  in  the  shaping  punch,  instead  of  the 
semicircular  or  crescented  cut  shown  in  ^g.  185;^g.  191  is  a  view  of  another  shank,  the  se- 
paration of  the  sides  of  the  loop  being  performed  by  straight  edges  in  both  punch  and  die. 
He  prefers  finishing  this  shaped  shank  (that  is,  giving  it  the  rounded  form,  to  prevent  its 
cutting  the  threads)  by  detached  punches,  and  dies,  or  pincers,  as  will  be  hereinafter  de- 
scribed. Fig.  192  is  a  representation  of  one  of  the  improved  shanks,  which  has  merely 
portions,  //,  of  the  back  of  the  button  connected  to  its  ends.  This  shank  may  be  used 
for  buttons  which  have  a  metal  shell  to  be  closed  in  upon  the  bevelled  edges  of  the  ends, 
or  the  shank  piece  may  be  otherwise  connected  to  the  face  part  of  the  button.  Fig.  193 
is  a  representation  of  a  shank  raised  out  of  a  small  disc  of  metal  g  g,  intended  to  be  sol- 
dered to  the  disc  of  metal  forming  the  button,  or  it  may  be  otherwise  fixed  to  the  back ; 
fig.  194  is  a  representation  of  another  shank  for  the  same  purpose,  having  only  portions 
of  metal  h  h,  for  soldering  or  otherwise  attaching  it  to  the  back  of  the  button,  as  by 
placing  a  ring  or  annular  piece  over  it  forming  the  back,  which  shall  be  confined  to  the 
face  as  before  described  ;  fig.  195  is  a  representation  of  a  shank  raised  upon  a  dish  or  bevel- 
led piece  of  metal,  and  is  intended  to  be  used  for  buttons  made  from  pearl-shell,  horn, 
wood,  paper,  or  other  substances.  The  back  part  of  the  button  has  a  dovetailed  recess 
formed  in  it  to  receive  the  dish-shaped  back,  which  is  pressed  into  the  recess,  the  edges 
of  the  dish  being  expanded  in  the  dovetailed  parts  of  the  recess  by  the  ordinary  moans, 
and  thereby  firmly  fixing  it  to  the  button,  as  shown  in  fig.  196. 

Having  now  explained  the  peculiar  forms  of  his  iinproved  shanks,  he  proceeds  to  describe 
the  tools,  or  punches  and  dies,  by  which  he  cuts  the  disc  or  back  from  out  of  a  sheet  of  metal, 
and  at  the  same  operation  produces  and  forms  the  shank  complete.  Fig.  197  is  a  longitu- 
dinal section  taken  through  a  pair  of  dies  and  punches  when  separated ;  fig.  198  is  a  similar 
section,  taken  when  they  are  put  together,  and  in  the  act  of  forming  a  shank  after  cutting 
out  the  disc  or  back  of  the  button  from  a  sheet  of  metal ;  fig.  199  is  a  face  view  of  the 
punch  ;  and  fig.  200  is  a  similar  representation  of  the  counter  die,  with  the  tools  complete ; 
a  is  the  punch  or  cutter,  and  b  the  counter  bed,  by  the  circular  edges  of  which  the  disc 
of  metal  is  cut  out  of  the  sheet ;  c  is  a  die,  fixed  in  the  cutter  a  (upon  which  the  name 
of  the  button-maker  maybe  engraved).  Fig.  201  is  a  face  view  of  this  die  when  removed 
out  of  the  punch ;  d  is  the  counter  die  to  the  die  c.  It  will  be  perceived  that  these  dies 
c  and  d,  together  with  the  punch  and  bed,  compress  the  disc  of  metal  into  the  form  re- 
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quired  for  the  back  of  the  button ;  that  shown  in  the  figures,  as  before  stated,  is  of  the 
shape  u?ed  for  buttons  to  be  covered  with  Florentine  or  thin  plate  metal,  in  a  round 
shell  closed  in  upon  the  inclined  or  bevelled  edge  of  the  back ;  e  is  the  cutting  and 
shaping  punch  of  the  shank,  which  is  fixed  within  the  counter  die;  this  punch  cuts 
through  the  metal  of  the  disc,  and  forms  the  shank  as  the  dies  approach  nearer  together, 
by  raising  or  forcing  it  up  into  the  recess  or  opening  in  the  die  c,  where  it  is  met  by  the 
end  of  another  shaping  punch  /,  fixed  in  the  punch  a,  which  compresses  the  upper  part 
of  the  shank  into  the  recess  g,  in  the  end  of  the  punch  e,  thereby  giving  the  shank  its 
rounded  figure,  and  at  the  same  time  forming  the  other  part  of  the  shank  into  the  required 
shape,  as  described  at  figs.  185  to  189.  The  ends  of  these  shaping  punches  fit  into  and 
over  each  other,  as  will  be  seen  by  the  detached  figures  of  the  punches  designed  for  form- 
ing the  shank  first  described.  Fig.  202  is  a  representation  of  the  punches  when  apart  and 
removed  out  of  the  dies;  fig.  203  is  a  longitudinal  section  of  the  same;  fig.  204  is  another 
view  of  the  punches  as  seen  on  the  top.  The  sharp  edge  of  the  recess  h,  in  the  punch  c, 
comes  in  contact  with  the  cutting  edges  of  the  projecting  rib  i  of  the  die  c,  and  thereby 
cuts  through  so  much  of  the  metal  as  is  required.  The  edge  k  of  this  die  keeps  the  out- 
side ends  of  the  shank  of  a  spherical  figure,  as  before  explained,  while  the  punches  force 
up  the  metal,  and  form  the  elevated  loop  or  shank :  u  u  are  holes  made  through  the  coun- 
ter die  d,  for  the  passage  of  clearing  pins,  which  force  out  the  shank  or  back  piece  from 
the  counter  die  when  finished;  the  operation  of  which  will  be  shown  when  describing  the 
machinery  hereafter.  There  are  adjusting  screws  at  the  back  of  the  punches  and  dies, 
by  which  they  can  be  regulated  and  brought  to  their  proper  position  one  to  the  other. 

Although  he  has  shown  the  punches  which  form  his  improved  shanks,  fixed  into  and 
working  in  conjunction  with  the  punch  and  dies  which  cut  out  and  shape  the  discs  of 
metal  for  the  back  of  the  button,  yet  he  does  not  intend  to  confine  himself  to  that  mode 
of  usin?  them,  as  flat  blanks  or  discs  for  the  backs  of  buttons  may  be  cut  out  in  a 
separate  stamping  press,  and  afterwards  shaped  in  the  same  press  or  in  another,  and  then 
brought  under  the  operation  of  the  punches  which  form  his  improved  shanks,  fixed  in 
any  suitable  press.  This  last  mentioned  mode  of  producing  button  shanks  and  backs 
he  prefers  when  such  metals  are  employed  as  require  annealing  between  the  operations 
of  shaping  the  backs  and  forming  the  shank.  Fig.  205  is  a  section  taken  through  a 
pair  of  dies,  in  which  the  operation  only  of  forming  the  shank  is  to  be  performed,  the 
backs  being  previously  shaped  in  another  press.  In  this  instance  the  punches  e  and  / 
are  mounted  in  guide-pieces  m  and  n,  which  keep  them  in  the  proper  position  towards 
each  other,  the  die  c  being  mounted  in  the  piece  a,  and  acting  against  the  face  of  the 
guide  m.  The  blanks  or  backs  of  the  buttons  may  be  fed  into  these  dies  by  hand  or  any 
other  means ;  and  after  the  shank  is  formed,  the  finished  back  can  be  pushed  out  of  the 
lower  die  by  clearing  rods  passed  through  the  holes  u  u  and  removed  by  hand,  or  in  any 
convenient  manner. 

When  his  improved  shanks  are  formed  out  of  iron  or  other  metal  which  is  too  brittle  to 
allow  of  the  shank  being  forced  up  and  finished  at  one  operation  in  the  dies  and  punches, 
he  prefers  cutting  out  and  shaping  the  blank  or  back  of  the  button  first,  and  after  an- 
nealing it,  to  raise  or  force  up  the  portion  of  metal  to  form  the  shank  into  the  shape 
shown  in  fig.  206,  that  is,  without  the  edges  of  the  metal  being  turned  to  prevent  their 
cutting  the  threads,  and  after  again  annealing  it,  to  bend  or  turn  the  edges  into  the 
shape  shown  in  fig.  191  by  means  of  suitable  punches  in  another  press,  or  by  a  pair  of 
pincers  and  punch  as  shown  in  fig.  207,  which  is  a  side  view  of  a  small  apparatus  to  be 
used  for  turning  the  edges  of  the  shank  by  hand,  with  a  partly  formed  shank  seen  under 
operation,  a,  is  the  upper  jaw  of  a  pair  of  pincers,  this  jaw  being  fixed  on  to  the  head 
of  the  standard 6;  the  under  jaw  c,  is  formed  by  the  end  of  the  lever  or  handle  d,  which 
has  its  fulcrum  in  the  standard  b.  e  is  a  small  punch,  passed  through  a  guide  hole  in 
the  head  of  the  standard,  one  end  projecting  into  the  jaws  of  the  pincers,  the  other 
against  a  piece  /,  attached  by  a  joint  to  the  lever  d,  and  working  through  a  slot  in  the 
head  of  the  standard ;  this  piece  f,  has  an  inclined  plane  on  the  side  next  the  end  of  the 
punch,  which,  in  its  descent,  projects  the  punch  forward  against  the  top  of  the  loop  of 
the  shank,  (placed  at  g,)  as  the  pincers  are  closed  by  forcing  down  the  lever  d,  and,  in 
conjunction  with  the  jaws  of  the  pincers,  compresses  the  shank  into  the  required  form,  as 
shown  at  h,  and  in  the  enlarged  _^g.  191.  A  spring,  i,  acts  against  a  pin  fixed  into  the 
punch  e,  for  the  purpose  of  bringing  it  back  as  the  jaws  open  after  forming  a  shank. 
Figx.  208  and  209  represent  the  face  and  section  of  the  dies  mentioned  before,  for  cutting 
the  slits  in  the  discs,  as  at  fig.  190. 

Having  explained  the  peculiar  forms  of  his  improved  metallic  shanks  for  buttons, 
and  the  tools  employed  in  making  the  same,  he  proceeds  to  describe  the  machinery  or 
apparatus  by  which  he  intends  to  carry  his  invention  into  effect.  He  proposes  to  take 
a  sheet  of  metal,  say  about  30  or  40  feet  long,  and  of  the  proper  width  and  thickness; 
which  thin  sheet  is  to  be  wound  upon  a  roller,  and  placed  above  the  machine,  so  that  it 
can  be  easily  drawn  down  into  the  machine  as  required  for  feeding  the  punches  and 
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dies.  Fig.  210  is  a  plan  view  of  a  machine,  intended  to  work  any  convenient  number 
ol'  sets  of  punches  and  dies  placed  in  rows.  Eleven  sets  of  punches  and  dies  are  re- 
presented, each  set  being 
210  lllilllll  lllilMlHI  constructed  as  described 

wnder  figs.  197  to  204; 
fig.  211  is  a  side  view, 
and  fig.  212  a  lonsitudi- 
nal  seclion,  taken  through 
the  machine ;  ftg.^.  213 
and  214  are  transverse 
sections  taken  through 
the  machine  between  the 
punches  and  counter  dies, 
fig.  213  representing  its 
appearance  at  the  face 
of  the  punches,  and  fig. 
214  the  opposite  view 
of  the  counter  dies,  a  a 
are  the  punches ;  b  b 
the  counter  dies ;  each 
being  mounted  in  rows 
in  the  steel  plates  c  c, 
fixed  upon  two  strong 
bars  d  and  e,  by  coun- 
tersunk screws  and  nuts, 
the  punches  and  dies  be- 
ing retained  in  their 
proper  position  by  the 
plates,  which  are  screwed 
on  to  the  front  of  the 
steel  plates,  and  press 
against  the  collars  of  the 
punches  and  dies.  The 
bars  d  and  e  are  bothv 
mounted  on  the  guide- 
pins  g  g,  fixed  in  the 
heads  h  h  cC  the  frame, 
which  guide  pins  pass 
through  the  bosses  on 
the  ends  of  the  bars. 
The  bar  d  is  stationary 
upon  the  guide  pins,  be- 
ing fixed  to  the  heads 
h  h,  by  nuts  and  screws 
passed  thi'ough  ears  cast 
on  their  bosses.  The  bar 
e  slides  freely  upon  the 
guide  pins  g  g,  as  it  is 
moved  backwards  and  forwards  by  the  crank  i  i,  and  connectin?-rods  j  j,  as  the  crank 
shaft  revolves.  The  sheet  of  thin  iron  to  be  operated  upon  is  placed,  as  before  stated,  above 
the  machine ;  its  end  being  brought  down  as  at  a  a,  and  passed  between  the  guide  rod 
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and  clearing-plate  fc,  and  betwen  the  pair  of  feeding-rollers  1 1,  which,  by  revolving, 
draw  down  a  farther  portion  of  the  sheet  of  metal  betweea  the  punches  and  dies,  after 
each  operation  of  the  pu'ches. 
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As  the  counter  dies  advance  towards  the  punches,  they  first  come  in  contact  with  the 
sheet  of  metal  to  be  operated  upon ;  and  after  having  produced  the  pressure  which  cuts 
out  the  discs,  the  perforations  of  the  sheet  are  pushed  on  to  the  ends  of  the  punches  by  the 
counter  dies ;  and  in  order  that  the  sheet  may  be  allowed  to  advance,  the  carriage  which 
supports  the  axles  of  the  feeding-rollers,  with  the  guide  rod  and  clearing-plate,  are  made 
to  slide  by  means  of  the  pin  m,  which  works  in  a  slot  in  the  sliding-piece  n,  bearing  the 
axis  of  the  feeding-roller  /  /,  the  slide  ?i  being  kept  in  its  place  on  the  framework  by 
dovetailed  guides  shown  in  fig.  214. 

When  the  counter  dies  have  advanced  near  to  the  sheet  of  metal,  the  pin  m  comes 
in  contact  with  that  end  of  the  slot  in  the  piece  n  which  is  next  to  the  punches,  and 
forces  the  carriage  with  feed-rollers  and  clearing-plate,  and  also  the  sheet  of  metal,  on- 
wards, as  the  dies  are  advanced  by  the  reaction  of  the  cranks ;  and  after  they  have  cut 
cut  the  discs,  and  raised  the  shanks,  the  sheet  of  metal  will  remain  upon  the  punches ; 
and  when  the  bar  e  returns,  the  finished  backs  and  shanks  are  forced  out  of  the  coun- 
ter dies,  by  the  clearing-pins  and  rods  o  o,  which  project  through  the  bar  e,  and  through 
the  holes  before  mentioned  in  the  counter  dies ;  these  clearing-pins  being  stationary  be- 
tween the  bars  p  p,  mounted  upon  the  standard  q  q,  on  the  cross  bar  of  the  frame,  as 
shown  in^g*.  210,  212,  213.  Immediately  after  this  is  done,  the  pins  tn  come  in  contact 
with  the  other  ends  of  the  slots  in  the  pieces  n,  and  draw  back  the  feeding-rollers  1 1,  to- 
gether with  the  clearing-plate  k,  and  the  sheet  of  metal,  away  from  the  punches  into  the 
position  represented  in  the  figures. 

At  this  lime  the  feeding  of  the  metal  into  the  machine  is  eflfected  by  a  crank-pin,  r,  on 
the  end  of  the  crank-shafts  coming  in  contact  with  the  bent  end  of  the  sliding-bar  s, 
supported  in  standards  t  t ;  and  as  the  crank-shaft  revolves,  this  pin  r  forces  the  bar  s 
forward,  and  causes  the  tooth  or  pall  m,  on  its  reverse  end,  to  drive  the  racket-wheel  v, 
one  or  more  teeth ;  and  as  the  lacket-wheel  v  is  fixed  on  to  the  end  of  the  axle  of  one 
of  the  rollers  /,  it  will  cause  that  roller  to  revolve ;  and  by  means  of  the  pair  of  spur- 
pinions  on  the  other  ends  of  the  axles  of  the  feeding-rollers,  they  will  both  revolve 
simultaneously,  and  thereby  draw  down  the  sheet  of  metal  into  the  machine.  It  will 
be  perceived  that  the  standards  which  support  the  clearing-plate  and  guide-bar  are  car- 
ried by  the  axles  of  the  feeding-rollers,  and  partake  of  their  sliding  motion :  also  that 
the  clearing-pins  o,  are  made  adjustable  between  the  bars  p,  to  correspond  with  the 
counter  dies.  There  is  an  adjustable  sliding  stop  x  upon  the  bar  s,  which  comes  in 
contact  with  the  back  standard  t,  and  prevents  the  bar  s  sliding  back  too  far,  and  con- 
sequently regulates  the  quantity  of  sheet  metal  to  be  fed  into  the  machine  by  the  pall 
and  ratchet-wheel,  in  order  to  suit  different  sizes  of  punches  and  dies.  In  case  the 
weight  of  the  bar  c,  carrying  the  counter  dies,  should  wear  upon  its  bearings,  the  guide 
pins  g  g,  have  small  friction-rollers  y  y,  shown  under  the  bosses  of  this  bar,  which  friction- 
rollers  run  upon  adjustable  beds  or  planes  2  z,  by  which  means  the  guide  pins  may 
be  partially  relieved  from  the  weight  of  the  bar  c,  and  the  friction  consequently 
diminished. 


CABLE.  (Cable,  Fr. ;  jlnkertau,  Germ.)  A  strong  rope  or  chain,  connecting  the 
ship  with  the  anchor  for  the  purpose  of  mooring  it  to  the  ground.  The  sheet  anchor 
cable  is  the  strongest,  and  is  used  at  sea;  the  stream  cable  is  more  slender,  being 
used  chiefly  in  rivers.  A  cable's  length  is  120  fathoms.  The  greatest  improvement 
in  mooring  vessels  has  been  the  introduction  of  the  chain  cable,  which,  when  duly 
let  out,  affords  in  the  weight  of  its  long  catenary  curve,  an  elastic  tension  and  play 
to  the  ship  under  the  pressure  of  wind.  The  dead  strain  upon  the  anchor  is 
thus  greatly  reduced,  and  the  sudden  pull  by  which  the  flukes  or  arms  are  readily 
snapped  is  in  a  great  measure  obviated.  The  best  iron  cables  are  chains  made 
of  links,  bound  and  braced  by  rods  across  their  middle.  Experience  has  taught  that 
the  ends  of  these  links  wear  out  much  sooner  than  the  sides.  To  remedy  this  evil,  Mr. 
Hawkes,  iron  manufacturer,  obtained  a  patent  in  July,  1828,  for  constructing  these 
anchor  chains  with  links  considerably  stouter  at  the  ends  than  in  the  middle.  With 
this  view,  he  forms  the  short  rods  of  iron,  of  which  the  links  are  to  be  made,  with  swells 
or  protuberances  about  one  third  of  their  length  from  each  of  their  ends,  so  that  when 
these  are  welded  together,  the  slenderer  parts  are  at  the  sides,  and  the  thicker  at  the  ends 
of  the  elliptic  links.  Such  rods  as  the  above  are  formed  at  once  by  rolling,  swagging,  or 
any  other  means.  When  the  link  is  welded,  it  may  be  strengthened,  by  a  brace  or 
stretcher  fixed  across  the  middle. 

The  first  avowed  proposal  to  substitute  iron  cables  for  cordage  in  the  sea  service,  was 
made  by  Mr.  Slater,  surgeon  of  the  navy,  who  obtained  a  patent  for  the  plan  in  1808, 
though  he  does  not  seem  to  have  had  the  means  of  carrying  it  into  effect ;  a  very  general 
misfortune   with  ingenious   projectors.     It  was   Captain   Brown  of  the  West  India 
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merchant  service  who,  in  1811,  first  employed  chain  cables  in  the  vessel  Penelope,  of 
400  tons  burden,  of  which  he  was  captain.  He  made  a  voyage  in  this  ship  from  England 
to  Martinique  and  Guadaloupe  and  home  again,  in  the  course  of  four  months,  liaving 
anchored  many  times  in  every  variety  of  ground  witliout  any  accident.  He  multiplied 
his  trials,  and  acquired  certain  proofs  that  iron  might  be  substitvited  for  hemp  in  making 
cables,  not  only  for  mooring  vessels,  but  for  the  standing  rigging.  Since  this  period 
chain  cables  have  been  universally  introduced  into  all  the  ships  of  the  royal  navy,  but 
the  twisted  links  employed  at  first  by  Brown  have,  been  replaced  by  straight  ones,  stayed 
in  the  middle  with  a  cross  rod,  the  contrivance  of  Mr.  Brunton,  which  was  secured  by 
patent  in  this  country  and  in  France ;  but  the  latter  patent  was  suflered  to  fall  from  not 
being  acted  upon  within  the  two  years  specified  by  law. 

The  first  thing  to  be  considered  in  the  manufacture  of  iron  cables  is,  to  procure  a  ma- 
terial of  the  best  quality,  and,  in  using  it,  always  to  keep  in  view  the  direction  of  the 
strain,  in  order  to  oppose  the  maximum  strength  of  the  iron  to  it.  The  best  form  of  the 
links  may  be  deduced  from  the  following  investigation. 

Let  A  B,fig.  215,  be  a  circular  link  or  ring,  of  one  inch  rod  iron,  tlie 
outer   circumference  of  the  ring  being    15  inches,  and  the  inner  9. 
If  equal  opposite  forces  be    applied  to    the    two  points  of  the  link 
jFc  D,  pulling  c  towards  e,  and  d  towards  f,  the   result  will  be,  when 
the  forces  are  sufficiently  intense,  that  the  circular  form  of  the  link 
will  be    changed  into    another    form  with    two  round  ends  and  two 
parallel  sides,  as  seen  in  fig.  216.     The  ratio  of  the  exterior  to  the 
interior  periphery,  which  was  orig;inal]y  as  15  to  9,  or  5  to  3,  is  no 
longer  the  same  in  fig.  216.     Hence  there  will  be  a  derangement  in 
'the   relative  position  of  the  component   particles,  and  consequently 
"y     7^^      "^  their   cohesion   will    be   progressively  impaired,  and   eventually   de- 
■^— ^  stroyed.     In  fig.  215,  the  segment  m  n  of  the  outside  periphery  being 

equal  to  3  inches,  the  corresponding  inside  segment  will  be  ^  of  it,  or  ]-|  inches.  If 
this  portion  of  the  link,  in  consequence  of  the  stretching  force,  comes  to  be  extended 
into  a  straight  line,  as  shown  in  fig.  216,  the  corresponding  segments,  interior  and 
exterior,  must  both  be  reduced  to  an  equal  length.  The  matter  contained  in  the  3 
inches  of  the  outside  periphery  must  therefore  be  either  compressed,  that  is,  condensed 
into  1^  inches,  or  the  inside  periphery,  which  is  only  1 A  inches  already,  must  be  extended  to 
3  inches;  that  is  to  say,  the  exterior  condensation  and  the  interior  expansion  must  take 
place  in  a  reciprocal  proportion.  But,  in  every  case,  it  is  impossible  to  effect  this  con- 
traction of  one  side  of  the  rod,  and  extension  oi^the  other,  without  disrupture  of  the  link. 
Let  us  imagine  the  outside  periphery  divided  into  an  infinity  of  points,  upon  each  of 
which  equal  opposite  forces  act  to  straighten  the  curvature  :  they  must  undoubtedly  occa- 
sion the  rupture  of  the  corresponding  part  of  the  internal  periphery.  This  is  not  the 
sole  injury  which  must  result;  others  will  occur,  as  we  shall  perceive  in  considering  what 
passes  in  the  portion  of  the  link  which  surrounds  c  v,fig.  216.  whose  length  is  4^  inches 
outside,  and  2,L  inside.  The  segments  m  p  and  n  o,  fig.  215,  are  actually  reduced  to 
semi-circumferences,  which  are  inside  no  more  than  half  an  inch,  and  outside  as  before. 
There  is  thus  contraction  in  the  interior,  with  a  quicker  curvature  or  one  of  shorter 
radius  in  the  exterior.  The  derangement  of  the  particles  takes  place  here,  in  an  order 
inverse  to  that  of  the  preceding  case,  but  it  no  less  tends  to  diminish  the  strength  of  that 
portion  of  the  link;  whence  we  may  certainly  conclude  that  the  circular  form  of  cable 
links  is  an  extremely  faulty  one. 

Leaving  matters  as  we  have  supposed  in  fig.  215,  but  suppose  that  g  is  a  rod  introduced 
into  the  mail,  hindering  its  two  opposite  points  a  b  from  approximating.  This  circum- 
217     ^__^  stance  makes  a  remarkable  change  in  the  results.     The  link  pulled  as 

above  described,  must  assume  the  quadrilateral  form  shown  in  fig.  217. 
It  offers  more  resistance  to  deformation  than  before ;  but  as  it  may  still 
suffer  change  of  shape,  it  will  lose  strength  in  so  doing,  and  cannot 
therefore  be  recommended  for  the  construction  of  cables  which  are  to  be 
exposed  to  very  severe  strains. 
Supposing  still  the  link  to  be  circular,  if  the  ends  of  the  stay  comprehended  a  larger 
portion  of  the  interna]  periphery,  so  as  to  leave  merely  the  space  necessary  for  the  plan 
of  the  next  link,  there  can  be  no  doubt  of  its  opposing  more  efTectively  the  change  of 
form,  and  thus  rendering  the  chain  stronger.  But,  notwithstanding,  the  circular  portions 
which  remain  between  the  points  of  application  of  the  strain  and  the  stay,  would  tend 
always  to  be  straightened,  and  of  consequence  to  be  destroyed.  Besides,  though  we 
could  construct  circular  links  of  sufficient  strength  to  bear  all  strains,  we  ought  still  to 
reject  them,  because  they  would  consume  more  materials  than  links  of  a  more  suitable 
form,  as  we  shall  presently  see. 
The  efifect  of  two  opposite  forces  applied  to  the  links  of  a  chain,  is,  as  we  have  seen, 
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to  reduce  to  a  straight  line  or  a  straight  plane  every  curved  part  which  is  not  stayed ; 
whence  it  is  obvious  that  twisted  links,  such  as  Bi-own  first  employed,  even  witli  a  stay 
in  their  middle,  must  of  necessity  be  straightened  out,  because  there  is  no  resistance  in 
the  direction  opposed  to  the  twist.  A  cable  formed  of  twisted  links,  for  a  vessel  of  400 
tons,  slretclies  30  feet,  when  put  to  the  trial  strain,  and  draws  backs  only  10  feet.  This 
e!onc:ation  of  20  feet  proceeds  evidently  from  the  straightening  of  the  twist  in  each  link, 
which  can  take  place  only  by  impairing  the  strength  of  the  cable. 

From  the  preceding  remarks,  it  appears  that  the  strongest  links  are  such  as  present,  in 
their  original  form,  straight  portions  between  the  points  of  tension ;  whence  it  is  clear 
that  links  with  parallel  sides  and  round  ends  would  be  preferable  to  all  others,  did  not 
a  good  cable  require  to  be  able  to  resist  a  laterfil  force,  as  well  as  one  in  the  direction  of 
its  length. 

Let  us  suppose  that  by  some  accident  the  link  fig.  216  should  have  its  two  extremities 
218   y2^  pulled  towards  Y  and  z,  whilst  an  obstacle  x,  placed  right  opposite  to 

JZ/gfOv  its  middle,  resisted  the  efibrt.  The  side  of  the  link  which  touches  x 
f\y^^-^^j\\  ^vould  be  bent  inwards  ;  but  if,  as  in  fig.  218,  there  is  a  stay  A  G  b,  the 
^^^^■hC^  I  two  sides  would  be  bent  at  the  same  time;  the  link  would  notwith- 
standing assume  a  faulty  shape. 
In  thus  rejecting  all  the  vicious  forms,  we  are  naturally  directed  to  that  which  deserves 
the  preference.  It  is  shown  in^ig.  219.  This  link  has  a  cast-iron  stay  with  large  ends; 
it  presents  in  all  directions  a  great  resistance  to  every 
change  of  form ;  for  let  it  be  pulled  in  the  direction  a  b, 
gainst  an  obstacle  c,  it  is  evident  that  the  portions  d  e 
and  df,  which  are  supported  by  the  parts  g  e  and  gf,  can- 
not get  deformed  or  be  broken  without  the  whole  link  giving 
way.  As  the  matter  composing  g  e  and  gf  cannot  be 
shortened,  or  that  which  composes  d  e  and  dfhe  lengthened,  these  four  sides  will  remain 
necessarily  in  their  relative  positions,  by  virtue  of  the  large-ended  stay  /),  whose  profile 
is  shown  in  fig.  220. 

We  have  examined  the  strength  of  a  link  in  every  di- 
rection, except  that  perpendicular  to  its  plane.  Fig.  221 
represents  the  assemblage  of  three  links  in  the  above 
predicament ;  but  we  ought  to  observe  that  the  obstacle  c, 
placed  between  the  links  A  u,  must  be  necessarily  very 
small,  and  could  not,  therefore,  resist  the  pressure  or  im- 
pact of  the  two  lateral  links. 
Process  of  manufacturing  iron  cables. — The  implements  and  operations  are  arranged 
iii  the  following  order  : — 

1.  A  reverberatory  furnace  (see  Iron),  in  which  a  number  of  rods  or  round  bars  of 
the  best  possible  wrought-iron,  and  of  proper  dimensions,  are  heated  to  bright  ignition. 

2.  Tiie  cutting  by  a  machine  of  these  bars,  in  equal  lengths,  but  with  opposite  bevels, 
to  allow  of  the  requisite  crossing  and  splicing  of  the  ends  in  the  act  of  welding. 

3.  The  bending  of  each  of  these  pieces  by  a  machine,  so  as  to  form  the  links;  the 
last  two  operations  are  done  rapidly  while  the  iron  is  red-hot. 

4.  The  welding  of  the  links  at  small  forge  fires,  fitted  with  tools  for  this  express 
purpose,  and  the  immediate  introduction  of  the  stay,  by  means  of  a  compound  lever 
press. 

5.  Proving  the  strength  of  the  cables  by  an  hydraulic  press,  worked  by  two  men  turn- 
ing a  winch  furnished  with  a  fly-wheel. 

The  furnace  is  like  those  used  in  the  sheet-iron  works,  but  somewhat  larger,  and  needs 
no  ppTticnlar  description  here. 

Figs.  222  and  223  are  a  plan  and  elevation  of  the  shears  with  which  the  rods  are  cut 
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into  equal  pieces,  for  forming  each  a  link.  It  is  moved  at  Mr.  Brunton's  factory  by  a 
small  steam  engine,  but,  for  the  sake  of  simplicity,  it  is  here  represented  worked  by  fout 
or  more  laborers,  as  it  may  be  in  any  establishment.    These  must  be  relieved,  however, 
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frequently  by  others,  for  I  believe  each  shears'  machine  is  calculated  to  require  nearly 
one  horse  in  steam  power.  It  is  portable,  and  must  be  placed  in  the  neighborhood  of 
both  the  furnace  and  bending  machine. 

A  and  b  are  the  two  cast-h'on  limbs  of  the  shears.     The  first  is  fixed,  and  the  second 
is  moveable  by  means  of  a  crank  shaft  c,  driven  by  a  heavy  fly-wheel  weighing  7  or  8  cwt. 


The  cutting  jaws  g  are  mounted  with  pieces  of  steel  which  are  made  fast  by  bolts,  and 
may  be  changed  at  pleasure. 

E,  the  bar  of  iron  to  be  cut.  It  is  subjected,  immediately  upon  being  taken  out  of  the 
fire,  to  the  shears,  under  a  detei'minate  uniform  angle,  care  being  taken  not  to  let  it 
turn  round  upon  its  axis,  lest  the  planes  of  the  successive  incisions  should  become  un- 
equal. 

F  is  a  stop  which  serves  to  determine,  for  the  same  kind  of  chain,  the  equality  of  length 
in  the  link  pieces. 

Figs.  224,  225,  226,  plan  and  elevations  of  the  machine  for  bending  the  links  into  an 
elliptic  form.     It  is  represented  at  the  moment  when  a  link  is  getting  bent  upon  it. 
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A  is  an  elliptic  mandrel  of  cast-iron ;  it  is  fixed  upon  the  top  of  a  wooden  pillar  b, 
solidly  supported  in  the  ground,  c  is  the  jaw  of  the  vice,  pressed  by  a  square-headed 
screw  agamst  the  mandrel  a. 

D  part  of  the  mandrel  comprehended  between  x  and  y,  formed  as  an  inclined  plane,  so 
as  to  preserve  an  mterval  equal  to  the  diameter  of  the  rod  between  the  two  surfaces  that 
are  to  be  welded  together. 

E  rectangular  slots  (shears)  passing  through  the  centre  of  the  nut  of  the  mandrel,  in 
Which  each  of  the  pins  f  may  be  freely  slidden. 

G  horizontal  lever  of  wrought-iron  six  feet  long.  It  carries  at  h  a  pulley  or  friction- 
roller  of  steel,  whose  position  may  be  altered  according  to  the  diameter  of  the  links.  It 
IS  obvious  that  as  many  mandrels  are  required  as  there  are  sizes  and  shapes  of  linki. 
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The  piece  of  iron  intended  to  form  a  link  Ijeing  cut,  is  carried,  while  red-hot,  to  the 
bending  machine,  where  it  is  seized  with  the  jaw  of  tiie  vice  c,  by  one  of  its  ends,  the 
slant  of  the  cut  bein?  turned  upwards  ;  this  piece  of  iron  has  now  the  horizontal  direction 
m  n ;  on  pushing  the  lever  g  in  the  line  of  the  arrow,  the  roller  h  will  force  m  n  to  be 
applied  successively  in  the  elliptic  groove  of  the  mandrel ;  thus  finally  the  two  faces  that 
are  to  be  welded  together  will  be  placed  right  opposite  each  other. 

The  length  of  the  small  diameter  of  the  ellipse  ought  to  exceed  by  a  little  the  length 
of  the  stay-piece,  to  allow  of  this  being  readily  introduced.  The  difference  between  the 
points  F  E,  is  equal  to  the  difference  of  the  radii  vectons  of  the  ellipse.  Hence  it  will  be 
always  easy  to  find  the  eccentricity  of  the  ellipse. 

Fig.  227  is  a  lever  press  for  squeezing  the  links  upon  their  stays,  after  the  links  are 
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welded.  This  machine  consists  of  a  strong  cast-iron  piece  a,  in  the  form  of  a  square,  of 
which  one  of  the  branches  is  laid  horizontally,  and  fixed  to  a  solid  bed  by  means  of 
bolts ;  the  other  branch,  composed  of  two  cheeks,  leaving  between  them  a  space  of  two 
inches,  stands  upright.  These  two  cheeks  are  united  at  top,  and  on  the  back  of  their 
plane  by  a  cross  piece  b.  c,  a  rectangular  staple,  placed  to  the  right  and  left  of  the  cheeks 
through  which  is  passed  the  mandrel  r,  which  represents  and  keeps  the  place  of  the  fol- 
lowing link.  E,  is  a  press  lever,  6  feet  long,  f,  clamp  and  counterclamp,  between  which 
the  link  is  pressed  at  the  moment  when  the  stay  is  properly  placed.  There  are  other 
clamps,  as  well  as  staples  c,  for  changing  with  each  changed  dimension  of  links. 

The  links  bent,  as  we  have  seen,  are  carried  to  the  forge  hearth  to  be  welded,  and  to  re- 
ceive their  stay  ;  two  operations  performed  at  one  heating.  Whenever  the  welding  is 
finished,  while  the  iron  is  still  red-hot,  the  link  is  placed  upright  between  the  clamps 
F;  then  a  workman  introduces  into  the  staple  the  mandrel  d,  and  now  applies  the  stay 
with  a  pair  of  ton?s  or  pincers,  while  another  workman  strikes  down  the  lever  e  forcibly 
upon  it.  This  mechanical  compression  first  of  all  joins  perfectly  the  sides  of  the  link 
against  the  concave  ends  of  the  stay,  and  afterwards  the  retraction  of  the  iron  on  cooling 
increases  still  more  this  compression. 

If  each  link  be  made  w'ith  the  same  care,  the  cable  must  be  sound  throughout.  It 
is  not  delivered  for  use,  however,  till  it  be  proved  by  the  hydraulic  press,  at  a  draw-bench 
made  on  purpose.  The  press  is  a  horizontal  one,  having  the  axis  of  its  ram  in  the 
middle  line  of  the  draw -bench,  which  is  about  60  feet  long,  and  is  secured  to  the  body  of 
the  press  by  strong  bolts. 

The  portion  of  chain  under  trial,  being  attached  at  the  one  end  to  the  end  of  the  ram 
.of  the  press,  and  at  the  other  to  a  cross-bar  at  the  extremity  of  the  draw-bench,  two 
men  put  the  press  in  action,  by  turning  the  winch,  which  works  by  a  triple  crank  three 
forcing  pumps  alternately ;  the  action  being  equalized  by  means  of  a  heavy  fly-wheel. 
As  long  as  the  resistance  does  not  exceed  the  force  of  two  men,  the  whole  three  pumps 
are  kept  in  play.  After  a  while  one  pump  is  thrown  out  of  gear  and  next  another, 
only  one  being  worked  towards  the  conclusion.  The  velocity  of  the  ram  being  retarded 
first  one  third  and  next  two  thirds,  gives  the  men  a  proportional  increase  of  mechanical 
power. 

The  strength  of  two  average  men  thus  applied  being  computed,  enables  us  to  know  at 
every  instant  the  resistance  opposed  by  the  chain  to  the  pressure  of  the  ram.  The  strain 
usually  applied  to  the  stronger  cables  is  about  500  tons. 

The  side  beams  of  the  draw-bench  are  of  cast-iron,  6  inches  in  diameter ;  the  dif- 
ferent pieces  composing  it  are  adjusted  to  each  other  endwise  by  turned  joints.  Props 
also  of  cast-iron  support  the  beams  two  feet  asunder,  and  at  the  height  of  30  inches 
above  the  ground.  The  space  between  Ihem  is  filled  with  an  oak  plank  on  which  the 
trial  chain  is  laid. 


CABLE. 
Strength  of  iron  cables  compared  to  hemp  cables : — 
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Iron  Cables. 
Diameter  of  Iron  Rod. 

Henip  Cables. 
Circumference  of  Rope. 

Resistance. 

Inches. 

Inches. 

Tons. 

01 

9 

12 

1 

10 

18 

11 

11 

26 

H 

12 

32 

h% 

13 

35 

If 

14  to  15 

38 

i| 

16 

44 

If 

17 

52 

If 

18 

60 

n 

20 

70 

2 

22  to  24 

80 

It  would  be  imprudent  to  put  hemp  cables  to  severer  strains  than  those  indicated  in 
the  preceding  table,  drawn  up  from  Brunton's  experiments ;  but  the  iron  cables  of  the 
above  sizes  will  support  a  double  strain  without  breaking.  The\  ought  never  in  com- 
mon cases,  however,  to  be  exposed  to  a  greater  stress.  A  cable  destmed  for  ships  of  a 
certain  tonnage,  should  not  be  employed  in  those  of  greater  burden.  Thus  treated  it 
may  be  always  trusted  to  do  its  duty,  and  will  last  longer  than  the  ship  to  which  it  be- 
longs. A  considerable  part  of  this  decided  superiority  which  iron  cables  have  over  hemp 
ones,  is  undoubtedly  due  to  the  admirable  form  contrived  by  Brunton.  Repeated 
experiments  have  proved  that  his  cables  possess  double  the  strength  of  the  iron  rods 
with  which  tliey  are  made  —  a  fact  which  demonstrates  that  no  stronger  form  can  be 
devised  or  is  in  fact  possible. 

One  of  the  most  valuable  qualities  of  iron  cables  is  their  resisting  lateral  as  well  as 
longitudinal  strains,  as  explained  wnder  Jigs.  219  and  221. 

Vessels  furnished  with  such  cables  have  been  saved  by  them  from  the  most  imminent 
peril.  The  Henry,  sent  out  with  army  stores  during  the  peninsular  war,  was  caught 
on  the  northern  coast  of  Spain  in  a  furious  storm.  She  run  for  shelter  into  the  Bay  of 
Biscay  among  the  rocks,  where  she  was  exjiosed  for  three  days  to  the  hurricane.  She 
possessed  lurtunately  one  of  Brunton's  70  fathom  chain  cables,  which  held  good  all  the 
time,  but  it  was  found  afterwards  to  have  had  the  links  of  its  lower  portion  polished 
bright  by  attrition  against  the  rocky  bottom.  A  hemp  cable  would  have  been  speedily 
torn  to  pieces  in  such  a  predicament. 

In  the  contracts  of  the  Admiralty  for  chain  cables  for  the  British  navy,  it  is  stipulated 
that  "  the  iron  shall  have  been  manufactured  in  the  best  manner  from  pig  iron,  smelted 
from  iron-stone  only,  and  selected  of  the  best  quality  for  the  purpose,  and  shall  not  have 
received,  in  any  process  whatever  subsequent  to  the  smelting,  the  admixture  of  either  the 
cinder  or  oxydes  produced  in  the  manufacture  of  iron  ;  and  shall  also  have  been  puddled 
in  the  best  manner  upon  iron  bottoms,  a;id  at  least  three  times  sufficiently  drawn  out  at 
three  distinct  welding  heats,  and  at  least  twice  properly  fagoted." 

The  following  is  a  table  of  the  breaking  proof  of  chain  cables,  and  of  the  iron  for  the 
purpose  of  making  them,  also  of  the  proofs  required  by  her  majesty's  navy  for  chains. 


Size  of  iJolt. 

Proof  of  Bolt. 

Proof  nf  Chain. 

Navy  Proof  of  Chain. 

Inches. 

Tons.         Ciot. 

Tons.         Cwt. 

Tons. 

3. 

5             7 

8         11 

^ 

5       *■ 

8 

8          7 

13           4 

H 

3 

4, 

12           1 

19           5 

m 

1 

16           4 

26           5 

13f 

1 

21          8 

34           5 

18 

H 

27          2 

48         15 

22f 

If 

33         10 

53          11 

28i 

If 

40         10 

65           0 

34 

1* 

48          4 

77           0 

40i 

^ 

56        11 

90         10 

47i 

H 

65         12 

105           0 

65i 

n 

75           6 

120         10 

63  i 

2 

85         14 

137          0 

72 

2i 

96         15 

1.55           0 

81i 

In  Brunton's  cable  the  matter  in  the  link  is  thrown  very  much  into  one  plane  ;  the 
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link  being  of  an  oval  form,  and  provided  with  a  stay.  As  there  are  emergencies  in  which 
the  cable  must  be  severed,  this  is  accomplished  in  those  of  iron  bj'  means  of  a  bolt  and 
sheckle  (shackle),  at  every  fathom  or  two  fathoms  ;  so  that  by  striking  out  this  bolt  or 
pin,  this  cable  is  parted  with  more  ease  than  a  hempen  one  can  be  cut. 

CACAO,  BUTTER  OF.     See  Cocoa,  and  Oils,  Unctuous. 

CADMIUM  is  a  metal  discovered  about  the  beginning  of  the  year  1818.  It  occurs 
chiefly  in  Silesia  in  several  ores  of  zinc ;  and  may  be  readily  recognised  by  means  of 
the  blowpipe ;  for  at  the  first  impression  of  the  reducing  or  smoky  part  of  the  flame,  the 
ores  containing  cadmium  stain  the  charcoal  all  round  them  with  a  reddish  yellow  circle 
of  oxyde  of  cadmium.  The  Silesian  native  oxyde  of  zinc  contains  from  1^  to  11  per 
cent,  of  cadmium. 

The  cadmium  may  be  extracted  by  dissolving  the  ore  in  sulphuric  acid,  leaving 
the  solution  acidulous,  and  diluting  it  with  water,  then  transmitting  through  it  a 
stream  of  sulphureted  hj'drcgen,  till  the  yellow  precipitate  ceases  to  fall.  This 
powder,  which  is  sulphuret  of  cadmium,  is  to  be  dissolved  in  concentrated  muri- 
atic acid,  the  excess  of  which  is  to  be  expelled  by  evaporation ;  and  the  muriatic 
salt  being  dissolved  in  water,  carbonate  of  ammonia  is  to  be  added  in  excess,  whereby 
the  cadmium  separates  as  a  carbonate,  while  the  small  portion  of  adhering  copper 
or  zinc  is  retained  in  solution  by  tlie  ammonia.  Herapath  has  shown,  that  in  distilling 
zinc  Tper  descensum  (see  Zinc),  the  first  portions  of  gaseous  metal  which  are  disengaged 
burn  with  a  brown  flame  and  deposite  the  brown  oxyde  of  cadmium. 

Cadmium  has  the  color  and  lustre  of  tin,  and  is  susceptible  of  a  fine  polish.  Its 
fracture  is  fibrous;  it  ci7stallizes  readily  in  regular  octahedrons,  and  when  it  suddenly 
solidifies,  its  surface  gets  covered  with  fine  mossy  vegetations.  It  is  soft,  easily  bent, 
filed,  and  cut,  soils  like  lead  any  surface  rubbed  with  it.  It  is  harder  and  more  tena- 
cious than  tin,  and  emits  a  creaking  sound  when  bent,  like  that  metal.  It  is  very  ductile, 
and  may  be  drawn  oat  into  fine  wire,  and  hammered  into  thin  leaves  without 
cracking  at  the  edges.  Its  specific  gravity,  after  being  merely  melted,  is  8*604;  and 
8-6944  after  it  has  been  hammered.  It  is  very  fusible,  melting  at  a  heat  much  under 
redness;  indeed,  at  a  temperature  little  exceeding  that  of  boiling  mercury,  it  boils  and 
distils  over  in  drops.  Its  vapors  have  no  smell.  It  is  but  slightly  altered  by  exposure 
to  air.  When  heated  in  the  atmospnere,  it  readily  takes  fire,  and  burns  with  a  brownish 
yellow  smoke  which  is  destitute  of  smell.  In  strong  acids  it  dissolves  with  disengage- 
ment of  hydrogen,  and  forms  colorless  solutions.  Chromale  of  potash  causes  no  pre- 
cipitate in  them,  unless  zinc  or  lead  be  present. 

There  is  only  one  oxyde  of  cadmium,  the  broAvn  above  mentioned.  Its  specific  gravity 
is  8' 183.  It  is  neither  fusible  nor  volatile  at  a  very  high  temperature.  When  in  the 
state  of  a  hydrate  it  is  white.  The  oxyde  of  cadmium  consists  of  87-45  parts  of  metal, 
and  12-55  oxygen  in  100  parts.  Berzelius  states  its  atomic  weight  to  be  55-833  to  hydro- 
gen 1-000.  Its  sulphuret  has  a  fine  orange  yellow  color,  and  would  form  a  beautiful 
pigment,  could  the  metal  be  found  in  sufficient  quantity  for  the  purposes  of  art.  The 
sulphate  is  applied  to  the  eyes  by  surgeons  for  removing  specks  of  the  cornea. 

CAFEINE.  A  chemical  principle  discovered  in  eoflte,  remarkable  for  containing 
much  azote.     See  Coffee. 

CAJEPUT  OIL  is  obtained  from  the  leaves  of  the  tree  called  Melaleuca  Leucaden- 
dron  by  Linn^eus,  which  grows  upon  the  mountains  of  Amboyna,  and  in  other  of  the 
Molucca  islands.  It  is  procured  by  distillation  of  the  dried  leaves  along  with  water,  is 
prepared  in  great  quantities  in  the  island  of  Banda,  and  sent  to  Holland  in  copper  flasks. 
Hence,  as  it  comes  to  us,  it  has  a  green  color.  It  is  very  limpid,  lighter  than  water,  of 
a  strong  smell  resembling  camphor,  and  pungent  taste  like  cardamoms.  When  rectified 
the  copper  remains  in  the  retort,  and  the  oil  comes  over  colorless.  It  is  used  in  medicine 
as  a  stimulant.     See  Oils  Ethereous. 

CALAMANCO.  A  sort  of  woollen  stufT  ei"  a  shining  appearance,  checkered  in  the 
warp,  so  that  the  checks  are  seen  only  upon  one  side. 

CALAMINE.     A  native  carbonate  of  zinc.     See  Zinc. 

CALCAREOUS  EARTH,  {Terre  calcaire,  Ft.  ;  Kalkerde,  Germ.),  commonly  de- 
notes  lime,  in  any  form ;  but,  properly  speaking,  it  is  pure  lime. 

CALCAREOUS  SPAR.     CrystaUized  native  carbonate  of  lime. 

CALCEDONY.  A  hard  mineral  of  the  silicious  family,  often  cut  into  seals.  Under 
it  may  be  grouped  common  calcedony,  heliotrope,  chrysoprase,  plasma,  onyx,  sardonyx, 
and  sard. 

CALCHANTUM.     The  ancient  name  of  native  copperas  or  sulphate  of  iron. 

CALCINATION  is  the  chemical  process  of  subjectins  melnllic  bodies  to  heat  with 
access  of  air,  whereby  they  are  converted  into  a  pulverulent  matter,  somewhat  like  lime 
in  appearance,  called  calx  in  Latin.  The  term  calcination,  however,  is  now  used  when 
any  substance  whatever  is  exposed  to  a  roasting  heat. 

CALCIUM.    The  metallic  basis  of  lime.     See  Lime. 
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CALC-SINTER.  The  incrustations  of  carbonate  of  lime  upon  the  ground,  or  the 
pendulous  conical  pieces  called  stalactites,  attached  to  (he  roofs  of  caverns,  are  so  called. 

CALC-TUrr.  A  semi-hard,  irregular  deposite  of  carbonate  of  lime,  formed  from 
the  waters  of  calcareous  springs. 

CALCULUS.  The  stony-looking  morbid  concretion,  occasionally  formed  in  the 
bladder  of  urine,  sail-bladder,  cystic  duct,  kidneys,  and  other  parts  of  living  animals. 
Its  examination  belongs  to  medical  chemistry. 

CALENDER  {Calandre,  Fr. ;  Kalander,  Germ.),  a  word  derived  fiom  the  Greek 
kalindros  ( cylinder),  is  the  name  of  a  machine,  consisting  of  two  or  more  cylinders,  revolving 
so  nearly  in  contact  with  each  other  tliat  cloth  passed  through  between  them  is  smoothed, 
and  even  glazed,  by  their  powerful  pressure.  It  is  employed  either  to  finish  goods  for  the 
market,  or  to  prepare  cotton  and  linen  webs  for  the  calico-printer,  by  rendering  their  sur- 
faces level,  compact,  and  uniform.  This  condensation  and  polish,  or  satinage,  as  the  French 
call  it,  ditier  in  degree  according  to  the  object  in  view,  and  may  be  arranged  into  three 
distinct  series.  1.  For  goods  which  are  to  receive  tlie  first  impression  by  the  block, 
a  very  strong  pressure  is  required;  for,  upon  the  uniformity  of  the  polish,  the  neatness 
and  regularity  of  the  printing,  and  the  correspondence  of  its  members,  depend.  In 
many  establishments  the  calico  is  passed  twice  through  the  calender  before  being  sent 
to  the  tables.  2.  The  pieces  already  dyed  up  at  the  madder  bath,  or  otherwise,  and 
which  remain  to  be  filled  in  with  other  colors,  or  groundcd-m,  as  it  is  technically  styled, 
must  receive  a  much  less  considerable  gloss.  This  is  a  principle  everywhere  admitted 
and  acted  upon,  because  the  outline  of  the  figured  design  being  deranged  by  the 
washing,  and  sometimes  in  consequence  of  the  peculiar  texture  of  the  cloth,  the  printer, 
in  order  to  apply  his  grounding  blocks  properly,  and  to  fit  them  to  the  contours  of  the 
figures  already  impressed,  is  obliged  to  stretch  the  piece  sometimes  in  the  direction  of 
the  warp,  and  sometimes  of  the  weft,  which  would  be  impossible  if  they  had  been  hard 
glazed  by  the  calender.  3.  The  degree  of  glazing  given  to  finished  goods  depends  upon 
the  taste  of  purchasers,  and  the  nature  of  the  article ;  but  it  is,  in  general,  much  less 
than  for  the  first  course  of  block-printing. 

The  most  complete  calender  probably  in  existence  is  that  used  by  some  of  the 
eminent  calico-printers  of  Alsace,  as  contrived  by  M.  Charles  Dollfus,  and  constructed 
by  MM.  Witz,  I3Iech,  and  Co.  1.  It  passes  two  pieces  at  once,  and  thus  dees  double  the 
Avork  of  any  ordinary  machine.  2.  It  supersedes  the  necessity  of  having  a  workman  to 
fold  up  the  goods,  as  they  emerge  from  the  calender,  with  the  aid  of  a  self-acting  folder. 
3.  It  receives,  at  pleasure,  the  finished  pieces  upon  a  roller,  instead  of  laying  them  in 
folds ;  and,  by  a  very  simple  arrangement,  it  hinders  the  hands  of  the  workmen  from 
being  caught  by  the  rollers. 

Calenders,  in  consequence  of  the  irregular  demand  for  foreign  orders  and  shipment?, 
are  worked  very  irregularly,  being  sometimes  overloaded  with  duty,  and  at  others  alto- 
gether unemployed.  A  machine  which  can,  when  required,  turn  out  a  double  quantity 
of  goods,  must,  therefore,  be  a  desirable  possession.  For  the  first  course  of  the  luinters, 
where  high  calendering  is  necessary,  the  goods  are  usually  passed  twice  through  be- 
tween two  paper  cylinders,  to  give  that  equality  of  surface  which  could  not  be  obtained  by 
one  passage,  however  strong  the  pressure;  and  therefore  the  simplification  of  this  calen- 
der will  prove  no  economy.  Besides,  in  order  to  increase  the  pressure  to  the  requisite  de- 
gree, the  cylinders  would  need  to  be  made  bulging  at  their  middle  part,  and  with  such 
cylinders  common  smoothing  could  not  be  given ;  for  the  pieces  would  be  glazed  in  the 
central  line,  and  rough  towards  the  edges.  For  pieces  already  printed  in  part,  and  re- 
quiring only  to  be  grounded-in  for  other  colors,  the  system  of  double  eii'ect  has  fewer  ob- 
jections, as  a  single  passage  through  the  excellent  calender  described  under  Bleaching, 
page  140,  is  found  to  answer  very  well. 

The  most  remarkable  feature  of  M.  DoIlfus"s  mnchine  is  its  being  managed  by  a  single 
■workman.  Six  or  eight  pieces  are  coiled  upon  the  feed-roller,  and  they  are  neither  pasted 
nor  stitched  together,  but  the  ends  are  merely  overlapped  half  a  yard  or  so.  The 
workman  is  careful  not  to  enter  the  second  piece  till  one  tliird  or  one  half  of  the  first 
one  has  passed  through  on  the  otner  side,  to  prevent  his  being  engrossed  with  two  ends 
at  a  time.  He  must,  no  doubt,  go  sometimes  to  the  one  side,  and  sometimes  to  the 
other  of  the  machine,  to  see  that  no  folds  or  creases  occur,  and  to  be  ready  for  supplying 
a  fresh  piece  as  the  preceding  one  has  gone  through.  The  mechanism  of  the  i'older  in 
the  Alsace  machine  is  truly  ins:enious  :  it  performs  extremely  well,  really  saves  the 
attendance  of  an  extra  Avorkman,  and  is  worthy  the  attention  of  manufacturers  intent 
upon  economizing  hand  labor.  The  lapping-roller  Avorks  by  friction,  and  does  its  duty 
fully  better  tlian  similar  machines  guided  by  the  liand. 

The  numerous  accidents  Avhich  have  happened  to  the  hands  of  workmen  engaged  in 
calenders  should  direct  the  attention  towards  its  efiVctive  contrivance  fin-  pi  eventing  such 
misfortunes.  These  various  improvements  in  the  Alsace  machine  may  be  easily  adapted 
to  the  ordinary  calenders  of  almost  every  construction. 
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The  folder  is  a  kind  of  cage,  in  the  shape  of  an  inverted  pyramid,  shut  on  the  four 
sides,  and  open  at  top  and  bottom;  the  top  orifice  is  about  five  inches,  the  bottom  one 
an  inch  and  a  half;  the  front  and  the  back,  which  are  about  four  feet  broad,  are  made  of 
tin-plate  or  smooth  pasteboard,  and  the  two  sides  are  made  of  strong  sheet-iron  ;  the  whole 
being  bolted  together  bj'  small  bars  of  iron.  Upon  the  sheet-iron  of  the  sides,  iron  up-  ' 
rights  are  fixed,  perforated  with  holes,  through  which  the  whole  cage  is  supported  freely 
by  means  of  studs  that  enter  into  them.  One  of  the  uprights  is  longer  than  the  other, 
and  bears  a  slut  with  a  small  knob,  which,  by  means  of  the  iron  piece,  joins  the  guide  to 
the  crank  of  the  cylinder,  and  thereby  communicates  to  the  ca^e  a  seesaw  movement; 
at  the  bottom  extremity  of  the  great  upright,  there  is  a  piece  of  iron  in  the  shape  of  an 
anchor,  which  may  be  raised,  or  lowered,  or  made  fast,  by  screws. 

At  the  ends  of  this  anchor  are  friction-rollers,  which  may  be  drawn  out  or  pushed 
back  and  fixed  by  screws ;  these  rollers  lift  alternately  two  levers  made  of  wood,  and  fixed 
to  a  wooden  shaft. 

The  paws  are  also  made  of  wood :  they  serve  to  lay  down  alternately  the  plies  of  the 
cloth  which  passes  upon  the  cage,  and  is  folded  zigzag  upon  the  floor,  or  upon  a  board 
set  below  the  cage ;  a  motion  imparted  by  the  seesaw  motion  of  the  cage  itself.  See 
Stretcjiing  Machine. 

To  protect  the  fingers  of  the  workmen,  above  the  small  plate  of  the  spreading-board 
or  bar,  there  is  another  bar,  which  forms  with  the  former  an  angle  of  about  75°;  they 
come  suliiciently  neai'  together  for  the  opening  at  the  summit  of  the  angle  to  allow  the 
cloth  to  [lass  through,  but  not  the  fingers.  See  Bulletin  de  la  Sociele  Industriille  de 
Mulkau^en,  No.  18. 

I  shall  now  describe,  more  minutely,  the  structure  of  the  powerful  but  less  complicated 
calender  mechanisms  employed  in  the  British  manufactories. 

A  front  elevation  of  a  fonr-rollered  calender  (five  rollers  are  often  introduced)  for  gla- 
zing goods  is  given  iajig.  228.    d  I  are  two  pasteboard  or  paper  cylinders,  each  20  inches 
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in  diameter,  whose  structure  will  be  presently  described  :  /  is  a  cast-iron  cylinder  turned 
])erfectly  smooth  (its  fellow  is  often  placed  between  e  and  d)  :  it  is  eight  inches  in  diame- 
ter outsi'lc,  four  inches  inside,  with  two  inches  thickness  of  metal,  e  is  another  paste- 
board cylinder,  fourteen  inches  in  diameter:  the  strong  cast-iron  frame  contains  the  bush- 
es in  which  the  journals  of  the  rollers  turn,  op,  is  one  of  the  pair  of  levers  for  commu- 
nicating a  graduated  pressure  according  to  the  quality  of  the  eoods.  Figs.  229,  230,  are  end 
views  of  the  same  machine  to  show  the  working  gear.  The  wheel  s,  on  the  end  of  the 
upper  iron,  cylinder,  is  ten  inches  in  diameter;  that  on  the  end  of  the  fellow  iron  cylinder 
below  (when  it  is  present)  is  thirteen  inches;  both  are  connected  by  the  larger  carrier 
wheel  t.  The  lower  wheel  u  is  one  third  larger  than  the  upper  wheel,  and  therefore 
receives  from  the  carrier  wheel  /,  a  proportionally  slower  motion,  which  it  imparts  to  the 
central  pasteboard  roller  e,  lying  upon  it,  causing  it  to  move  one  third  more  slowly  than 
the  upper  pasteboard  roller.  Thus  a  sort  of  sliding  motion  is  produced,  which,  by  rubbing 
their  surfaces,  glazes  the  goods. 
The  iron  rollers  are  made  hollow  for  the  purpose  of  admitting  either  a  hot  roller  of 
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iron,  or  steam  when  hot  calendering  is  required.  The  other  cylinders  used  formerly  to  be 
made  of  wood,  but  it  was  liable  to  many  defects.  The  advantage  of  the  paper  roller 
consists  in  its  being  devoid  of  any  tendency  to  split,  crack,  or  warp,  especially  when 
exposed  to  a  considerable  heat  from  the  contact  and  pressure  of  the  hot  iron  rollers. 
The  paper,  moreover,  takes  a  vastly  finer  polish,  and,  being  of  an  elastic  nature,  presses 
into  every  pore  of  the  cloth,  and  smooths  its  surface  more  effectually  than  any  woodea 
cylinder,  however  truly  turned,  could  possibly  do. 

The  paper  cylinder  is  constructed  as  follows : — The  axis  of  the  cylinder  is  a  strong 
square  bar  of  the  best  wrought  ii'on,  cut  to  the  proper  length.  Upon  this  bar  a  strong 
round  plate  of  cast  iron  is  first  put,  somewhat  less  in  diameter  than  the  cylinder  when 
finished.  A  quantity  of  thick  stout  pasteboard  is  then  procured,  and  cut  into  round 
pieces  an  inch  larger  in  diameter  than  the  iron  plate.  In  the  centre  of  the  plates,  and 
of  every  piece  of  the  pasteboard,  a  square  hole  must  be  cut  to  receive  the  axis ;  and,  the 
circle  being  divided  into  six  equal  parts,  a  hole  must  also  be  cut  at  each  of  the  divisions, 
an  inch  or  two  within  the  rim.  These  pieces  of  pasteboard  being  successively  put 
upon  the  axis,  a  long  bolt  of  malleable  iron,  with  a  head  at  one  end,  and  screwed  at  the 
other,  is  also  introduced  through  each  of  the  holes  near  the  rim;  and  this  is  continued 
until  a  sufficient  number  of  pasteboards  are  thus  placed  to  form  a  cylinder  of  the 
length  required,  proper  allowance  being  made  for  the  compression  which  the  pasteboard 
is  afterwards  to  undergo.  Another  round  plate  is  then  applied,  and,  nuts  being  put 
upon  the  screws,  the  whole  are  screwed  tight,  and  a  cylinder  formed.  This  cylinder  is 
now  to  be  placed  in  a  stove,  exposed  to  a  strong  heat,  and  must  be  kept  there  for  at  least 
several  days ;  and,  as  the  pasteboard  shrinks  by  exposure  to  the  heat,  the  screws  must 
be  frequently  tightened  until  the  whole  mass  has  been  compressed  as  much  as  possible. 
When  the  cylinder  is  thus  brought  to  a  sufficient  degree  of^  density,  it  is  removed  from 
the  stove  ;  and,  when  allowed  to  cool,  the  pasteboard  forms  a  substance  almost  incon- 
ceivably dense  and  hard.  Nothing  now  remains  but  to  turn  the  cylinder  ;  and  this  is  an 
operation  of  no  slight  labor  and  patience.  The  motion  in  turning  must  be  slow,  not 
exceeding  about  forty  revolutions  in  a  minute ;  the  substance  being  now  so  hard  and 
tough  tliat  tools  of  a  very  small  size  must  be  used  to  cut,  or  rather  scrape  it,  until  it  is 
true.  Three  men  are  generally  employed  for  the  turning,  even  when  the  motion  of 
the  cylinder  is  effected  by  mechanical  power,  two  being  necessary  to  sharpen  tools  for 
the  third,  who  turns,  as  quickly  as  he  blunts  them. 

Let  us  suppose  it  to  be  a  five-roUered  machine :  when  a  person  stands  in  fiont  of 
the  calender,  the  cloth  coming  from  behind  above  the  uppermost  cylinder  1,  passes  be- 
tween 1  and  2  :  proceeding  behind  2,  it  again  comes  to  the  front  between  2  and  3  : 
between  3  and  4  it  is  once  more  carried  behind,  and,  lastly,  brought  in  front  between 
4  and  5,  where  it  is  received,  and  smoothly  folded  on  a  clean  board,  or  in  a  box,  by  a 
person  placed  there  for  the  purpose.  In  folding  the  cloth  at  this  time,  care  must  be 
taken  that  it  may  be  loosely  done,  so  that  no  mark  may  appear  until  it  be  again  folded 
in  the  precise  length  and  form  into  which  the  piece  is  to  be  made  up.  The  folding  may 
be  done  either  by  two  persons  or  by  one,  with  the  aid  of  two  sharp  polished  spikes 
placed  at  a  proper  distance,  to  ascertain  the  length  of  the  fold,  and  to  make  the  whole 
equal.  When  folded  into  lengths,  it  is  again  folded  across  upon  a  smooth  clean  table, 
according  to  the  shape  intended,  which  varies  with  the  different  kinds  of  goods,  or  the 
particular  market  for  which  the  goods  are  designed. 

When  the  pieces  have  received  the  proper  fold,  the  last  operation  previous  to  packing 
them  is  the  pressing.  This  is  commonly  performed  by  placing  a  certain  number  ol^  pieces, 
divided  by  thin  smooth  boards  of  wood,  in  a  common  screw  press,  similar  to  those  used 
by  printers  for  taking  out  the  impression  left  by  the  types  in  the  printing-press.  Be- 
sides the  wooden  boards,  a  piece  of  glazed  pasteboard  is  placed  above  and  below  every 
piece  of  cloth,  that  the  outer  folds  may  be  as  smooth  and  glossy  as  possible.  The 
operation  of  the  common  screw  press  being  found  tedious  and  laborious,  the  hydrau- 
lic press  is  now  in  all  well-mounted  establishments  had  recourse  to.  See  Hydraulic 
Press. 

No  improvements  that  have  taken  place  in  calendering  can  exceed  the  power  and  fa- 
cility of  the  water  press :  one  of  these  presses  may  be  worked  by  two  men,  who  can 
with  great  ease  produce  a  pressure  of  400  tons ;  but,  in  considerable  establishments,  the 
presses  ai-e  worked  by  power.     See  Bandanna. 

The  appearance  and  finish  of  the  goods,  in  consequence  of  such  an  immense  weight 
acting  on  them,  are  materially  improved. 

The  press  is  also  used  for  the  purpose  of  packing ;  whereby  the  bale  is  rendered  much 
more  compact  than  formerly.  It  is  commonly  roped,  &c.,  while  in  this  compressed 
state  ;  the  dimensions  are  therefore  greatly  diminished  from  what  they  would  otherwise 
be  by  any  other  method.  For  instance,  the  same  quantity  of  goods  packed  in  a  bale 
are  from  one  third  to  one  half  less  bulky  than  if  they  were  packed  in  a  box  with  the 
utmost  force  of  the  hands. 


218  CALICO-PRINTING. 

For  lawns  and  mnslins  of  a  light  texture,  the  operation  of  smoothing  requires  a  dif- 
ferent process  in  some  respects  than  close  heavy  fabrics.  They  only  require  to  be  slishtly 
smoothed  to  remove  any  marks  which  they  may  haA^e  received  at  the  bleaching;  and  as 
their  beauty  depends  rather  on  their  transparency  than  theii-  closeness,  the  more  the  cy- 
lyndrical  form  of  the  yarn  is  preserved  the  better.  They  are  therefore  put  through  a 
small  machine,  consisting  of  three  rollers  or  cylinders ;  and  as  the  power  required  to 
move  this  is  small,  the  person  who  attends  it  generally  drives  it  by  a  sreall  winch ;  or 
the  same  effect  may  be  produced  by  passing  the  muslins  between  only  two  or  three  rollers 
of  the  above  calender,  lishtly  loaded. 

In  the  thick  fabi-ics  of  cloth,  including  those  kinds  which  are  used  for  many  parts  of 
household  furniture,  as  also  those  for  female  dress,  the  operation  of  glazing  is  used  both 
to  add  to  the  original  beauty  of  the  cloth,  and  to  render  it  more  impervious  to  dust  or 
smoke.  The  glazing  operation  is  performed  entirely  by  the  friction  of  any  smooth 
substance  upon  the  cloth ;  and,  to  render  the  gloss  brighter,  a  small  quantity  of  bleached 
wax  is  previously  rubbed  over  the  surface.  The  operation  of  glazing  by  the  common 
plan  is  very  laborious,  but  the  apparatus  is  of  the  most  simple  kind.  A  table  is  mounted 
with  a  thick  stout  cover  of  level  and  well-smoothed  wood,  forming  an  inclined  plane ; 
that  side  where  the  operator  stands  at  work  being  the  lowest.  The  table  is  generally 
placed  near  a  wall,  both  for  convenience  in  suspending  the  glazing  api)aratus,  and  for 
the  sake  of  light.  A  long  piece  of  wood  is  suspended  in  a  groove  formed  between  two 
longitudinal  beams,  placed  parallel  to  the  wall,  and  fixed  to  it.  The  groove  resembles 
exactly  the  aperture  between  the  shears  of  a  common  turning  lathe.  The  lever,  of  which 
the  groove  may  be  supposed  to  be  the  centre  or  fulcrum,  is  faced  at  the  bottom  with  a 
semi-cylindrical  piece  of  finely  polished  flint,  which  gives  the  friction  to  the  cloth  stretched 
upon  the  table  below.  Above  the  flint  are  two  cross  handles,  of  which  the  operator 
lays  hold,  and  moves  them  backward  and  forward  with  his  hands,  keeping  the  flint  press- 
ing slightly  upon  the  cloth.  When  he  has  glazed  a  portion  equal  to  the  breadth  of  the 
flint,  he  moves  his  lever  between  the  shears  sidevv^ise,  and  glazes  a  fresh  part :  thus  he 
proceeds  from  one  side  or  selvasre  of  the  cloth  to  the  other ;  and  when  all  which  is  upon 
the  table  is  sufficiently  glazed,  he  draws  it  over,  and  exposes  a  new  portion  to  the  same 
operation.  To  prcseive  the  cloth  at  a  proper  tension,  it  may  be  wound  smoothly  upon 
a  roller  or  beam,  which  being  set  so  as  to  revolve  upon  its  own  axis  behind  the  table, 
another  roller  to  receive  the  cloth  may  be  placed  before,  both  being  secured  by  a  catch, 
acting  in  a  ratchet  wheel.  Of  late  years,  however,  a  great  part  of  the  labor  employed 
in  glazing  cloth  has  been  saved,  as  the  common  four  or  five  bowl  calender  has  been 
altered  to  fit  this  purpose  by  direct  pressure. 

As  a  matter  of  accommodation,  the  different  processes  of  packing,  cording  of  boxes, 
sheeting  of  trunks,  and,  in  general,  all  the  arrangements  preparatory  to  shipments,  and 
also  the  intimations  and  surveys  necessary  for  obtaining  drawbacks,  debentures,  or 
bounties,  according  to  the  excise  laws,  are  generally  conducted  at  the  calender  houses 
where  goods  are  finished.  Tlicse  operations  sufficiently  account  for  the  general  meaning 
attached  to  the  word. 

CALICO-PRINTING  {Impression  d'lvdiennes,  Fr. ;  Zetigdruckerei,  Germ.)  is  the 
art  of  impressing  cotton  cloth  with  topical  dyes  of  more  or  less  permanence.  Of  late 
years,  silk  and  woollen  fabrics  have  been  made  the  subjects  of  a  similar  style  of 
dyeing.  Linens  were  formerly  stained  with  A'arious  colored  designs,  but  since  the 
modern  improvements  in  the  manufacture  of  cotton  cloth,  they  are  seldom  printed,  as 
they  are  both  dearer,  and  produce  less  beautiful  work,  because  flax  possesses  less  aflinity 
than  cotton  for  coloring  matters. 

This  art  is  of  very  ancient  date  in  India,  and  takes  its  English  name  from  Calicut,  a 
district  where  it  has  been  practised  with  great  success  from  time  immemorial.  The 
Egyptians,  also,  appear  from  Pliny's  testimony  to  have  practised  at  a  remote  era  some  of 
the  most  refined  processes  of  topical  dyeing.  "  Robes  and  white  veils,"  says  he,  "are 
])ainted  in  Egypt  in  a  wonderful  way.  They  are  first  imbued,  not  with  dyes,  but  with 
dye-absorbing  drugs,  by  which,  though  they  seem  to  be  imaltered,  yet,  when  immersed 
for  a  little  while  in  a  caldron  of  the  boiling  dye-liquor,  they  are  found  to  become 
painted.  Yet,  as  there  is  only  one  color  in  the  caldron,  it  is  marvellous  to  see  many 
colors  imparted  to  the  robe,  in  consequence  of  the  influence  of  the  excipient  drug.  Nor 
can  the  dye  be  washed  out.  A  caldron,  which  would  of  itself  merely  confuse  the  colors 
of  cloths  previously  dyed,  is  thus  made  to  impart  several  pigments  from  a  single  dye- 
stufl",  painting  as  it  boils."  The  last  expression,  ptJigiYgue  dum  coquit,  is  perfectly  graphic 
and  descriptive  of  calico-printing. 

The  cotton  chints  counterpanes  of  great  size,  called  pallampoors,  which  have  been 
manufactured  in  Madras  from  the  earliest  ages,  have  in  like  manner  peculiar  dye-absorb- 
ing drugs  applied  to  them  with  the  pencil,  as  also  wax,  to  protect  certain  parts  of  the 
surface  from  the  action  of  the  dye,  and  are  afterwards  immersed  in  a  staining  liquor,  which, 
when  wax  is  applied,  is  usually  the  cold  indigo-vat,  but  without  the  wax  is  a  hot  liquor 
similar  to  the  Egyptian.     M.  Koechlin  Roder,  of  Mulhouse,  brought  home  lately  from 
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India  a  rich  collection  of  cloths  in  this  state  of  preparation,  which  I  saw  in  the 
cabinet  of  the  Societe  Induslrielle  of  that  interesting  emporium  of  calico-printing. 
The  native  implements  for  applying  the  wax  and  coloring  bases  are  placed  along- 
side of  the  cloths,  and  form  a  curious  picture  of  primeval  art.  There  is  among 
other  samples  an  ancient  pallampoor,  five  French  yards  long,  and  two  and  a  half  broad, 
said  to  be  the  labor  of  Hindoo  princesses,  which  must  have  taken  a  lifetime  to  execute. 
The  printing  machinery  of  great  Britain  has  begun  to  supersede,  for  these  styles  of 
work,  the  cheapest  hand  labor  of  India. 

Calico-printing  has  been  for  several  hundred  years  practised  by  the  oriental  methods 
in  Asia  Minor  and  the  Levant;  but  it  was  unknown  as  an  English  art  till  1696, 
when  a  small  print-ground  was  formed  upon  the  banks  of  the  Thames,  near  Richmond, 
by  a  Frenchman — probably  a  refugee  from  his  own  country,  in  consequence  of  the 
revocation  of  the  edict  of  Nantes.  Some  time  afterwards,  a  considerable  printing 
work  was  established  at  Bromley  Hall,  in  Essex,  and  several  others  sprung  up  succes- 
sively in  Surrey,  to  supply  the  London  shops  with  chintses,  their  import  from  India 
having  beea  prohibited  by  act  of  parliament  in  1700.  The  silk  and  woollen  weavers, 
indeed,  had  all  along  manifested  the  keenest  hostility  to  the  use  of  printed  calicoes, 
whether  brought  from  the  East  or  made  at  home.  In  the  year  1680  they  mobbed  the 
India  House  in  revenge  for  some  large  importations  then  made  of  the  chintses  of 
Malabar.  They  next  induced  the  government,  by  incessant  clamors,  to  exclude  alto- 
gether the  beautiful  robes  of  Calicut  from  the  British  market.  But  the  printed  goods, 
imported  by  the  English  and  Dutch  East  India  companies,  found  their  way  into  this 
country,  in  spite  of  the  excessive  penalties  annexed  to  smuggling,  and  raised  a  new  alarm 
amon?  the  manufacturing  population  of  Spitalfields.  The  sapient  legislators  of  that  day, 
intimidated,  as  would  appear,  by  the  East  London  mobs,  enacted  in  1720  an  absurd 
sumptuary  law,  prohibiting  the  wearing  of  all  printed  calicoes  ivhatsoever,  cither  of  foreign 
or  domestic  origin.  This  disgraceful  enactment,  worthy  of  the  meridian  of  Cairo  or 
Algiers,  proved  not  only  a  death-blow  to  rising  industry  in  this  ingenious  department 
of  the  arts,  but  prevented  the  British  ladies  from  attiring  themselves  in  the  becoming 
drapery  of  Hindostan.  After  an  oppressive  operation  of  ten  years,  this  act  was  repealed 
by  a  partially  enlightened  set  of  senators,  who  were  then  pleased  to  permit  what  they 
called  British  calicoes,  if  made  of  linen  warp,  with  merely  weft  of  the  hated  cotton,  to  be 
printed  and  worn,  upon  paying  a  duty  of  no  less  than  sixpence  the  square  yard.  Under 
this  burden,  English  calico-printing  could  not  be  expected  to  make  a  rapid  progress. 
Accordingly,  even  so  lately  as  the  year  1750,  no  more  than  50,000  pieces  of  mixed 
stuff  were  printed  in  Great  Britain,  and  that  chiefly  in  the  neighborhood  of  London ; 
whereas  a  single  manufacturer,  Mr.  Coates  of  Manchester,  now-a-days  will  turn  off 
nearly  twenty  times  that  quantity,  and  there  are  very  many  others  who  manufacture 
several  hundred  thousand  pieces  per  annum.  It  was  not  till  about  1766  that  this  art 
migrated  into  Larrcashire,  where  it  has  since  taken  such  extraordinary  development ; 
but  it  was  only  after  1774  that  it  began  to  be  founded  upon  right  principles,  in  conse- 
quence of  the  repeal  of  that  part  of  the  act  of  1730  which  required  the  warp  to  be  made 
of  linen  yarn.  Henceforth  the  printer,  though  still  saddled  with  a  heavy  duty  of  "id.  the 
square  yard,  was  allowed  to  apply  his  colors  to  a  homogeneous  web,  instead  of  the  mixed 
fabric  of  linen  and  cotton  substances,  which  differ  in  their  affinities  for  dyes. 

France  pursued  for  some  time  a  similar  false  policy  with  regard  to  calico-printing,  but 
she  emerged  sooner  from  the  mists  of  manufacturing  monopoly  than  England.  Her 
avowed  motive  was  to  cherish  the  manufacture  of  flax,  a  native  product,  instead  of  that 
of  cotton,  a  raw  material,  for  which  prejudice  urged  that  money  had  to  be  exported. 
Her  intelligent  statesmen  of  that  day,  fully  seventy  years  ago,  replied  that  the  money 
expended  in  the  purchase  of  cotton  was  the  produce  of  French  industry,  beneficially 
employed,  and  they  therefore  took  immediate  measures  to  put  the  cotton  fabrics  upon  a 
fooling  of  equality.  Meanwhile  the  popular  prejudices  became  irritated  to  such  a  degree, 
by  the  project  of  permitting  the  free  manufacture  and  sale  of  printed  cottons,  that  every 
French  town  possessed  of  a  chamber  of  commerce  made  the  strongest  remonstrances 
against  it.  The  Rouen  deputies  declared  to  the  government,  "  that  the  intended  mea- 
sure would  throw  its  inhabitants  mto  despair,  and  make  a  desert  of  the  surrounding 
country  :"  those  of  Lyons  said,  "  the  news  had  spread  terror  through  all  its  workshops :" 
Tours  "foresaw  a  commotion  likely  to  convulse  the  body  of  the  state :"  Amiens  said, 
"  that  the  new  law  would  be  the  grave  of  the  manufacturing  industry  of  France  ;"  and 
Paris  declared  that  "  her  merchants  came  forward  to  bathe  the  throne  with  their  tears 
upon  that  inauspicious  occasion." 

The  government  persisted  in  carrying  its  truly  enlightened  principles  into  effect,  and 
with  so  manifest  advantage  to  the  nation,  as  to  warrant  the  inspector-general  of  manu- 
factures to  make,  soon  afterwards,  the  following  appeal  to  those  prejudiced  bodies: — 
"  Will  any  of  you  now  deny  that  the  fabrication  of  printed  cottons  has  occasioned  a  vast 
extension  of  the  industry  of  France,  by  giving  profitable  employment  to  a  great  many 
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hands  in  spinning,  weaving,  bleaching,  and  printing  the  colors  ?  Look  only  at  the  dyeing 
department,  and  say  whether  it  has  not  done  more  good  to  France  in  a  few  years  than 
many  of  your  other  manufactures  have  in  a  centuiy  1" 

The  despair  of  Rouen  has  been  replaced  by  the  most  signal  prosperity  in  the  cotton 
trade,  and  especially  in  printed  calicoes,  for  the  manufacture  of  which  it  possesses  70 
different  establishments,  producing  upwards  of  a  million  of  pieces  of  greater  average  size 
and  price  than  the  English.  In  the  district  of  the  Lower  Seine,  round  that  town,  there 
are  500  cotton  factories  of  different  kinds,  which  give  employment  to  118,000  operatives 
of  all  orders,  and  thus  procure  a  comfortable  livelihood  to  probably  not  less  than  half  a 
million  of  people. 

The  repeal,  in  1831,  of  the  consolidated  duty  of  3^d.  per  square  yard  upon  printed 
calicoes  in  Great  Britain  is  one  of  the  most  judicious  acts  of  modern  legislation.  By 
the  improvements  in  calico-printing,  due  to  the  modern  discoveries  and  inventions  in 
chemistry  and  mechanics,  the  trade  had  become  so  vast  as  to  yield  in  1830  a  revenue  of 
2,280,000/.  levied  upon  8,596,000  pieces,  of  which,  however,  about  three  fourths  were 
exported,  with  a  drawback  of  1,579,000/.  2,281,512  pieces  were  consumed  in  that  year 
at  home.  When  the  expenses  of  collection  were  deducted,  only  350,000/.  found  their 
way  into  the  exchequer,  for  which  pitiful  sum  thousands  of  frauds  and  obstructions  were 
committed  against  the  honest  manufacturer.  This  reduction  of  duty  enables  the  con- 
sumer to  get  this  extensive  aiticle  of  clothing  from  50  to  80  per  cent,  cheaper  than 
before,  and  thus  places  a  becoming  dress  within  the  reach  of  thousands  of  handsome 
females  in  the  humbler  ranks  of  life.  Printed  goods,  which  in  1795  were  sold  for  two 
shillings  and  three-pence  the  yard,  may  be  bought  at  present  for  eight-pence.  In  fact,  a 
woman  may  now  purchase  the  materials  of  a  pretty  gown  for  two  shillings.  The  repeal 
of  the  tax  has  been  no  less  beneficial  to  the  fair  dealers,  by  putting  an  end  to  the  contra- 
band trade,  formerly  pursued  to  an  extent  equally  injurious  to  them  and  the  revenue. 
It  has,  moreover,  emancipated  a  manufacture,  eminently  dependant  upon  taste,  science, 
and  dexterity,  from  the  venal  curiosity  of  petty  excisemen,  by  whom  private  improve- 
ments, of  great  value  to  the  inventor,  were  in  perpetual  jeopardy  of  being  pirated  and 
sold  to  any  sordid  rival.  The  manufacturer  has  now  become  a  free  agent,  a  master  of 
his  time,  his  workmen,  and  his  apparatus  ;  and  can  print  at  whatever  hour  he  may  re- 
ceive an  order;  whereas  he  was  formerly  obliged  to  wait  the  convenience  of  the  excise 
officer,  whose  province  it  was  to  measure  and  stamp  the  cloth  before  it  could  be  packed, 
— an  operation  fraught  with  no  little  annoyance  and  delay.  Under  ihe  patronage  of  par- 
liament, it  was  easy  for  needy  adventurers  to  buy  printed  calicoes,  because  they  could 
raise  such  a  sum  by  drawbacks  upon  the  export  of  one  lot  as  would  go  far  to  pay  for 
another,  and  thus  earn*  on  a  fraudulent  system  of  credit,  which  sooner  or  later  merged 
in  a  disastrous  bankruptcy.  Meanwhile  the  goods  thus  obtained  were  pushed  oil'  to 
some  foreign  markets,  for  which  they  were  possibly  not  suited,  or  where  they  produced, 
by  their  forced  sales,  a  depreciation  of  aU  similar  merchandise,  ruinous  to  the  man  who 
meant  to  pay  for  his  wares. 

The  principles  of  calico-printing  hare  been  very  profoundly  studied  by  many  of  the 
French  manufacturers,  who  generally  keep  a  chemist,  who  has  been  educated  in  the  Parisian 
schools  of  science,  constantly  at  work,  making  experiments  upon  colors  in  a  well-mounted 
laboratoiT.  In  that  belonging  to  M.  Daniel  Kcechlin,  of  Mulhausen,  there  are  upwards 
of  3000  labelled  vials,  filled  with  chemical  reagents,  and  specimens  subservient  to  dyeing. 
The  great  disadvantage  under  which  the  French  printers  labor  is  the  higher  price  they 
pay  for  cotton  fabrics  above  that  paid  by  the  English  printers.  It  is  this  circumstance 
alone  which  prevents  them  from  becoming  very  formidable  rivals  to  us  in  the  markets  of 
the  world.  M.  Barbet,  deputy  and  mayor  of  Rouen,  in  his  replies  to  the  ministerial 
commission  of  inquiry,  rates  the  disadvantage  proceeding  from  that  cause  at  2  francs  per 
piece,  or  about  5  per  cent,  in  value.  In  the  annual  report  of  the  Societe  hidusirielle  of 
Mulhausen,  made  in  December,  1833,  the  number  of  pieces  printed  that  year  in  Alsace 
is  rated  at  720,000,  to  which  if  we  add  1,000,000  for  the  produce  of  the  department  of 
the  Lower  Seine,  and  280,000  for  that  of  St.  Quentin,  Lille,  and  the  rest  of  France,  we 
shall  have  for  the  total  amount  of  this  manufacture  2,000,000  of  pieces,  equivalent  to 
ne£irly  2,400,000  pieces  English ;  for  the  French  piece  usually  measures  33|  aunes, 
^41  yards  nearly;  and  it  is  also  considerably  broader  than  the  English  pieces  upon 
an  average.  It  is  therefore  probable  that  the  home  consumption  of  France  in  printed 
goods  is  equal  in  quantity,  and  superior  in  value,  to  that  of  England.  With  regard  to 
the  comparative  skill  of  the  workmen  in  the  two  countries,  M.  Nicholas  Koechlin,  deputy 
of  the  Upper  Rhine,  says,  that  one  of  his  foremen,  who  worked  for  a  year  in  a  print- 
field  in  Lancashire,  found  little  or  no  difference  between  them  in  that  respect.  The 
English  wages  are  considerably  higher  than  the  French.  The  machines  for  multiplying 
production,  which  for  some  time  gave  us  a  decided  advantage,  are  now  getting  into  very 
general  use  among  our  neighbors.  In  my  recent  visit  to  Mulhausen,  Rouen,  and  their 
environs,  I  had  an  opportunity  of  seeing  many  printing  establishments  mounted  with  all 
the  resources  of  the  most  refined  mechanisms. 
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The  calico-printing  of  this  country  still  labors  under  the  burden  of  considerable  taxes 
upon  madder  and  gallipoli  oil,  which  have  counteracted  the  prosperity  of  our  Turkey  red 
styles  of  work,  and  caused  them  to  flourish  at  Elberfeldt,  and  some  other  places  on  the 
continent  whither  a  good  deal  of  the  English  yarns  are  sent  to  be  dyed,  then  brought 
back,  and  manufactured  into  ginghams,  checks,  &c.,  or  forwarded  directly  thence  to  our 
Russian  customers.  Tliis  fact  places  our  fiscal  laws  in  the  same  odious  light  as  the  fa- 
cility of  pirating  printers'  patterns  with  impunity  does  our  chancery  laws. 

Before  cloth  can  receive  good  figured  impressions  its  surface  must  be  freed  from  fibrous 
down  by  Singeing,  and  be  rendered  smooth  by  the  Calender.  See  these  articles.  They 
are  next  bleached,  with  the  exception  of  those  destined  for  Turkey  red.  See  Bleaching 
and  Madder.  After  they  are  bleached,  dried,  singed,  and  calendered,  they  are  lapped 
round  in  great  lengths  of  several  pieces,  stitched  endwise  together,  by  means  of  an  appa- 
ratus called  in  Manchester  a  candroij,  which  bears  on  its  front  edge  a  rounded  iron  bar, 
transversely  grooved  to  the  right  and  left  from  the  centre,  so  as  to  spread  out  the  web  as 
it  is  drawn  over  it  by  the  rotation  of  the  lapping  roller.  See  a  figure  of  this  bar  sub- 
servient to  the  cylinder  printing-machine. 

Four  different  methods  are  in  use  for  imprinting  figures  upon  calicoes :  the  first  is  by 
small  wooden  blocks,  on  whose  face  the  design  is  cut,  which  are  worked  by  hand ;  the  second 
is  by  larger  wood-cut  blocks,  placed  in  either  two  or  three  planes,  standing  at  right  angles 
to  each  other,  called  a  Perrotine,  from  the  name  of  its  inventor ;  the  third  is  by  flat  copper 
plates,  a  method  now  almost  obsolete ;  and  the  fourth  is  by  a  system  of  copper  cylinders, 
mounted  in  a  frame  of  great  elegance,  but  no  little  complexity,  by  which  two,  three,  four, 
or  even  five  colors  may  be  printed  on  in  rapid  succession  by  the  mere  rotation  of  the  ma- 
chine driven  by  the  agency  of  steam  or  water.  The  productive  powers  of  this  printing 
automaton  are  very  great,  amounting  for  some  styles  to  a  piece  in  the  minute,  or  a  mile 
of  cloth  in  the  hour.  The  fifth  color  is  commonly  communicated  by  means  of  what  is 
called  a  surface  cylinder,  covered  with  wooden  figures  in  bass-relief,  which,  by  rotation, 
are  applied  to  a  plane  of  cloth  imbued  with  the  thickened  mordants. 

The  hand  blocks  are  made  of  sycamore  or  pear-tree  wood,  or  of  deal  fac^i^j  Avith  these 
woods,  and  are  from  two  to  three  inches  thick,  nine  or  ten  inches  long,  and  five  broad, 
with  a  strong  box  handle  on  the  back  for  seizing  them  by.  The  face  of  the  block  is  either 
carved  in  relief  into  the  desired  design,  like  an  ordinary  wood-cut,  or  the  figure  is  formed 
by  the  insertion  edgewise  into  the  wood  of  narrow  slips  of  flattened  copper  wire.  These 
tiny  fillets,  being  filed  level  on  the  one  edge,  are  cut  or  bent  into  the  proper  shape,  and 
forced  into  the  wood  by  the  taps  of  a  hammer  at  the  traced  lines  of  the  configuration. 
Their  upper  surfaces  are  now  filed  flat,  and  polished  into  one  horizontal  plane,  for  the 
sake  of  equality  of  impression.  As  the  slips  are  of  equal  thickness  in  th.^ir  whole  depth, 
from  having  been  made  by  running  the  wire  through  between  the  steel  cylinders  of  a 
flatting  mill,  the  lines  of  tlie  figure,  however  much  they  get  worn  by  use,  are  always 
equally  broad  as  at  first ;  an  advantage  which  does  not  belong  to  wood-cutting.  The 
Interstices  between  the  ridges  thus  formed  are  filled  up  with  felt-stuff.  Sometimes  a 
delicate  part  of  the  design  is  made  by  the  wood-cutter,  and  the  rest  by  the  insertion  of 
copper  slips. 

The  coloring  matter,  properly  thickened,  is  spread  with  a  flat  brush,  by  a  child,  upon 
fine  woollen  cloth,  stretched  in  a  frame  over  the  wax  cloth  head  of  a  wooden  drum  or 
sieve,  which  floats  inverted  in  a  tubful  of  old  paste,  to  give  it  elastic  buoyancy.  The  in- 
verted sieve  drum  should  fit  the  paste  tub  pretty  closely.  The  printer  presses  the  face 
of  the  block  on  the  drum  head,  so  as  to  take  up  the  requisite  quantity  of  color,  applies 
it  to  the  surface  of  the  calico,  extended  upon  a  flat  table  covered  with  a  blanket,  and 
then  strikes  the  back  of  the  block  with  a  wooden  mallet,  in  order  to  transfer  the  impres- 
sion fully  to  the  cloth.  This  is  a  delicate  operation,  requiring  eqtial  dexterity  and  dili- 
gence. To  print  a  piece  of  cloth  25  yards  Ion?,  and  30  inches  broad,  no  less  than  672 
applications  of  a  block,  9  inches  long  and  5  inches  broad,  are  requisite  for  each  color; 
so  that  if  there  are  three  colors,  or  three  hands  as  the  French  term  it,  no  less  than 
2016  applications  will  be  necessary.  The  blocks  have  pin-points  fixed  into  their  corners, 
by  means  of  which  they  are  adjusted  to  their  positions  upon  the  cloth,  so  as  to  join  the 
different  parts  of  the  design  with  precision.  Each  printer  has  a  color-tub  placed 
within  reach  of  his  right  hand;  and  for  every  different  color  he  must  have  a  separate 
sieve.  Many  manufacturers  cause  their  blocks  to  be  made  of  three  layers  of  wood,  two 
of  them  being  deal  with  the  grain  crossed  to  prevent  warping,  and  the  third  sycamore  for 
engraving. 

The  printing  shop  is  an  oblong  apartment,  lighted  with  numerous  windows  at  each 
side,  and  having  a  solid  table  opposite  to  each  window.  The  table  b,  /?g.  231,  is  fornied 
of  a  strong  plank  of  well-seasoned  hard  wood,  mahogany,  or  marble,  with  a  surface  truly 
plane.  Its  length  is  about  6  feet,  its  breadth  2  feet,  and  its  thickness  3,  4,  or  5  inches. 
It  stands  on  strong  feet,  with  its  top  about  36  inches  above  the  floor.  At  one  of  its 
ends  there  are  two  brackets  c  for  supporting  the  axles  of  the  roller  e,  which  carries  the 
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white  calico  to  be  printed.  The  hanging  rollers  e  are  laid  across  joists  fixed  near  the  roof 
of  the  apartment  above  the  printing  shop,  the  ceiling  and  floor  between  them  being  open 
bar  work,  at  least  in  the  middle  of  the  room.  Their  use  is  to  facilitate  the  exposure, 
and,  consequently,  the  drying  of  the  printed  pieces,  and  to  prevent  one  figure  being  daubed 
by  another.  Should  they  come  to  be  all  filled,  the  remainder  of  the  goods  must  be  folded 
lighlly  upon  the  stool  d. 
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The  printer  stretches  a  length  of  the  piece  upon  his  table  a  b,  taking  care  to  place 
the  selvage  towards  himself,  and  one  inch  from  the  edge.  He  presents  the  block 
towards  the  end,  to  determine  the  width  of  its  impression,  and  marks  this  line  A  b,  by 
means  of  his  square  and  tracing  point.  The  spreader  now  besmears  the  cloth  with  the 
color,  at  the  commencement,  upon  both  sides  of  the  sieve  head  ;  because,  if  not  uniformly 
applied,  the  block  will  take  it  up  unequally.  The  printer  seizes  the  block  in  his  right 
hand,  and  daubs  it  twice  in  diflerent  directions  upon  the  sieve  cloth,  then  he  transfers  it 
to  the  calico  in  the  line  a  b,  as  indicated  by  the  four  points  abed,  corresponding  to 
the  four  pins  in  the  corners  of  the  block.  Having  done  so,  he  takes  another  daub  of 
the  color,  and  makes  the  points  a  b  fall  on  c  d,  so  as  to  have  at  the  second  stamp 
a'  b',  covering  a  b  and  c'  d' ;  and  so  on,  through  the  rest,  as  denoted  by  the  accented  let- 
ters. When  one  table  length  is  finished,  he  draws  the  cloth  along,  so  as  to  bring  a  new 
length  in  its  place. 

The  grounding-in,  or  re-entering  (rentrage),  of  the  other  colors  is  the  next  process. 
The  blocks  used  for  this  purpose  are  furnished  with  pin-points,  so  adjusted  that,  when 
they  are  made  to  coincide  with  the  pin-points  of  the  former  block,  the  design  will  be  cor- 
rect ;  that  is  to  saj',  the  new  color  will  be  applied  in  its  due  place  upon  the  flower  or  other 
figure.  The  points  should  not  be  allowed  to  touch  the  white  cloth,  but  should  be  made  to 
fall  upon  the  stem  of  a  leaf,  or  some  other  dark  spot.  These  rentrage^  are  of  four  sorts  : — 
1.  One  for  the  mordants,  as  above ;  2.  one  for  topical  colors ;  3.  one  for  the  application  of 
reds;  and,  4.  one  for  the  application  of  resist  pastes  or  reserves.  These  styles  have 
superseded  the  old  practice  of  pencilling. 

The  Perrotine  is  a  machine  for  executing  block-printing  by  mechanical  power ;  and 
it  performs  as  much  work,  it  is  said,  as  20  expert  hands.  I  have  seen  its  operation,  in 
many  factories  in  France  and  Belgium,  in  a  very  satisfactory  manner ;  but  I  have 
reason  to  believe  that  there  are  none  of  them  as  yet  in  this  country.  Three  wooden 
blocks,  from  2|  to  3  feet  long,  according  to  the  breadth  of  the  cloth,  and  from  2  to  5 
inches  broad,  faced  with  pear-tree  wood,  engraved  in  relief,  are  mounted  in  a  powerful 
cast-iron  frame  work,  with  their  planes  at  right  angles  to  each  other,  so  that  each 
of  them  may,  in  succession,  be  brought  to  bear  upon  the  face,  top,  and  back  of  a 
square  prism  of  iron  covered  with  cloth,  and  fitted  to  revolve  upon  an  axis  between  the 
said  blocks.  The  calico  passes  between  the  prism  and  the  engraved  blocks,  and 
receives  successive  impressions  from  them  as  it  is  successively  drawn  through  by  a 
winding  cylinder.  The  blocks  are  pressed  against  the  calico  through  the  agency  of 
springs,  which  imitate  the  elastic  pressure  of  the  workman's  hand.  Each  block  receives 
a  coat  of  colored  paste  from  a  woollen  surface,  smeared  after  every  contact  with  a 
mechanical  brush.  One  man,  with  one  or  two  children  for  superintending  the  color- 
giving  surfaces,  can  turn  ofi"  about  30  pieces  English  per  day,  in  three  colors,  which 
is  the  work  of  fully  20  men  and  20  children  in  block  printing  by  hand.  It  executes 
some  styles  of  work  to  which  the  cyliader  machine,  without  the  surface  roller,  is 
inadequate. 
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The  copper-plate  printing  of  calico  is  almost  exactly  the  same  as  that  used  for  printing 
engravings  on  paper  from  flat  plates,  and  being  nearly  superseded  by  the  next  machine, 
need  not  be  described. 

The  cylinder  printing  machine  consists,  as  its  name  imports,  of  an  engraved  copper 
cylinder,  so  mounted  as  to  revolve  against  another  cylinder  lapped  in  woollen  cloth,  and 
imbued  with  a  colored  paste,  from  which  it  derives  the  means  of  communicating 
colored  impressions  to  pieces  of  calico  passed  over  it.  Fig.  233 
will  give  the  reader  a  general  idea  of  this  elegant  and  expe- 
•  \  y^ — -«..  I  ,  ditious  plan  of  printing.  The  pattern  is  engraved  upon  the 
W     /  \|  I  surface   of  a    hollow    cylinder    of    copper,  or    sometimes    gun- 

metal,  and  the  cylinder  is  forced  by  pressure  upon  a  strong 
iron  mandrel,  which  serves  as  its  turning  shaft.  To  facilitate 
the  transfer  of  the  impression  from  the  engraving  to  the  cotton 
cloth,  the  latter  is  lapped  round  another  large  cylinder,  rendered 
elastic  by  rolls  of  woollen  cloth,  and  the  engraved  cylinder 
presses  the  calico  against  this  elastic  cushion,  and  thereby  prints 
it  as  it  revolves.  Let  a  be  the  engraved  cylinder  mounted  upon 
its  mandrel,  which  receives  rotatory  motion  by  wheels  on  its 
end,  connected  with  the  steam  or  water  power  of  the  factory. 
B  is  a  large  iron  drum  or  roller,  turning  in  bearings  of  the  end 
frames  of  the  machine.  Against  that  drum  the  engraved  cylin- 
der A  is  pressed  by  weights  or  screv/s ;  the  weights  acting  steadily, 
by  levers,  upon  its  brass  bearings.  Eourid  the  drum  b  the  endless  web  of  felt  or  blan- 
ket stuff  a  a,  travels  in  the  direction  of  the  arrow,  being  carried  round  along  xfhh  the 
drum  B,  which  again  is  turned  by  the  friction  of  contact  with  the  cylinder  a.  c  repre- 
sents a  clothed  wooden  roller,  partly  plunged  into  the  thickened  color  of  the  trough  d  d. 
That  roller  is  also  made  to  bear,  with  a  moderate  force,  against  a,  and  thus  receives,  by 
friction,  in  som.e  cases,  a  movement  of  rotation.  But  it  is  preferable  to  drive  the  roller  c 
from  the  cylinder  a,  by  means  of  a  system  of  toothed  wheels  attached  to  their  ends,  so  that 
the  surface  speed  of  the  wooden  or  paste  roller  shall  be  somewliat  greater  than  that  of 
the  printing  cylinder,  whereby  the  color  will  be  rubbed,  as  it  were,  into  the  engraved 
parts  of  the  latter. 

As  the  cylinder  A  is  pressed  upwards  against  e,  it  is  obvious  that  the  bearers  of  the 
trough  and  its  roller  must  be  attached  to  the  bearings  of  the  cylinder  a,  in  order  to 
preserve  its  contact  with  the  color-roller  c.  6  is  a  sharp-edged  ruler  of  gun-metal  or 
steel,  called  the  color  doctor,  sci'ewed  between  two  gun-metal  stiffening  bars ;  the  ed^e 
cf  which  wiper  is  slightly  pressed  as  a  tangent  upon  the  engraved  roller  A.  This  ruler 
vibrates  with  a  slow  motion  from  side  to  side,  or  right  to  left,  so  as  to  exercise  a  delicate 
shaving  action  upon  the  engraved  surface,  as  this  revolves  in  the  direction  of  the  arroAV. 
c  is  another  similar  sharp-edged  ruler,  called  the  livt  doctor,  whose  office  it  is  to  remove 
any  fibres  which  may  have  come  off  the  calico  in  the  act  of  printing,  and  which,  if  left 
on  the  engraved  cylinder,  would  be  apt  to  occupy  some  of  the  lines,  or  at  least  to  prevent 
the  color  from  filling  them  all.  This  lint  doctor  is  pressed  very  slightly  upon  the  cylinder 
A,  and  has  no  transverse  motion. 

What  was  stated  with  regard  to  the  bearers  of  the  color  trough  d,  namely,  that  they 
are  connected,  and  moved  up  and  down  together  with  the  bearings  of  the  cylinder  a,  may 
also  be  said  of  the  bearers  of  the  two  doctors. 

The  working  of  this  beautiful  mechanism  may  now  he  easily  comprehended.  The 
web  of  calico,  indicated  in  the  figure  by  the  letter  d,  is  introduced  or  carried  in  alon" 
with  the  blanket  stuff  a  a,  in  the  direction  of  the  arrow,  and  is  moved  onward  by  the 
pressure  of  the  revolving  cylinder  A,  so  as  to  receive  the  impression  of  the  pattern  en- 
graved on  that  cylinder. 

Before  proceeding  to  describe  the  more  complex  calico-machine  which  prints  upon 
cloth  3,  4,  or  5  colors  at  one  operation,  by  the  rotation  of  so  many  cylinders,  I  shall 
explain  the  modern  methods  of  engraving  the  cylinder,  which  I  am  enabled  to  do  by  the 
courtesy  of  Mr.  Locket,  of  Manchester,  an  artist  of  great  ingenuity  in  this  department,  who 
politely  allowed  me  to  inspect  the  admirable  apparatus  and  arrangements  of  his  factory. 
To  engrave  a  copper  cylinder  3  or  4  inches  in  diameter,  and  from  30  to  36  inches  long, 
with  the  multitude  of  minute  figures  which  exist  in  many  patterns,  would  be  a  very 
laborious  and  expensive  operation.  The  happy  invention  made  by  Mr.  Jacob  Perkins, 
in  America,  for  transferring  engravings  from  one  surface  to  another  by  means  of  steel 
roller  dies,  was  with  great  judgment  applied  by  ]Mr.  Locket  to  calico-printing,  so  long 
ago  as  the  year  1808,  before  the  first  inventor  came  to  Europe  with  the  plan.  The 
pattern  is  first  drawn  upon  a  scale  of  about  3  inches  square,  so  that  this  size  of  figure 
being  repeated  a  definite  number  of  times,  will  cover  the  cylinder.  This  pattern  is  next 
engraved  in  intaglio  upon  a  roller  of  softened  steel,  about  1  inch  in  diameter,  and  3  inches 
long,  so  that  it  will  exactly  occupy  its  surface.     The  engraver  aids  his  eye  Avith  a 
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lens,  when  employed  at  this  delicate  work.  This  roller  is  hardened  by  healins:  it  to  a 
cheriy-red  in  an  iron  case  conlaining  pounded  bone-ash,  and  then  plunging  it  into  cold 
water  ;  its  surface  being  protecfed  from  oxydizcment  by  a  chalky  paste.  This  hardened 
roller  is  put  into  a  press  of  a  peculiar  construction,  where,  by  a  rotatory  pressure,  it  trans 
fers  its  design  to  a  similar  roller  in  the  soft  state;  and  as  the  former  was  in  intaglio,  th» 
latter  must  be  in  relievo.  This  second  roller  being  hardened,  and  placed  in  an  appro 
priate  volutory  press,  is  employed  to  engrave  by  indentation  upon  the  full-sized  coppe) 
cylinder  the  whole  of  its  intended  pattern.  The  first  roller  engraved  by  hand  is  callefl 
the  die;  the  second,  obtained  from  it  by  a  process  like  that  of  a  milling  tool,  is  called  thr 
mill.  By  this  indentation  and  multiplication  system,  an  engraved  cylinder  may  be  had  foi 
seven  pounds,  which  engraved  by  hand  would  cost  fifty  or  upwards.  The  restoration  of 
a  worn-out  cylinder  becomes  extremely  easy  in  this  way ;  the  mill  being  preserved,  need 
merely  be  properly  rolled  over  the  copper  surface  again. 

At  other  times,  the  hard  roller  die  is  placed  in  the  upper  bed  of  a  screw  press,  not  un- 
like that  for  coining,  while  the  horizontal  bed  below  is  made  to  move  upon  strong  rollers 
mounted  in  a  rectangular  iron  frame.  In  the  middle  of  that  bed  a  smooth  cake  or  flat 
disc  of  very  soft  iron,  about  1  inch  thick,  and  3  or  4  inches  in  diameter,  is  made  fast 
by  four  horizontal  adjusting  screws,  that  work  in  studs  of  the  bed  frame.  The  die  being 
now  brought  down  by  a  powerful  screw,  worked  by  toothed  wheel-work,  and  made  tc 
press  with  force  upon  the  iron  cake,  the  bed  is  moved  backwards  and  forwards,  causing 
the  roller  to  reA'olve  on  its  axles  by  friction,  and  to  impart  its  design  to  the  cake.  This 
iron  disc  is  now  case-hardened  by  being  ignited  amidst  horn  shavings  in  a  box,  and  then 
suddenly  quenched  in  water,  when  it  becomes  itself  a  die  in  relievo.  This  disc  die  is 
fixed  in  the  upper  part  of  a  sci  ew  press  with  its  engraved  face  downwards,  yet  so  as  to  be 
moveable  horizontally  by  traverse  screws.  Beneath  this  inverted  bed,  sustained  at  its 
upper  surface  by  friction-rollers,  a  copper  cylinder  30  inches  long,  or  thereby,  is  mounted 
horizontally  upon  a  strong  iron  mandrel,  furnished  with  toothed  wheels  at  one  of  its 
ends,  to  communicate  to  it  a  movement  upon  its  axis  through  any  aliquot  arcs  of  the 
circle.  The  disc  die  being  now  brought  down  to  bear  upon  the  copper  cylinder,  this  is 
turned  round  through  an  arc  corresponding  in  length  to  the  lensth  of  the  die ;  and  thus, 
by  the  steady  downward  pressure  of  the  screw,  combined  with  the  revolution  of  the  cy- 
linder, the  transfer  of  the  engraving  is  made  in  intaslio.  This  is,  I  believe,  the  most  con- 
venient process  for  engraving,  by  transfer,  the  copper  of  a  one-cylinder  machine.  But 
when  2,  3,  or  4  cylinders  are  to  be  engraved  with  the  same  pattern  for  a  two,  three,  or 
four-colored  machine,  the  die  and  the  mill  roller  plan  of  transfer  is  adopted.  In  this 
case,  the  hardened  roller  die  is  mounted  in  the  upper  bed  of  the  transfer  press,  in  such  a 
way  as  to  be  capable  of  rotation  round  its  axis,  and  a  similar  roller  of  softened  steel 
IS  similarly  placed  in  the  under  bed.  The  rollers  are  now  made  to  bear  on  each  other  by 
the  action  of  the  upper  screw,  and  while  in  hard  contact,  the  lower  one  is  caused  to  re- 
volve, which,  carrying  round  the  upper  by  friction,  receives  from  it  the  figured  impression 
in  relief.  When  cylinders  for  a  three-colored  machine  are  wanted,  three  such  jnills  are 
made  fac-similes  of  each  other;  and  the  prominent  parts  of  the  figure  which  belong  to 
the  other  two  copper  cylinders  are  filed  off"  in  each  one  respectively.  Thus  three  differ- 
ently figured  inilts  are  very  readily  formed,  each  adapted  to  engrave  its  particular  figure 
upon  a  distinct  copper  cylinder. 

Some  copper  cylinders  for  peculiar  styles  are  not  graved  by  indentation,  as  just  de- 
scribed, but  etched  by  a  diamond  point,  which  is  moved  by  mechanism  in  the  most  curious 
variety  of  configurations,  while  the  cylinder  slowly  revolves  in  a  hoiizontal  line  beneath  it. 
The  result  is  extremely  beautiful,  but  it  would  require  a  very  elaborate  set  of  drawings  to 
represent  the  machinery"  by  which  Mr.  Locket  produces  it.  The  copper  is  covered  by  a  re- 
sist varnish  while  beinjj  heated  by  the  transmission  of  steam  through  its  axis.  After  being 
etched,  it  is  suspended  horizontally  by  the  ends,  for  about  five  minutes,  in  an  oblong  trough 
charged  with  dilute  nitric  acid. 

With  regard  to  the  two  and  three-colored  machines,  we  must  observe,  that  as  the  calico 
in  passing  between  the  cylinders  is  stretched  laterally  from  thecentrallineof  the  web,  the 
figures  engraved  upon  the  cylinders  must  be  proportionally  shortened,  in  their  lateral  di- 
mensions especially,  for  the  first  and  second  cylinder. 

Cylinder  printing,  though  a  Scotch  invention,  has  received  its  wonderful  develop- 
ment in  England,  and  does  the  greatest  honor  to  this  country.  The  economy  of 
labor  introduced  by  these  machines  is  truly  marvellous ;  one  of  them,  under  the 
guidance  of  a  man  to  regulate  the  rollers,  and  the  service  of  a  boy,  to  supply  the 
color  troughs,  being  capable  of  printing  as  many  pieces  as  nearly  200  men  and  boys 
could  do  with  blocks.  The  perfection  of  the  engraTins  is  most  honorable  to  our 
artisans.  The  French,  with  all  their  ingenuity  and  neat-handedness,  can  produce  nothing 
approaching  in  excellence  to  the  engraved  cylinders  of  Manchester, — a  painful  admission, 
universally  made  to  me  by  every  eminent  manufacturer  in  Alsace,  whom  I  visited  in  my 
late  tour. 
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Another  modiiication  of  cylinder  printing,  is  that  with  M'ooden  rollers  cut  in  relief;  it 
is  called  surface  printing,  probably  because  the  thickened  color  is  applied  to  a  tense  sur 
face  of  woollen  cloth,  from  which  the  roller  takes  it  up  by  revolving  in  contact  with  tht 
cloth.  When  the  copper  cylinders  and  the  wooden  ones  are  combined  in  one  apparatus, 
it  has  got  the  appropriate  name  of  the  union  printing  macliine. 

In  mounting  three  or  more  cylinders  in  one  frame,  many  more  adjustments  become  ne- 
cessary than  those  described  above.  The  first  and  most  important  is  that  which  ensures 
the  correspondence  between  the  partoof  the  figures  in  the  successive  printing  rollers,  for 
unless  those  of  the  second  and  subsequent  engraved  cylinders  be  accurately  inserted  into 
their  respective  places,  a  confused  pattern  would  be  produced  upon  the  cloth  as  it  advan- 
ces round  the  pressure  cylinder  b,  Jigs.  233,  234. 

Each  cylinder  must  have  a  forward  adjustment  in  the  direction  of  rotation  round  its 
axis,  so  as  to  bring  the  patterns  into  correspondence  with  each  other  in  the  length  of  the 
piece;  and  also  a  lateral  or  traverse  adjustment  in  the  line  of  its  axis,  to  efiect  the  corres- 
pondence of  the  figures  across  the  piece ;  and  thus,  by  both  together,  each  cylinder  may 
be  made  to  work  symmetrically  with  its  fellows. 

Fig.  234  is  a  cross  section  of  a  four-color  cylinder  machine,  by  which  the  working 
parts  are  clearly  illustrated. 

A  A  A  is  a  part  of  the  two  strong  iron  frames  or  cheeks,  in  which  the  various  rollers 
are  mounted.     They  are  bound  together  by  the  rods  and  bolts  a  a  a  a. 

B  is  the  large  iron  pressure  cylinder,  which  rests  with  its  gudgeons  in  bearings  or  bush- 
es, which  can  be  shifted  up  and  down  in  slots  of  the  side  cheeks  A  A.  These  busiics  are 
suspended  from  powerful  screws  6,  which  turn  in  brass  nuts,  made  fast  to  the  top  of  the 
frame  A,  as  is  plainly  shown  in  the  figure.  These  screv/s  serve  to  counteract  Ihe  strong 
pressure  applied  beneath  that  cylinder,  by  the  engraved  cylinders  d  e. 

c  D  E  F  are  the  four  printing  cylinders,  named  in  the  order  of  their  operation.  They 
consist  of  strong  tubes  of  copper  or  gun-metal,  forcibly  thrust  by  a  screw  press  upon  the 
iron  mandrels,  round  which  as  shafts  they  revolve. 

The  first  and  last  cylinder  c  and  f  are  mounted  in  brass  bearings,  which  may  be  shifted 
in  horizontal  slots  of  the  frame  A.  The  pressure  roller  B,  against  whose  surface  ihey 
bear  with  a  vei7  little  obliquity  downwards,  may  be  nicely  adjusted  to  that  pressure  by  its 
elevating  and  depressing  screws.  By  this  means  c  and  f  can  be  adjusted  to  b  with  geo- 
metrical precision,  and  made  to  press  it  in  truly  opposite  directions. 

The  bearings  of  the  cj;linders  d  and  e  are  lodged  also  in  slots  of  the  frame  a,  which 
point  obliquely  upwards,  towards  the  centre  of  b.  The  pressure  of  these  two  print  cylin- 
ders c  and  F  is  produced  by  two  screws  c  and  d,  which  work  in  brass  nuts,  made  fast 
to  the  frame  and  very  visible  in  the  figure.  The  frame-work  in  which  these  bearings  and 
screws  are  placed,  has  a  curvilinear  form,  in  order  to  permit  the  cylinders  to  be  readily 
removed  and  replaced ;  and  also  to  introduce  a  certain  degree  of  elasticity.  Hence  the 
pressure  applied  to  the  cylinders  c  and  r,  partakes  of  the  nature  of  a  spring ;  a  circum- 
stance essential  to  their  working  smoothly,  on  account  of  the  occasional  inequalities  in  the 
thickness  of  the  felt  web  and  the  calico. 

The  pressure  upon  the  other  two  print  cylinders  n  andE  is  produced  by  weights  acting 
with  levers  against  the  bearings.  The  bearings  of  d  are,  at  each  of  their  ends,  acted 
upon  by  cylindrical  rods,  which  slide  in  long  tubular  bosses  of  the  frame,  and  press  with 
their  nuts  g  at  their  under  end  upon  the  small  arms  of  two  strong  levers  g,  which  lie  on 
each  side  of  the  machine,  and  whose  fulcrum  is  at  h  (in  the  lower  corner  at  the  left  hand). 
The  long  arms  of  these  levers  g,  are  loaded  with  weights  h,  whereby  they  are  made  lo 
press  up  against  the  bearings  of  the  roller  r,  with  any  degree  of  force,  by  screwing  up 
the  nut  g,  and  hanging  on  the  requisite  weights. 

The  manner  in  which  the  cylinder  e  is  pressed  up  against  b,  is  by  a  similar  construc- 
tion to  that  just  described.  With  each  of  its  bearings,  there  is  connected  by  the  link  k, 
a  curved  lever  i,  whose  fulcrum  or  centre  of  motion  is  at  the  bolt  /.  To  the  outer  end 
of  this  lever,  a  screw,  m,  is  attached,  which  presses  downwards  upon  the  link  n,  connect- 
ed with  the  small  arm  of  the  strong  lever  k,  whose  centre  of  motion  is  at  o.  By  turning 
therefore  the  screw  m,  the  weight  l,  laid  upon  the  end  of  the  long  arm  of  the  lever  k  (of 
which  there  is  one  upon  each  side  of  the  machine),  maybe  made  lo  act  or  not  at  pleasure 
Upon  the  bearings  of  the  cylinder  e. 

In  tracing  the  operation  of  this  exquisite  printing  machine,  we  shall  begin  with  the 
first  engraved  cylinder  c.  Its  bearings  or  bushes  shift,  as  was  already  stated,  in  slots  of 
the  frame  a.  Each  of  them  consists  of  a  round  piece  of  iron,  to  which  the  end  of  the 
screw  c  is  joined,  in  the  same  way  as  at  d,  in  the  opposite  side.  In  each  of  these  iron 
bearings,  a  concave  brass  is  inserted  to  support  the  collar  of  the  shaft,  and  in  a  dove- 
tailed slit  of  this  brass,  a  sliding  piece  is  fitted,  upon  which  a  set  or  adjusting  screw  in 
the  iron  bearing  acts,  and  which,  being  forced  against  the  copper  cylinder  c,  serves  to 
adjust  the  line  of  its  axis,  and  to  keep  it  steady  between  its  bearings,  and  true  in  its 
rotatory  motion.    Upon  the  iron  bearing  a  nlate  is  screwed,  provided  with  two  flanges, 
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which  support  the  color  trough  q,  and  the  color  roller  m.     This  trough,  as  well  as  the 
others  to  be  mentioned  presently,  is  made  of  sheet  copper  in  the  sides  and  bottom,  and 
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fixed  upon  a  board ;  but  its  ends  are  made  of  plates  of  cast  copper  or  gun-metal  to  serve 
as  bearinss  to  tlie  color  roller  ai.  The  trough  and  its  roller  may  be  shifted  both  together 
into  contact  with  the  printing  cylinder  c,  by  means  of  the  screw  r.  Near  s,  seen  above 
the  roller,  c,  and  t  below  it,  are  sections  of  the  two  doctors,  which  keep  the  engraved 
cylinders  in  sound  working  condition;  the  former  being  the  colour  doctor,  and  the  latter 
the  lint  doctor.  Their  ends  lie  in  brasses,  which  may  be  adjusted  by  the  screws  u  and  v, 
working  in  the  respective  brackets,  which  carry  their  brasses,  and  are  made  fast  to  the 
iron  bearings  of  the  cylinder. 

The  pressure  of  the  color  doctor  is  produced  by  two  weights  lo,  (see  high  up  on  the 
frame  work,)  which  act  on  a  pair  of  small  levers  a-,  (one  on  each  side  of  the  machine,) 
and  thus,  by  means  of  the  chains,  tend  to  lift  the  arms  y,  attached  to  the  end  axles  of  the 
doctor.  The  pressure  of  the  lint  doctor  upon  the  cylinder  c,  is  performed  by  the  screw 
2,  pressing  upon  an  arm  which  projects  downwards,  and  is  attached  to  the  axle  of  that 
doctor. 

The  bearings  of  the  second  printing  cylinder  d,  consist  at  each  end  of  a  mass  of  iron 
(removed  in  the  drawing  to  show  the  mechanism  below  it),  which  shifts  in  the  slanting 
slot  of  the  frame  a.  In  each  of  these  masses  there  is  another  piece  of  iron,  which  slides 
in  the  transverse  direction,  and  may  be  shifted  by  the  adjusting  screv/  a'  fixed  to  it,  and 
working  in  a  nut  cast  upon  the  principal  bearing  above  described.  To  the  inner  bear- 
ings, which  carry  the  brasses  in  which  the  shaft  lies,  are  screwed  the  two  curved  arms 
b'  b'  to  which  are  attached  the  bearings  &c.,  for  the  color  trough  and  the  doctors.  In 
these  brasses  there  are  also  dovetailed  pieces,  which  slide  and  are  pressed  by  set  screws 
furnished  with  square  heads  in  the  iron  secondary  bearings,  which  serve,  as  before  said,  to 
adjust  the  printing  cylinder  in  the  line  of  its  axis,  while  other  screws  adjust  the  distance 
of  the  cloth  upon  which  the  second  color  is  printed,  and  the  line  of  contact  with  the 
cylinder  b. 

N,  is  the  color  roller  of  d,  and  d'  the  color  trough,  which  rests  by  its  board  upon  the 
lever  e';  whose  centres  of  motion/',  are  made  fast  to  the  curved  arms  6',  fixed  at  the 
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bearings  of  the  cylinder,  and  whose  ends  are  suspended  by  screws  g' ;  whereby  the  color 
roller  n,  may  be  pressed  with  greater  or  less  force  to  the  cylinder  d.  h'  and  i'  are  the 
two  doctors  cf  this  cylinder ;  the  former  being  the  color,  the  latter  the  lint  doctor. 
They  rest,  as  was  said  of  the  cylinder  c,  in  brasses  which  are  adjustable  by  means  of 
screws,  that  work  in  the  studs  or  brackets  by  which  the  brasses  are  supported.  These 
brackets  must  of  course  be  screwed  to  the  secondary  bearing-pieces,  in  order  that  they 
may  keep  their  position,  into  whatever  direction  the  bearings  may  be  shifted,  k'  and  I' 
are  these  set  screws  for  the  color  and  lint  doctors.  The  pressure  of  the  former  upon  the 
cylinder  d,  is  produced  by  weights  m',  acting  upon  levers  n',  and  pressing  by  rods  or  links 
o',  upon  arms  attached  to  each  end  of  the  axis  of  the  docliir.  (See  the  left  hand  side  of 
the  figure  near  the  bottom.)  The  lint-doctor  i'  is  pressed  in  a  similar  way  at  the  other 
side  upon  the  cylinder  d,  by  the  weights  acting  upon  levers  p',  and  by  rods  q'  upon  arms 
fixed  at  each  end  of  the  axis  of  the  doctor. 

The  bearings  of  the  third  printing  cylinder  e,  are  of  exactly  the  same  construction  as 
that  above  described,  and  therefore  require  no  particular  detail.  The  lint  doctor  s,  is 
here  pressed  upon  the  engraved  cylinder  by  screws  t',  working  in  the  ends  of  studs  or 
arms  fixed  upon  each  end  of  the  axis  of  the  doctor,  and  pressing  ppon  flanges  cast  upon 
the  brackets  in  which  the  brasses  of  the  doctor's  axis  lie,  which  are  made  fast  to  the  bear- 
ings of  the  cylinder  e. 

The  bearings  of  the  fourth  copper  cylinder  F,  are  also  constructed  in  a  similar  way. 
Each  consists  of  a  first  bearing,  to  which  is  joined  the  end  of  the  screw  d,  by  which  it 
is  made  to  slide  in  a  slot  of  the  frame.  Another  bearing,  which  contains  the  brass  for 
the  shaft  of  the  cylinder,  can  be  shifted  up  and  down  in  a  transverse  direction  by  a  screw 
s',  of  the  second  bearing,  working  in  a  nut  cast  upon  the  first  bearing.  To  this  secondary 
bearing,  plates  are  made  fast  by  the  screws  v'  v'  to  the  inside,  to  carry  the  studs  or 
brackets  of  the  doctors  x'  and  y'.  In  the  brasses  of  the  cylinder  shaft,  dovetailed  pieces 
are  made  to  slide,  being  pressed  by  set  screws  to',  against  the  engraved  cylinder  f,  similar 
to  what  has  been  described  for  adjusting  the  cylinders  to  one  another.  This  cylinder  has 
no  separate  color  roller,  nor  trough,  properly  speaking,  but  the  color  doctor  y'  is  made 
concave  to  serve  the  purpose  of  a  trough  in  supplying  the  engraved  lines  of  the  cylinder 
with  color.  With  this  view  the  top  plate  of  the  doctor  is  curved  to  contain  the  colored 
paste,  and  it  is  shut  up  at  the  ends  by  pieces  of  wood  made  to  fit  the  curvature  of  the  doctor. 
Its  pressure  against  the  engraved  surface  is  produced  by  weights  a",  acting  at  the  ends 
of  arms  b",  attached  to  the  ends  of  the  axis  of  the  doctor.  The  pressure  of  the  lint 
doctor  x'  is  given  by  screws  c",  working  in  arms  attached  to  the  ends  of  the  axis  of  the 
doctor,  and  pressing  upon  the  flanges  d",  cast  upon  the  brackets  which  carry  the  brasses 
for  the  axis  of  the  doctor.  These  brasses  are  themselves  adjustable,  like  those  of  all  the 
other  cylinders,  by  set  screws  in  the  brackets,  which  work  in  the  nuts  formed  in  the 
brasses. 

e"  e",  is  the  endless  web  of  felt  stuff  which  goes  round  the  cylinder  b,  and  constitutes 
the  soft  elastic  surface  upon  which  the  printing  cylinders  c,  d,  e,  and  f  exercise  their 
pressure.  This  endless  felt  is  passed  over  a  set  of  rollers  at  a  certain  distance  from  the 
machine,  to  give  opportunity  for  the  drying  up  of  any  coloring  paste  which  it  may 
have  imbibed  from  the  calico  in  the  course  of  the  impressions.  In  its  return  to  the  ma- 
chine in  the  direction  of  the  arrow,  it  is  led  over  a  guide  roller  o,  which  is  thereby  made 
to  revolve.  Upon  the  two  ends  of  this,  and  outside  of  the  bearings  which  are  fixed  upon 
the  tops  of  the  frame  A,  are  two  eccentrics,  one  of  which  serves  to  give  a  vibratory  tra- 
verse movement  to  the  color  doctors  s',  h',  and  r'  of  the  three'  cylinders,  c,  d,  and  e, 
whilst  the  other  causes  the  color  doctor  y'  of  the  cylinder  f,  to  make  lateral  vibra- 
tions. 

Q  is  one  of  a  pair  of  cast-iron  brackets,  screwed  on  at  the  back  of  the  side-frames  or 
cheeks  a  a,  to  carry  the  roller  filled  with  white  calico  r,  ready  for  the  printing  operations. 
Upon  the  end  of  the  shaft  whereon  the  calico  is  coiled,  a  pulley  is  fixed,  over  which  a 
rope  passes  suspending  a  weight  in  order  to  produce  friction,  and  thereby  resistance  to 
the  action  which  tends  to  unwind  the  calico.  In  winding  it  upon  that  and  similar 
rollers,  the  calico  is  smoothed  and  expanded  in  breadth  by  being  passed  over  one  or 
more  grooved  rods,  or  over  a  wooden  bar  ?;fig.  235,  the  surface 
of  which  is  covered  with  wire,  so  as  to  have  the  appearance  of  a 
united  right  and  left-handed  screw.     By  this  device,  the  calico, 

folded  or  creased  at  any  part,  is  stretched  laterally  from  the 

233  S  centre,  and  made  level.     It  then  passes  over  the  guide-roller 

o,  where  it  comes  upon  the  surface  of  the  felt  e"  e",  and  thence  proceeds  under  its  guid- 
ance to  the  series  of  printing  cylinders. 

Three  and  four- color  machines,  similar  to  the  above,  are  now  at  work  in  many  es- 
tablishments in  Lancashire,  which  will  tarn  off  a  piece  of  28  yards  per  minute,  each  of 
the  three  or  four  cylinders  applying  its  peculiar  part  of  the  pattern  to  the  cloth  as  it 
passes  along,  by  ceaseless  rotation  of  the  unwearied  wheels.    At  this  rate,  the  astonishing 
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length  of  one  mile  of  manj-colored  web  is  printed  witn  elegant  flowers  and  other 
figures  in  an  hour.  When  we  call  to  mind  how  much  knowledge  and  skill  are  involved 
in  this  process,  we  may  fairly  consider  it  as  the  greatest  achievement  of  chemical  and 
meclmnical  science. 

Before  entering  upon  the  different  styles  of  work  which  constitute  calico-printing,  1 
shall  treat,  in  the  first  place,  of  what  is  common  to  them  all,  namely,  the  thickening  ol 
the  mordants  and  colors.  This  is  an  operation  of  the  greatest  importance  towards  the 
successful  practice  of  the  ait.  Several  circumstances  may  require  the  consistence  of  the 
thickening  to  be  varied ;  such  as  the  nature  of  the  mordant,  its  density,  and  its  acidity. 
A  strong  acid  mordant  cannot  be  easily  thickened  with  starch ;  but  it  may  be  by  roasted 
starch,  vulgarly  called  British  gum,  and  by  gum  arabic  or  Senegal.  Some  mordants 
which  seem  sufficiently  inspissated  with  starch,  liquefy  in  the  course  of  a  few  days,  and, 
being  apt  to  run  in  the  printing-on,  make  blotted  work.  In  France,  this  evil  is  readily 
obviated  by  adding  one  ounce  of  spirits  of  wine  to  half  a  gallon  of  color — a  remedy 
which  the  English  excise  draies  render  too  costly. 

The  very  same  mordant,  when  inspissated  to  different  degrees,  produces  different  tints 
in  the  dye-copper — a  difference  due  to  the  increased  bulk  from  the  thickening  substance; 
thus,  the  same  mordant,  thickened  with  starch,  furnishes  a  darker  shade  than  when 
thickened  with  gum.  Yet  there  are  circumstances  in  which  the  latter  is  preferred,  be- 
cause it  communicates  more  transparency  to  the  dyes,  and  because,  in  spite  of  the  wash- 
ing, more  or  less  of  the  starch  always  sticks  to  the  mordant.  The  gum  has  the 
inconvenience,  however,  of  drying  too  speedil}',  and  of  also  increasing  too  much  the 
volume  of  the  mordants ;  by  both  of  which  causes  it  obstructs  their  combination  with  the 
staff,  and  the  tints  become  thin  or  scratchy. 

The  substances  generally  employed  as  thickeners  are  the  following : — 

1.  Wheat  starch. 

2.  Flour. 

3.  Roasted  starch. 

4.  Gum  Senegal. 

*  5.  Gum  tragacanth. 

6.  Salep. 

7.  Pipe-clay,  mixed  with  gum  Senegal. 

8.  Sulphate  of  lead. 

9.  Sugar. 

10.  Molasses. 

11.  Glue. 

After  thickening  with  gum,  we  ought  to  avoid  adding  metallic  solutions  in  the  liquid 
state;  such  as  nitrate  of  iron,  of  copper,  solutions  of  tin,  of  subacetale  of  lead,  &c. ; 
as  they  possess  the  property  of  coagulating  gum.  I  shall  take  care  to  specify  the  nature 
and  proportion  of  thickening  to  be  employed  for  each  color;  a  most  important  matter, 
hitherto  neslecled  by  English  writers  upon  calico-printing. 

The  atmosphere  of  the  printing  shops  should  never  be  allowed  to  cool  under  65°  or 
70°  F. ;  and  it  should  be  heated  by  proper  stoves  in  cold  weather,  but  not  rendered  too 
dry.  The  temperature  and  moisture  should  therefore  both  be  regulated  with  the  aid  of 
thermometers  and  hydrometers,  as  they  exercise  a  great  influence  upon  all  the  printing 
processes,  and  especially  upon  the  combination  of  the  mordant  with  the  cloth.  In  the 
course  of  the  desiccation,  a  portion  of  the  acetic  acid  evaporates  with  the  water,  and  sub- 
acetates  are  formed,  which  combine  with  the  stuff  in  proportion  as  the  solvent  principle 
escapes ;  the  water,  as  it  evaporates,  carries  off  acetic  acid  with  it,  and  theieby  aids  the 
fixation  of  bases.  These  remarks  are  peculiarly  appropriate  to  delicate  impressions  by 
the  cylinder  machine,  where  the  printing  and  drying  are  both  rapidly  effected.  In  the 
lapis  lazuli  style,  the  strong  mordants  are  apt  to  produce  patches,  being  thickened  with 
pipe-clay  and  gum,  which  obstruct  the  evaporation  of  the  acids.  They  are  therefore  apt 
to  remain,  and  to  dissolve  a  portion  of  the  mordants  at  their  immersion  in  the  blue  vat, 
or  at  any  rate  in  the  dnng  bath.  In  such  a  case,  a  hot  and  humid  air  is  indispensable, 
after  the  application  of  the  mordants,  and  sometimes  the  stuffs  so  impregnated  must  be 
suspended  in  a  damp  chamber.  To  prevent  the  resist  pastes  becoming  rapidly  crusty, 
substances  apparently  useless  are  mixed  with  them,  but  which  act  beneficially  by  their 
hygrometric  qualities,  in  retarding  the  desiccation.  Oil  also  is  sometimes  added  with 
that  view. 

It  is  often  observed  that  goods  printed  upon  the  same  day,  and  with  the  same  mordant, 
exhibit  inequalities  in  their  tints.  Sometimes  the  color  is  strong  and  decided  in  one 
part  of  the  piece,  while  it  is  dull  and  meager  in  another.  The  latter  has  been  printed 
in  too  dry  an  atmosphere.  In  such  circumstances  a  neutral  mordant  answers  best,  espe- 
cially if  the  goods  be  dried  in  a  hot  flue,  through  which  humid  vapors  are  in  constant 
circulation. 

In  padding,  where  the  whole  surface  of  the  calico  is  imbued  with  mordant,  the  drying 
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apartment  or  flue,  in  which  a  great  many  pieces  are  exposed  a^nce,  should  be  so  coa- 
stnicted  as  to  afford  a  ready  outlet  to  the  aqueous  and  acid  exhalations.  The  cloth  ought 
to  be  introduced  into  it  in  a  distended  slate ;  because  the  acetic  acid  may  accumulate  in 
the  foldings,  and  dissolve  out  the  earthy  or  metallic  base  of  the  mordant,  causing  white 
and  gray  spots  in  such  parts  of  the  printed  goods.  Fans  may  be  employed  with  great  ad- 
vantage, combined  with  Hot  Flues.     (See  this  article.) 

In  the  color  laboratory,  all  the  decoctions  requisite  for  the  print  work  should  be  ready 
prepared.  They  are  best  made  by  a  steam  heat,  by  means  of  copper  boilers  of  a  cylin- 
dric  form,  rounded  at  the  bottom,  and  incased  within  a  cast-iron  cylinder,  the  steam  being 
supplied  to  the  space  between  the  two  vessels,  and  the  dye-stuff  and  water  being  intro- 
duced into  the  interior  one,  which  for  some  delicate  purposes  may  be  made  of  tin,  or  cop- 
per tinned  inside.  A  range  of  such  steam  apparatus  should  be  placed  either  along  one  of 
the  side  walls,  or  in  the  middle  line  of  the  laboratory.  Proper  tables,  diawers,  vials, 
with  chemical  reagents,  measures,  balances,  &c.,  should  also  be  provided.  The  most  use- 
ful dye-extracts  are  the  following : — 

Decoction  of  logwood,  of  Brazil-wood,  of  Persian  berries,  of  quercitron  bark,  of  nut- 
galls,  of  old  fustic,  of  archil  or  cutbear,  of  cochineal,  of  cochineal  with  ammonia,  of 
catechu. 

The  following  mordants  should  also  be  kept  ready  prepared  : — 

1.  Aluminous  mordant. 

Take  50  gallons  of  boiling  water. 

100  lbs.  of  alum. 

10  lbs.  of  soda  crystals. 

75  lbs.  of  acetate  of  lead. 
The  soda  should  be  added  slowly  to  the  solution  of  the  alum  in  the  water,  and  when 
the  effervescence  is  finished,  the  pulverized  acetate  of  lead  is  put  in  and  well  stirred  about 
ILU  it  be  all  dissolved  and  decomposed.  During  the  cooling,  the  mixture  should  be  raked 
up  a  few  times,  and  then  allowed  to  settle.  The  supernatant  liquor  is  the  mordant;  it  has 
a  density  of  11°  or  11^"^  Baume.  It  serves  for  reds  and  pinks,  and  enters  into  the  com- 
position of  puce  and  lilach. 

2.  Aluminous  mordant. 
Take  50  gallons  of  water. 

100  lbs.  of  alum. 
10  lbs.  of  soda  crystals. 

100  lbs.  of  acetate  of  lead ; — operate  as  above  directed. 
The  supernatant  liquor  here  has  a  density  of  12°  Baume ;  it  is  employed  for  lapis  resists 
or  reserves,  and  the  cylinder  printing  of  madder  reds. 

3.  Aluminous  mordant. 
Take  50  gallons  of  water. 

100  lbs  of  alum. 
6  lbs.  of  soda  crystals. 

50  lbs.  of  acetate  of  lead  ; — operate  as  above  directed. 
This  mordant  is  employed  for  uniform  yellow  grounds. 

4.  Aluminous  mordant. 

This  is  made  by  adding  potash  to  a  solution  of  alum,  till  its  earth  begins  to  be  separa- 
ted, then  boiling  the  mixture  to  precipitate  the  subsulphate  of  alumina,  which  is  to  be 
strained  upon  a  filter,  and  dissolved  in  acetic  acid  of  moderate  strength  with  the  aid  of 
heat.     This  mordant  is  very  rich  in  alumina,  and  marks  20°  B. 

5.  Aluminous  mordant. 
Take  12|  gallons  of  water. 

100  lbs.  of  alum. 

150  lbs.  of  liquid  pyrolignite  of  lime  at  n|°  Baume. 
This  mordant  is  made  with  heat  like  the  first;  after  cooling,  some  alum  crystallizes, 
and  it  marks  only  12^°  B. 

A  mordant  is  made  by  solution  of  alum  in  potash,  commonly  called — 

6.  Aluminate  of  potash.  The  caustic  ley  is  prepared  by  boiling  together  for  an  hour 
100  gallons  of  water,  200  lbs.  of  potash,  and  80  lbs.  of  quicklime ;  the  mixture  is  then 
allowed  to  settle,  the  supernatant  liquor  is  decanted,  and  evaporated  till  its  density  be  35"* 
B.  In  30  gallons  of  that  ley  at  a  boiling  heat,  100  lbs.  of  ground  alum  are  to  be  dissolved. 
On  cooling,  crystals  of  sulphate  of  potash  separate.  The  clear  liquor  is  to  be  decanted  off, 
and  the  crystals  being  washed  with  a  little  water,  this  is  to  be  added  to  the  ley.  About 
33  gallons  of  mordant  should  be  obtained. 

Mordant  for  Black. 
The  pyrolignite  of  iron,  called  iron  liquor  in  this  country,  is  the  only  mordant  used  in 
calico-printing  for  black,  vinlet,  puce,  and  brown  colors.     The  acetate  of  alumina,  pre- 
pared from  pyroligneous  acid,  is  much  used  by  the  calico-printers  under  the  name  of  red  or 
yellow  liquor,  being  employed  for  these  dyes. 
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We  may  observe  that  a  strong  mordant,  like  No.  2,  does  not  keep  so  well  as  one  of 
mean  density,  such  as  No.  1.  Too  much  mordant  relatively  to  the  demands  of  the  works 
should  therefore  not  be  made  at  a  time. 

There  are  eight  different  styles  of  calico-printing,  each  requiring  different  methods  of 
manipulation,  and  peculiar  processes. 

1.  The  madder  style,  to  which  the  best  chintses  belong,  in  which  the  mordants  are  ap- 
plied to  the  white  cloth  with  many  precautions,  and  the  colors  are  afterwards  brought  up 
in  the  dye-bath.     These  constitute  permanent  prints. 

2.  The  padding  or  plaquage  style,  in  which  the  whole  surface  of  the  calico  is  imbued  with 
a  mordant,  upon  which  afterwards  different  colored  figures  may  be  raised,  by  the  topical 
application  of  other  moi'dants  joined  to  the  action  of  the  dye-bath. 

3.  The  reserve  style,  where  the  white  cloth  is  impressed  with  figures  in  resist  paste, 
and  is  afterward  subjected  first  to  a  cold  dye,  as  the  indigo  vat,  and  then  to  a  hot  dye- 
bath,  with  the  effect  of  producing  white  or  colored  spots  upon  a  blue  ground. 

4.  The  discharge  or  rongeant  style,  in  which  thickened  acidulous  matter,  either  pure  or 
mixed  with  mordants,  is  imprinted  in  certain  points  upon  the  cloth,  which  is  afterwards 
padded  with  a  dark-colored  mordant,  and  then  dyed,  with  the  effect  of  showing  bright 
figures  on  a  darkish  ground. 

5.  China  blues ;  a  style  resembling  blue  stone-ware,  which  requires  very  peculiar 
treatment. 

6.  The  decoloring  or  enlevage  style;  by  the  topical  application  of  chlorine  or  chromic 
acid  to  dyed  goods.     This  is  sometimes  called  a  discharge. 

7.  Steam  colors ;  a  style  in  which  a  mixture  of  dye  extracts  and  mordants  is  topical- 
ly applied  to  calico,  while  the  chemical  reaction  which  fixes  the  colors  to  the  fibre  is  pro- 
duced by  steam. 

8.  Spirit  colors ;  produced  by  a  mixture  of  dye  extracts,  and  solution  of  tin,  vulgarly 
called  spirit  by  dyers.     These  colors  are  brilliant  but  fugitive. 

I.  The  madder  style;  called  by  some  dip  colors.  The  true  chints  patterns  belong  to  it; 
they  have  from  5  to  7  colors,  several  of  which  are  grounded-in  after  the  first  dye  has 
been  given  in  the  madder  bath. 

In  dyeing  with  madder,  sumach,  fustic,  or  quercitron,  is  sometimes  added  to  the  bath, 
in  order  to  produce  a  variety  of  tints  with  the  varioiis  mordants  at  one  operation. 

1.  Suppose  we  wish  to  produce  flowers  or  figures  of  any  kind  containing  red,  purple, 
and  black  colors,  we  may  apply  the  three  mordants  at  once,  by  the  three-color  cylinder 
machine,  putting  into  the  first  trough  acetate  of  alumina  thickened;  into  the  second,  ace- 
tate of  iron ;  and  into  the  third,  a  mixture  of  the  two ;  then  drying  in  the  air  for  a  few 
days  to  fix  the  iron,  dunging  and  dyeins;  up  in  a  bath  of  madder  and  sumach.  If  we  wish 
to  procure  the  finest  madder  reds  and  pinks,  besides  the  purple  and  bladi,  we  must  apply 
at  first  only  the  acetate  of  alumina  of  two  densities,  by  two  cylinders,  dry,  dung,  and  dye 
up,  in  a  madder  bath.  The  mordants  of  iron  liquor  for  the  black,  and  of  iron  liquor 
mixed  with  the  aluminous  for  purple,  must  be  now  grounded-in  by  blocks,  taking  care  to 
insert  these  mordants  into  their  precise  spots :  the  goods  being  then  dried  with  airing  for 
several  days,  and  next  dunged,  are  dyed  up  in  a  bath  of  madder  and  sumach.  They  must 
be  afterwards  cleared  by  branning.     See  Bran,  Dunging,  and  Madder. 

2.  Suppose  we  wish  to  produce  yellow  with  red,  pink,  purple,  and  black ;  in  this  case 
the  second  dye-bath  should  contain  quercitron  or  fustic,  and  the  spots  intended  to  be  yel- 
low should  receive  the  acetate  of  alumina  mordant. 

3.  The  mordant  for  a  full  red  maybe  acetate  of  alumina,  of  spec.  grav.  1-055,  thickened 
with  starch,  and  tinged  with  Brazil-wood ;  that  for  a  pale  red  or  pink,  the  same  at  spec, 
gravity  1-014,  thickened  with  gum;  that  for  a  middling  red,  the  same  at  spec,  gravity 
1-027,  thickened  with  British  gum ;  and  for  distinction's  sake,  it  may  be  tinged  yellow 
with  Persian  beTries.  The  mordant  for  black  is  a  pyroligneous  acetate  of  iron,  of  specific 
gravity  1-04;  for  purple  the  same,  diluted  with  six  times  its  volume  of  water;  for 
chocolate,  that  iron  liquor  mixed  with  acetate  of  alumina,  in  various  proportions  accord- 
ing to  the  shade  wanted.  Sumach  is  mixed  with  the  madder  for  all  these  colors  except  for 
the  purple.  The  quantity  of  madder  required  varies  according  to  the  body  of  color  to  be 
put  upon  the  cloth,  being  from  one  pound  per  piece  to  three  or  even  four.  The  goods 
must  be  entered  when  the  copper  is  cool,  be  gradually  heated  during  two  or  three  hours, 
up  to  ebullition,  and  sometimes  boiled  for  a  quarter  of  an  hour ;  the  pieces  being  all  the 
while  turned  with  a  wince  from  the  one  side  of  the  copper  to  the  other.  (See  Wince.) 
They  are  then  washed  and  boiled  in  bran  and  water  for  ten  or  fifteen  minutes.  When 
there  is  much  white  ground  in  the  chints,  they  must  be  branned  a  second  or  even  a  third 
time,  with  alternate  washing  in  the  dash-wheel.  To  complete  the  purification  of  the  white, 
they  are  spread  upon  the  grass  for  a  few  days ;  or  what  is  more  expeditious,  and  equally 
good  if  delicately  managed,  they  are  winced  for  a  few  minutes  in  a  weak  solution  of 
chloride  of  lime. 

4.  In  the  grounding-in  for  yellow,  after  madder  reds,  the  aluminous  mordant  being 
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applied,  &c.,  the  piece  is  dyed,  for  about  an  hour,  with  one  pound  of  quercitron  bark, 
the  infusion  being  gradually  heated  to  150°  or  160°,  but  not  higher. 

5.  A  yellow  is  sometimes  applied  in  chints  work  after  the  other  colors  are  dyed,  by 
means  of  a  decoction  of  Persian  berries  mixed  with  the  aluminous  mordant,  thickened 
with  flour  or  gum,  and  printed-on  with  the  block;  the  piece,  when  dry,  is  passed 
through  a  weak  carbonated  alkaline  water,  or  lime  water,  then  washed  and  dried  for 
the  market. 

6.  Black  mordant. — Take  half  a  gallon  of  acetate  of  iron,  of  spec.  grav.  1'04, 4  ounces 
of  starch,  and  4  ounces  of  flour.  The  starch  must  first  be  moistened  with  the  acetate, 
then  the  flour  must  be  added,  the  rest  of  the  acetate  well  mixed  vnth  both,  and  the 
whole  made  to  boil  over  a  brisk  fire  for  five  minutes,  stirring  meanwhile  to  prevent  adhe- 
sion to  the  bottom  of  the  pot.  The  color  must  be  poured  into  an  earthen  pipkin,  and 
well  mixed  with  half  an  ounce  of  gallipoli  oil.  In  general,  all  the  mordants,  thickened 
with  starch  and  flour,  must  be  boiled  for  a  few  minutes.  With  British  gum  or  common 
gum,  they  must  be  heated  to  160°  F.,  or  thereby,  for  the  purpose  merely  of  dissolving 
them.  The  latter  should  be  passed  through  a  sieve  to  separate  the  impurities  often 
present  in  common  gum. 

7.  Puce  mordant. — Take  a  quart  of  acetate  of  alumina  and  acetate  of  iron,  each  of 
spec.  grav.  1*04,  mixed  and  thickened  like  the  black,  No.  6.  To  give  the  puce  a  reddish 
tinge,  the  acetate  of  alumina  should  have  a  specific  gravity  of  1-048,  and  the  iron  liquor 
only  1-007. 

Red  mordants  are  thickened  with  British  gum,  and  are  sufficiently  colored  with  the 
addition  of  any  tinging  decoction. 

8.  Violet  mordants. — These  consist  either  of  a  very  weak  solution  of  acetate  of  iron, 
of  specific  gravity  1-007,  for  example;  or  of  a  little  of  the  stronger  acetate  of  1-04, 
mixed  with  acetate  of  alumina,  and  a  little  acetate  of  copper,  thickened  with  starch  or 
British  gum.  The  shades  may  be  indefinitely  varied  by  varying  the  proportions  of  the 
acetates. 

When  black  is  one  of  the  colors  wanted,  its  mordant  is  very  commonly  printed-on 
first,  and  the  goods  are  then  hung  upon  poles  in  the  drying-room,  where  they  are  aired 
for  a  few  days,  in  order  to  fix  the  iron  by  its  peroxydizement ;  the  mordants  for  red, 
violet,  &c.,  are  then  grounded  in,  and  the  pieces  are  dyed  up,  after  dunging  and 
washing,  in  the  madder  bath,  into  which,  for  certain  shades,  sumach,  galls,  or  fustic  is 
added.  The  goods  are  brightened  M'ith  a  boil  in  soap  water;  occasionally  also  in  a 
bath,  containing  a  small  quantity  of  solution  of  tin  or  common  salt.  The  following 
mode  of  brightening  is  much  extolled  by  the  French,  who  are  famous  for  their  reds 
and  roses. 

1.  A  soap  boil  of  forty  minutes,  at  the  rate  of  1  pound  for  evei7  2  pieces.  Rinse  in 
clear  water. 

2.  Pass  through  chloride  of  soda  solution  of  such  strength  that  two  parts  of  it  decolor 
one  part  of  Gay  Lussac's  test  liquor.  See  Chloride  of  Lime  and  Indigo.  Wince  the 
pieces  through  it  for  40  minutes.     Rinse  again. 

3.  Pass  it  again  through  the  soap  bath.  No.  1. 

4.  Brigliten  it  in  a  large  bath  of  boiling  water,  containing  4  pounds  of  soap,  and 
1  pound  of  a  cream-consistenced  salt  of  tin,  containing  nearly  half  its  weight  of  the 
muriate  of  tin,  combined  with  as  much  nitric  acid  of  spec.  grav.  1-288.  This  strong 
nitro-muriate  having  been  diluted  with  a  little  water,  is  to  be  slowly  poured  into  the  bath 
of  soap  water,  and  well  mixed  by  stirring.  The  pieces  are  now  put  in,  and  Avinced 
through  it  for  one  half  or  three  quarters  of  nn  hour. 

5.  Repeat  the  soap  boil.  No.  1.     Rinse  and  dry. 

9.  Grounding-in  of  Indigo  blue. 

Take  half  a  gallon  of  water  of  120°  F.,  8  ounces  of  ground  indigo,  and  8  ounces 
of  red  sulphuret  of  arsenic  (orpiment),  8  ounces  of  quicklime,  mix  together,  and  heat 
the  mixture  to  the  boiling  point ;  withdraw  from  the  fire,  and  add,  when  it  is  lukewarm, 
6  ounces  of  carbonate  of  soda,  stir  and  leave  the  whole  at  rest  till  the  next  day.  Then 
decant  the  clear  liquor,  and  thicken  every  quart  of  it  with  half  a  pound  of  gum.  This 
color  ought  to  be  green,  and  be  preserved  in  a  close  vessel.  When  used,  it  is  put  into  a 
pot  with  a  narrow  orifice,  the  pencil  is  dipped  into  it,  wiped  on  the  edge  of  the  pot,  and 
immediately  applied  by  hand.  This  plan  is  tedious,  and  is  nearly  superseded  by  the  fol- 
lowing grounding  blue. 

Take  half  a  gallon  of  caustic  soda  ley  of  spec.  grav.  1-15,  heated  to  120°  F. 

12  ounces  of  hydrate  of  protoxyde  of  tin,  obtained  by  precipitating  it  from  the  muriate 
of  tin  by  solution  of  potash. 

8  ounces  of  ground  indigo ;  heat  these  mixed  ingredients  to  the  boiling  point,  then 
move  the  pot  off"  and  on  the  fire  two  or  three  times  in  succession,  and  finally  thicken 
with  3  pounds  of  raw  sugar.  In  order  to  apply  this  by  the  block,  the  following  ap- 
paratus is  employed,  called  the  canvass  frame;  figs.  236,  237.     It  is  formed  of  a  copper 
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case  or  box  A,  in  which  is  laid  a  frame  b,  filled  with  pretty  stout  canvass.  The  box 
communicates  by  a  tube  with  the  cistern  c,  mounted  with  a  stop-cock  d.  Fig.  237 
represents  tlie  apparatus  in  plan  :  a,  the  box;  n,  the  canvass,  with  its  edges  a  a  a  a, 
fixed  by  pin  points  to  ihe  s-ides.  The  color  is  leared  (tire),  or  spread  even,  with  a 
wooden  scraper  as  broad  as  the  canvass.  In  working  with  this  apparatus,  the  color 
being  contained  in  the  vessel  c  is  drawn  off  into  the  case  a,  by  opening  the  stop-cock  d, 
till  it  rises  to  the  level  of  the  canvass.  The  instant  before  the  printer  daubs  the  block 
upon  the  canvass,  the  icarcr  (lireur),  boy  or  girl,  runs  the  scraper  across  it  to  renew  its 
surface ;  and  the  printer  immediately  transfers  the  color  to  the  cloth.  In  this  kind  of 
printing  great  sldll  is  required  to  give  evenly  impressions.  As  the  blue  is  usually  applied 
to  somewhat  large  designs,  it  is  very  apt  to  run  ;  an  inconvenience  counteracted  by  dust- 
ing fine  dry  sand  upon  the  cloth  as  soon  as  it  is  blocked.  The  goods  must  be  washed 
within  24  liours  after  being  printed. 

10.  Topical  groitnding  blue  for  the  cylinder  press. 
Take  3^  gallons  of  caustic  soda  ley  of  spec.  grav.  1*15. 

3-2-  lbs.  of  ground  indigo.  ^ 

5  lbs.  of  precipitated  protoxyde  of  tin  (as  above). 

Boil  the  mixed  ingredients  for  ten  minutes,  take  them  from  the  fire,  and  add,  first, 
3  lbs.  of  Venice  turpentine ;  then  ]  1  lbs.  of  gum. 

Put  this  mixture  into  the  color  trough,  print  with  it,  and  after  two  days  wash  in  the 
(lash-wheel ;  then  pass  it  through  a  soap-bath,  along  with  a  little  soda,  to  brighten  the 
blue,  and  to  take  o(f  its  grayish  tint. 

The  use  of  the  turpentine  is  easily  explained;  it  serves  to  exclude  the  atmospherical 
oxygen,  and  prevent  the  regeneration  of  the  indigo  blue,  before  it  is  spread  upon  the 
cloth. 

After  the  application  to  white  calico  of  a  similar  blue,  into  which  a  little  acid  muriate 
of  tin  has  been  put,  the  goods  are  dipped  for  ten  minutes  in  thin  milk  of  lime,  shaking 
the  fram'e  all  the  time.  They  are  then  washed,  and  cleared  with  a  soap  boil.  The  fol- 
lowing color  remains  long  in  the  deoxydized  state  from  iis  containing  8  ounces  of  indigo, 
10  ounces  of  hydralcd  protoxyde  of  tin,  and  Ij  pounds  of  solution  of  muriate  of  tin,  to  2 
quarts  of  soda  ley  of  1-15,  thickened  with  2h  pounds  of  gum.  This  blue  may  be  applied 
by  eillier  the  block  or  the  cylinder. 

11.  Topical  Prussian  blue  for  grounding. 

2  quarts  of  water  with  8  ounces  of  starch  are  to  be  mixed  and  boiled;  add  2f  ounces 
of  a  liquid  Prussian  blue  color,  prepared  by  triturating  three  quarters  of  an  ounce  of  that 
pigment  v.'ith  as  much  muriatic  acid,  leaving  the  ingredients  to  react  upon  each  other  for 
24  hours,  and  then  adding  three  quarters  of  an  ounce  of  water. 

Add  4  ounces  of  liquid  perchloride  of  tin  (oxymuriate\ 

Mix  all  toirether,  and  pass  through  a  scarce.  This  color  is  net  very  fast ;  cloth  printed 
with  it  will  bear  only  rinsing. 

12.  Prussian  blue  figures  are  impressed  as  follows  : — 

Dissolve  8  ounces  of  sulphate  of  iron,  and  as  much  acetate  of  lead,  separately  in  2 
quarts  of  boiling  water ;  mix  well,  and  settle.  Take  one  quart  of  this  clear  liquor  re- 
duced to  spec.  grav.  1-02,  one  quart  of  mucilage  containing  3  pounds  of  gum,  colored  with 
a  little  prussiate  of  potash,  mix  into  a  mordant,  and  print  it  on  with  the  cylinder.  Two 
days  afterwards  wash  in  tepid  water  containing  a  little  chalk,  and  then  pass  the  cloth 
through  a  solution  cf  prussiate  of  potash  in  water,  sharpened  with  a  little  muriatic  acid, 
till  it  takes  the  desired  hue.     Finally  rinse. 

II.  The  padding  or  plaquage  style,  caWed  foulard  also  by  the  French.     See  Padding. 

Any  mordant  whatever,  such  as  the  acetates  of  alumina,  or  of  iron,  or  their  mixture, 
may  be  applied  to  the  piece  by  the  padding  machine,  after  which  it  is  dried  in  the  hot 
FLUE,  washed,  dunged,  dyed,  washed,  and  brightened. 

Colors  from  metallic  oxydes  are  very  elegantly  applied  by  the  padding  process.  Thus 
the  iron  buff,  the  manganese  bronze,  and  the  chrome  yellows  and  greens  are  given. 

].  Iron  bufl"  or  chamois. 
Take  50  gallons  of  boiling  water  ; 

150  pounds  of  sulphate  of  iron ;  dissolve  along  with 
10  pounds  of  alum ;  which  partly  saturate  by  the  gradual  addition  of 
5  pounds  of  crystals  of  soda ;  and  in  this  mixture  dissolve 
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50  pounds  of  pyroligneous  acetate  of  lead.  Allow  the  whole  to  settle,  and  draw  ofl'  the 
clear  supernatant  liquid. 

For  furniture  prints  this  bath  should  have  the  spec.  grav.  1"07. 

The  calico  being  padded  in  it,  is  to  be  dried  in  the  hot-flue ;  and  after  48  hours  suspen- 
sion is  to  be  washed  in  water  at  170°  containing  some  chalk,  by  the  wince  apparatus.  It 
is  then  washed,  by  the  same  apparatus,  in  hot  water,  containing  a  pailful  of  soda  ley  of 
spec.  grav.  1-04. 

For  light  tints  the  padding  liquor  should  be  reduced  to  the  spec.  grav.  I'Ol.  The 
dye  in  either  case  may  be  brightened  by  Avincing  through  a  weak  solution  of  chloride  of 
lime. 

Nitrate  of  iron  diffused  through  a  body  of  water  may  be  also  used  for  padding,  with 
alternate  washings  in  water,  and  a  linal  wincing  in  a  weak  alkaline  ley. 

With  a  stronger  solution,  similar  to  the  first,  the  boot-top  color  is  given. 

2.  The  bronze  or  solitaire. 

The  goods  are  to  be  padded  in  a  solution  of  the  sulphate  or  muriate  of  manganese,  of 
a  strength  proportional  to  the  shade  desired,  dried  in  the  hot-flue,  and  then  raised  by 
wincing  them  in  a  boiling-hot  caustic  ley,  of  spec.  grav.  1'08,  and  next  through  a  weeik 
solution  of  chloride  of  lime,  or  soda.  They  are  afterwards  rinsed.  Instead  of  passing 
them  through  the  chloride,  they  may  be  merely  exposed  to  the  air  till  the  manganese  at- 
tracts oxygen,  then  rinsed  and  dried. 

When  the  manganese  solution  has  the  density  of  1-027,  it  gives  a  light  shade;  at  the 
density  of  1*06,  a  shade  of  moderate  depth,  and  at  1*12  a  dark  tint. 

The  texture  of  the  stuff  is  apt  to  be  injured  during  the  oxydation  of  the  manganese. 

8.  Carmelite  is  obtained  by  padding  in  a  mixture  of  muriate  or  sulphate  of  manganese 
and  acetate  of  iron,  then  proceeding  as  above. 

4.  Copper  green  is  given  by  padding  in  a  mixed  solution  of  sulphate  and  acetate  of 
copper  with  a  little  glue,  drying  in  the  hot-flue,  and  next  day  padding  in  a  caustic  ley  of 
spec.  grav.  1*05.  The  goods  are  then  rinsed,  and  padded  througli  a  solution  made  with  8 
ounces  of  arsenious  acid  combined  with  4  ounces  of  potash  diluted  with  2  gallons  of  wa- 
ter.    They  are  finally  rinsed  and  dried. 

5.  Olive  and  cinnamon  colors  are  given  by  padding  through  mixed  solutions  of  the 
acetate  of  iron  and  sulphate  of  copper ;  drying,  and  padding  in  a  caustic  ley  of  spec, 
grav.  I'Oo. 

6.  Green  and  solilaire  form  a  pleasing  umber,  or  hellebore  shade,  which  may  be  ob- 
tained by  padding  through  a  mixed  solution  of  manganese  and  aceto-sulphate  of  copper, 
and  raising  the  shades  as  above  prescribed. 

7.  Chrome  yellow. 

Pad  in  a  solution  of  bichromate  of  potash  containing  8  ounces  of  it  to  the  gallon  of  wa- 
ter ;  then  dry  with  moderate  heat,  and  pad  in  a  solution  of  acetate  or  nitrate  of  lead,  con- 
taining 6  or  8  ounces  in  the  gallon  of  water ;  wash,  and  dry.  Or  we  may  pad  first  in  a 
solution  of  acetate  of  lead  containing  a  little  glue ;  dry,  and  pad  in  solution  of  bichro- 
mate of  potash.  Then  rinse.  The  last  process  is  apt  to  occasion  cloudiness.  To  obtain 
a  light  lemon  tint,  we  must  pad  in  a  solution  of  acetate  of  lead  of  double  the  above 
strength,  or  16  ounces  to  the  gallon,  then  wince  the  pieces  through  weak  milk  of  lime, 
rinse,  pad  through  bichromate  of  potash,  rinse  and  dry. 

8.  Chrome  orange. 

Pad  through  a  mixed  solution  of  the  subacetate  and  acetate  of  lead,  three  times  in  suc- 
cession, and  dry  in  the  hot-flue;  then  wince  for  ten  minutes  through  weak  milk  of  lime; 
rinse ;  wince  for  a  quarter  of  an  hour  in  a  warm  solution  of  bichromate  of  potash ;  and 
finally  raise  the  color  by  wincing  the  goods  through  hot  lime-water. 

9.  Prussian  blue. 

Pad  in  the  preceding  chamois  liquor  of  the  spec.  grav.  1*007;  dry  in  the  hot-flue; 
wince  well  in  chalky  water  at  160°  F.,  and  then  dye  by  wincing  in  the  following 
liquor : — 

Dissolve  5  ounces  of  prussiate  of  potash,  in  25  gallons  of  water  heated  to  90°  or  100", 
adding  2  ounces  of  sulphuric  acid;  afterwards  rinse,  and  brighten  in  a  very  dilute  sulphu- 
ric acid. 

10.  Green  is  given  by  padding  goods,  previously  dyed  in  the  indigo  vat,  in  a  solution  of 
acetate  of  lead  containing  a  little  glue ;  and  then  padding  them  in  a  warm  solution  of 
bichromate  of  potash  ;  finally  rinsing  and  drying. 

III.  Resist  pastes  or  reserves ;  these  are  subservient  to  the  cold  indigo  vat,  and  they 
may  be  distributed  under  four  heads;  1.  fat  reserves;  2.  reserves  with  bases  of  metallic 
salts;  3.  colored  reserves  capable  of  assuming  different  tints  in  the  dyeing;  4.  reserves 
with  mordants,  for  the  cloth  to  be  afterwards  subjected  to  a  dyeing  bath,  whereby  variously 
colored  figures  are  brought  up  on  a  blue  ground,  so  as  to  resemble  the  mineral  called 
lazulUe;  whence  the  name  lapis  or  lapis  lazuli. 

1.  The  fatty  resists  are  employed  in  the  printing  of  silk;  which  see  infra. 
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2.  With  regard  to  reserves  the  following  general  observations  may  be  made.  After 
printing-on  the  paste,  the  goods  must  be  hungup  in  a  chamber,  rather  humid  than  loo  dry, 
and  left  there  for  a  certain  time,  more  or  less,  according  to  the  nature  of  the  reserve.  In 
dipping  them  into  the  blue  vat,  if  the  reserve  be  too  dry,  it  is  apt  to  swell,  scale  off,  and 
vitiate  the  pattern.  This  accident  is  liable  to  happen  also  when  the  vat  is  deficient  in 
lime,  especially  with  deep  blues. 

1.  Simple  ichile  resist  paste  for  a  full  body  of  blue. 
Take  1  gallon  of  water,  in  which  are  to  be  dissolved, 

1  pound  of  binacetate  of  copper  (distilled   verdigris),  and  3  lbs.    of  sulphate    of 
copper. 

This  solution  is  to  be  thickened  with 

2  lbs.  of  gum  Senegal,  1  lb.  of  British  gum,  and  4  lbs.  of  pipe-clay ;  adding  after- 
wards, 2  ounces  of  nitrate  of  copper — as  a  deliquescent  substance. 

2.  miite  reserve  for  light  bhies. 

Take  1  gallon  of  water,  in  which  dissolve 

4  ounces  of  binacetate  of  copper, 

1  lb.  of  sulphate  of  copper ;  and  thicken  this  solution  with 

2  lbs.  of  gum  Senegal,  1  lb.  of  British  gum,  and  4  lbs.  of  pipeclay. 

3.  White  reserve  for  the  cylinder  machine. 
Take  1 1  gallons  of  water ;  in  which  dissolve 

21  lbs.  of  binacetate  of  copper, 

10  lbs.  of  sulphate  of  copper ;  and  add  to  the  solution 

6  lbs.  of  acetate  of  lead  ;  then  thicken  with 

10  lbs.  of  gum;  adding  afterwards  10  lbs.  of  sulphate  of  lead. 
After  printing-on  this  reserve,  the  goods  are  to  be  hung  up  for  two  days,  then  dipped 
till  the  proper  blue  tint  be  obtained.     Finally  they  must  be  winced  through  dilute  sulphu- 
ric acid  to  clear  up  the  white,  by  removing  the  cupreous  tinge. 

3.  Colored  reserves. 

1.  Chamois  reserve. 

Take  1  gallon  of  the  chamois  bath  (No.  1,  page  232,  at  bottom) ;  to  which  add 

8  ounces  of  nitrate  of  copper, 

24  ditto  of  muriate  of  zinc  ;  thicken  with 

6  pounds  of  pipe-clay,  and  3  pounds  of  gum  Senegal. 
After  printing-on  this  paste,  the  goods  must  be  hung  up  for  five  or  six  days  in  a  some- 
what damp  room.     Then  after  having  dipped  them  in  the  vat,  they  are  to  be  steeped  in 
water  for  half  an  hour,  and  slightly  washed.    Next  wince  for  half  an  hour,  through  water 
at  100°  F.  containing  2  pounds  of  soda  crystals  per  30  gallons.     Rinse  and  dry. 

2.  Chrome  yellow  reserve. 

Take  1  gallon  of  water;  in  which  dissolve 

3  lbs.  of  nitrate  of  lead, 

1  lb.  of  binacetate  of  copper ;  to  the  solution,  add 

5  lb.  of  subacetate  of  lead ;  and  thicken  the  mixed  solution  with 
3  lbs.  of  gum. 

6  lbs.  of  pipe-clay.     Grind  all  the  ingredients  together,  and  pass  through  a  searce. 
After  treating  the  goods  as  in  No.  1,  they  must  be  winced  for  half  an  hour  in  a  solution 

containing  5  ounces  of  bichromate  of  potash,  per  piece  of  calico,  and  also  in  a  dilute 
muriatic  bath,  till  the  clirome  yellow  becomes  sufficiently  bright. 

A  chrome  orange  reserve  may  be  made  by  introducing  a  larger  proportion  of  subacetate 
of  lead,  and  passing  the  reserve  printed  goods  tlirough  weak  milk  of  lime,  as  already  pre- 
scribed for  producing  an  orange  by  chrome. 

The  basis  of  the  resist  pastes  used  at  Manchester  is  sometimes  of  more  complex  com- 
position than  the  above ;  since,  according  to  the  private  information  I  received  from  an 
extensive  calico  printer,  they  contain  china  clay  (instead  of  pipe-clay,  which  often  con- 
tains iron),  strong  solution  of  sulphate  of  copper,  oil,  tallow,  and  soap;  the  whole  incorpo- 
rated by  trituration  with  heat. 

In  the  Lancashire  print-works,  a  little  tartaric  acid  is  added  to  the  nitrate  of  lead, 
which  prevents  the  color  from  taking  a  dingy  cast. 

4.  Reserves  ^cith  mordants,  or  the  lazulite  style. 
1 .  Black  upon  a  blue  ground. 

At  Manchester  the  black  pattern  is  printed-on  with  a  mixture  of  iron  liquor  and  extract 
of  logwood,  and  the  resist  paste  by  the  cylinder  machine ;  in  France  the  black  is  given 
by  the  following  recipe  : — 

Take  1  gallon  of  decoction  of  galls  of  spec.  grav.  1-04,  mixed  and  boiled  into  a  paste  with 
14  ounces  of  flour;  into  the  paste,  when  nearly  cold,  there  are  added, 
8  ounces  of  an  acetated  peroxyde  of  iron,  made  by  adding  1  lb.  acetate  of  lead  to  3 

lbs.  of  nitrate  of  iron,  spec.  grav.  1"56. 
I  ounce  of  gallipoli  oil. 
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This  topical  black  forms  a  fast  color,  and  resists  the  fine  blue  vat,  weak  potash  ley, 
bichromate  of  potash,  boiling  milk  of  lime,  dunging,  and  maddering. 

The  preceding  answers  best  for  the  block ;  the  following  for  the  cylinder, — 

2.  Take  1  gallon  decoction  of  galls  of  spec.  grav.  1'056. 

18  ounces  of  flour,  mix,  boil  into  a  paste,  to  Avhich,  when  cool,  add 
8  ounces  of  the  aceto-nitrate  cofiron  of  the  preceding  formula,  and 

1  quart  of  iron  liquor  of  spec.  grav.  I'llO. 

In  Lancashire  a  little  prussiate  of  potash  is  sometimes  added  to  nitrate  of  iron  and 
decoction  of  logwood ;  and  the  goods  are  after  washing,  &c.  finished  by  passing  through 
a  weak  solution  of  bichromate  of  potash.  The  chromic  acid  gives  depth  and  permanence 
to  the  black  dye,  being  supposed  to  impart  oxygen  to  the  iron,  while  it  does  not  affect 
any  of  the  other  colors  that  may  happen  to  be  impressed  upon  the  clotli,  as  solution  of 
chloride  of  lime  would  be  apt  to  do.  The  solution  of  the  bichromate  deepens  the  spirit 
purples  into  blacks,  and  therefore  with  such  delicate  dyes  becomes  a  very  valuable  appli- 
cation. This  interesting  fact  was  communicated  to  me  by  an  eminent  calico-printer  in 
Lancashire. 

Having  premised  the  composition  of  the  topical  black  dye,  we  are  now  prepared  to 
apply  it  in  the  lazulite  style. 

1.  Black  resist. 

Take  1  gallon  of  the  above  black  without  the  flour, 

2  ounces  of  sulphate  of  copper, 

1  ounce  of  muriate  of  ammonia,  dissolve  and  thicken  with 
4  pounds  of  pipe-clay  and  2  pounds  of  gum. 

Another  good  formula  is  the  following : — 
Take  1  gallon  of  iron  liquor  of  r056  spec.  grav. ;  dissolve  in  it, 

2  ounces  of  binacetate  of  copper, 

8  ounces  of  sulphate  of  copper ;  and  thicken  as  just  described. 

2.  Puce,  reserve  paste,  contains  acetate  of  alumina  mixed  with  the  iron  liquor. 

3.  Full  red  reserve. 

Take  1  gallon  of  acetate  of  alumina,  (made  with  50  gallons  water,  100  lbs.  alum,  10  lbs. 
soda  crystals,  and  100  lbs.  acetate  of  lead ;    the  supernatant  liquid  being  of  spec. 
grav.  1-085;)  dissolve  in  it 
4  ounces  of  corrosive  sublimate  ;  thicken  with 

2  pounds  of  gum  Senegal, 

4  pounds  of  pipe-clay,  and  mix  in  8  ounces  of  gallipoli  oil. 

4.  Reserve  paste  for  a  light  red. 

Take  1  gallon  of  the  weaker  sulpho-acetate  of  alumina  formerly  prescribed ;  dissolve  in  it 
4  ounces  of  corrosive  sublimate ;  and  thicken  with 
4  pounds  of  pipe-clay,  and  2  pounds  of  gum ;  adding  to  the  mixture 
8  ounces  of  oil. 

5.  Neutral  resist  paste. 

Take  1  gallon  of  water ;  in  which  dissolve, 

3  J  lbs.  of  binarseniate  of  potash,  and 

12  ounces  of  corrosive  sublimate  ;  thicken  with 

3  lbs.  of  gum,  and  6  lbs.  of  pipe-clay,  adding  to  the  paste  16  ounces  of  oil. 

6.  Carmelite  reserve  paste. 

Take  1  half  gallon  of  acetate  of  alumina,  spec.  grav.  1-014;  (see  second  aluminous  mor- 
dant, p.  230.) 

1  half  gallon  iron  liquor  of  spec.  grav.  1-027;  dissolve  in  them 

4  ounces  of  sulphate  of  copper,  4  ounces  of  verdigris,  and  1  ounce  of  niti'ate  of  cop- 
per; thicken  with 

2  lbs.  of  gum, 

4  lbs.  of  pipe-clay. 

7.  Neutral  reserve  paste. 

Take  1  gallon  of  water ;  dissolve  in  it, 

44  ounces  of  binarseniate  of  potash,  and 

12  ounces  of  corrosive  sublimate ;  thicken  with 

3  lbs.  of  gum, 

6  lbs.  of  pipe-clay, 
16  oz.  of  oil. 
To  explain  fully  the  manipulation  of  the  lazulite  style,  we  shall  suppose  that  the  caE- 
coes  are  printed  with  the  following  reserves,  taken  in  their  order  : — 

1.  Black  reserve,  No.  1.  above. 

2.  Full  red  reserve.      No.  3. 

3.  Light  red  reserve.    No.  4. 

4.  Neutral  reserve.       No.  7. 

Four  days  after  printing-on  these  reserves,  the  goods  must  be  twice  dipped  in  the  blue 
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vatj  ten  minutes  in  and  ten  minutes  out  each  time ;  but  more  dips  may  be  given  accord- 
ing to  the  desired  depth  of  the  shade.  The  cloth  must  be  afterwards  rinsed  in  running 
water  for  half  an  hour.  The  next  process  is  to  remove  the  paste ;  which  is  done  by  winc- 
ing thfe  goods  in  a  bran  bath,  lowered  to  150°,  during  twenty  minutes.  They  are  then 
winced  for  five  minutes  in  a  bath  of  water  slightly  sharpened  with  vinegar.  When  well 
cleansed  they  are  ready  for  the  madder  bath.  The  lapis  goods  are  finally  cleared  in  a 
bran  bath,  by  exposure  on  the  grass,  and  a  soap  boil. 
The  lazulite  style  is  susceptible  of  many  modifications. 

8.  Beep  blue  ground,  with  light  blue,  carmelite,  and  white  figures. 

1.  Print-on  the  white  reserve.  No.  1. 

2.  Dip  in  the  strongest  blue  vat ;  rinse  and  dry. 

3.  Ground-in  with  the  block,  the  carmelite  reserve  (containing  the  mixed  acetates 
of  iron  and  alumina.) 

4.  Ground-in  the  neutral  reserve. 

5.  Dip  for  the  light  blue ;  rinse. 

6.  Dung,  dye,  and  clear,  as  above. 

By  varying  the  proportions  of  the  reserve  mordants,  and  the  dye-stufis,  as  madder, 
quercitron,  &c.  a  great  variety  of  effects  may  be  produced. 

9.  Deep  green  ground,  with  buflf  and  white  figures. 

1.  Print-on  the  white  reserve. 

2.  Dip  in  the  blue  vat ;  rinse  and  dry. 

3.  Pad  in  the  buff"  liquor,  as  formerly  prescribed. 

4.  Ground  in  upon  the  buff"  spots,  the  discharge  No.  2,  presently  to  be  described. 

5.  Wash  away  the  paste  in  chalky  water. 

6.  Wince  through  a  boiling  alkaline  ley,  to  raise  the  buff"  iron  color. 

IV.  The  Discharge  style  ;  first,  of  simple  discharges. 

1.  Discharge  for  block  printing. 

Take  1  gallon  of  lemon  or  lime-juice,  of  spec.  grav.  1'09,  in  which  dissolve 
1  pound  of  tartaric  acid, 

1  pound  of  oxalic  acid,  and  thicken  the  solution  with 

4  pounds  of  pipe  or  china  clay,  and  2  pounds  of  pulverized  gum ;  as  soon  as  the 
gum  is  dissolved,  the  mixture  must  be  put  through  a  searce. 

2.  Another  discharge  is  made  of  half  the  above  acid  strength. 

3.  A  third  with  one  half  of  the  solid  acids  of  the  second. 

4.  Take  1  gallon  of  water,  in  which  dissolve  with  heat 

1  pound  of  cream  of  tartar,  adding,  to  facilitate  the  solution, 

1  pound  of  warm  sulphuric  acid  of  spec.  grav.  1'7674 ;  after  24  hours  mix 

4  lbs.  of  pipe  or  China  clay,  and  three  lbs.  of  gum,  with  the  decanted  clear  liquor. 

In  some  cases  British  gum  is  used  alone,  as  a  thickener. 

5.  Discharge  for  the  cylinder  machine. 

Take  1  gallon  of  lime-juice,  of  spec.  grav.  1*085 ;  dissolve  in  it 

3  pounds  of  tartaric  acid,  and  one  pound  of  oxalic  acid ;  thicken  with 
6  pounds  of  giun  Senegal,  or  5  pounds  of  British  gum. 

6.  7.  A  stronger  and  weaker  discharge  is  made  of  the  same  materials ;  and  one  is  made 

without  the  tartaric  acid. 

Second;  combination  of  discharges  with  mordants. 

1.  Black,  red,  lilach,  and  white  figures  upon  an  olive  ground. 

The  olive  being  given  in  a  madder  bath,  and  the  ground  well  whitened  (see  Madder), 
the  cloth  is  padded  in  a  weak  buff"  mordant ;  and  upon  the  parts  that  are  to  remain  white, 
the  weakest  simple  discharge  No.  3  is  printed-on  by  the  cylinder ;  (in  some  works  the  dis- 
charge paste  is  applied  and  made  dry  before  padding  through  the  iron  liquor;)  the  goods 
are  cleared  of  the  paste  in  a  tepid  chalky  water,  then  dyed  in  a  quercitron  bath,  contain- 
ing a  little  glue,  and  cleared  in  a  bran  bath. 

Discharge  mordants  upon  mordants  may  be  regarded  as  a  beautiful  modification  of  the 
preceding  style.     Example. 

A  violet  ground  or  impression,  with  red  and  white. 

1.  Pad  with  an  acetate  of  iron  of  1'004;  or  print-on  with  the  cylinder,  iron  liquor  of 
1-027  thickened  with  British  gum. 

2.  Print-on  a  red  mordant,  strongly  acidulated  with  lime-juice  of  1*226. 

3.  Ground  in  the  discharge  No.  2 ;  dry. 

4.  Clear  off"  the  paste  in  chalky  water. 

5.  Dung,  madder,  and  brighten. 

6.  Ground-in  the  topical  colors  at  pleasure. 

V.  China  blues. 

Take  16  pounds  of  coarsely  ground  indigo,  and 

4  pounds  of  sulphuret  of  arsenic ;  dissolve  22  pounds  of  sulphate  of  iron  in  6 
gallons  of  water ;  introduce  these  three  matters  into  the  indigo  mill,  and  grind  them  for 
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three  days.  If  it  be  wished  to  have  a  thickened  blue,  this  mixture  must  have  pounded 
gum  added  to  it ;  but  if  not,  5  gallons  of  water  are  added.  This  color  may  be  called 
blue  No.  1 . 

The  following  table  exhibits  the  different  gradations  of  China  blue  : — 


1 

Cpurse. 

Quantity  liy  measure  of 

Quantity  by  measure  of 

No.  1. 

water  or  mucilage. 

No.  1 

1 

0 

2 

11 

1 

3 

10 

2 

4 

8 

4 

5 

6 

6 

6 

4 

8 

7 

2 

10 

8 

2 

12 

9 

2 

14 

10 

2 

16 

11 

2 

18 

12 

2 

20 

I  shall  now  give  examples  of  working  this  style  by  the  block  and  cylinder : — 
[mpression  of  a  single  blue  Avith  small  dots. 
For  the  block,  blue  No.  5,  thickened  with  starch. 
For  the  cylinder,  No.  4,  thickened  with  gum. 

Impression  of  two  different  blues  with  the  block. 
First  blue,  No.  4,  with  starch. 
Second  blue,  No.  9,  with  gum. 

Impression  of  three  blues  with  the  block. 
First  blue,  No.  5,  with  starch. 
Second  blue.  No.  7,  with  starch. 
Third  blue.  No.  10,  with  gum. 

After  printing-on  the  blues,  the  pieces  are  hung  up  for  two  days,  in  a  dry  and  airy 
place,  but  not  too  dry;  then  they  are  dipped  as  follows  : — Three  vats  are  mounted, which 
may  be  distinguished  by  the  numbers  1,  2,  3. 

No.  1.  300  pounds  of  lime  to  1,800  gallons  of  water. 
No.  2.  Solution  of  sulphate  of  iron  of  spec.  grav.  1-048. 

3.  Solution  of  caustic  soda  of  spec.  grav.  1-055 ;  made  from  soda  crystals,  quicklime, 
and  water,  as  usual. 

The  pieces  being  suspended  on  the  frames,  are  to  be  dipped  in  the  first  vat,  and  left 
in  it  ten  minutes ;  then  withdrawn,  drained  for  five  minutes ;  next  plunged  into  the 
second  vat  for  ten  minutes,  and  drained  also  for  five,  &c.  These  operations  will  be 
most  intelligible  when  put  into  the  form  of  a  table  : — 

Dip  in  the  1st  vat.       During  10  minutes.  Drain  during  5  minutes. 

2  —  — 

1  —  — 

2  —  — 

3  —  _ 
2                              —                                          — 

1  —  — 

2  —  — 

1  —  — 

2  —  — 

3  —  — 

In  the  dipping  of  China  blues,  care  should  be  taken  to  swing  the  frames  during  the 
operation ;  and  when  the  last  dip  is  given,  the  piece  is  to  be  plunged  upon  its  frame  into 
a  fourth  vat,  containing  dilute  sulphuric  acid  of  spec.  grav.  1-027.  This  immersion  is 
for  the  purpose  of  removing  the  oxyde  of  iron,  deposited  upon  the  calico  in  the  alternate 
passages  through  the  sulphate  of  iron  and  lime  vats.  They  are  then  rinsed  an  hour  in 
running  water,  and  finally  brightened  in  the  above  dilute  sulphuric  acid,  slightly  tepid. 
Sometimes  they  are  subjected  to  a  soap  bath,  at  the  temperature  of  120°.  By  the 
addition  of  nitrate  of  lead  to  the  indigo  vat,  the  blue  becomes  more  lively.  Some  use 
the  roller  dyeing  apparatus  for  running  the  pieces  through  the  respective  baths  instead 
of  the  square  frames.  (See  Wincing.)  But  the  frame-dip  gives  the  most  evenly  dyes, 
and  preserves  the  vats  in  good  condition  for  a  much  longer  time. 
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The  various  phenomena  which  occur  in  the  dipping  of  China  blues  are  not  difficult  of 
explanation  with  the  lights  of  modern  chemistry.  We  have,  on  the  one  hand,  indigo 
and  sulphate  of  iron  alternately  applied  to  the  cloth ;  by  dipping  it  into  the  lime,  the 
blue  is  deoxydized,  because  a  film  of  the  sulphate  of  iron  is  decomposed,  and  protoxyde 
of  iron  comes  forth  to  seize  the  oxygen  of  the  indigo,  to  make  it  yellow-green,  and 
soluble,  at  the  same  time,  in  lime-water.  Then,  it  penetrates  into  the  heart  of  the 
fibres,  and,  on  exposure  to  air,  absorbs  oxygen,  so  as  to  become  insoluble  and  fixed 
within  their  pores.  On  dipping  the  calico  into  the  second  vat  of  sulphate  of  irt)n,  a 
layer  of  oxyde  is  formed  upon  its  whole  surface,  which  oxyde  exercises  an  action  only 
upon  those  parts  that  are  covered  with  indigo,  and  deoxydizes  a  portion  of  it ;  thus 
rendering  a  second  dose  soluble  by  the  intervention  of  the  second  dip  in  the  lime-bath. 
Hence  we  see  that  while  these  alternate  transitions  go  on,  the  same  series  of  deoxydize- 
ment,  solution,  and  re-oxydizement  recurs ;  causing  a  progressively  increasing  fixation 
of  indigo  within  the  fibres  of  the  cotton.  A  deposite  of  sulphate  of  lime  and  oxj'de  of 
iron  necessarily  falls  upon  the  cloth,  for  which  reason  the  frame  should  be -shaken  in  the 
lime-water  vat,  to  detach  the  sulphate ;  but,  on  the  contrary,  it  should  be  held  motionless 
in  the  copperas  bath,  to  favor  the  deposition  of  as  much  protoxyde  upon  it  as  possible. 
These  circumstances  serve  to  account  for  the  various  accidents  which  sometimes  befall 
the  China  blue  process.  Thus  the  blues  sometimes  scale  off,  which  may  proceed  from  one 
of  two  causes  : — 1.  If  the  goods  are  too  dry  before  being  dipped,  the  color  swells,  and 
comes  off  in  the  vats,  earning  along  with  it  more  or  less  of  indigo.  2.  If  the  quantity 
of  sulphate  of  lime  formed  upon  the  cloth  be  considerable,  the  crust  will  fall  off,  and 
take  with  it  more  or  less  of  the  blue ;  whence  arise  inequalities  in  the  impression.  The 
influence  of  temperature  is  important ;  when  it  falls  too  low,  the  colors  take  a  gray  cast. 
In  this  case  it  should  be  raised  with  steam. 

VI.  The  decoloring  or  enlevage  style ;  not  by  the  removal  of  the  mordant,  but  the 
destruction  of  the  dye.  The  acid,  which  is  here  mixed  with  the  discharge  paste,  is 
intended  to  combine  with  the  base  of  the  chloride,  and  set  the  chlorine  free  to  act  upon 
the  color.     Among  the  topical  colors  for  this  style  are  the  following  : — 

1.  Black. — Take  one  gallon  of  iron  liquor  of  spec.  grav.  1-086. 

One  pound  of  starch  ;  boil  together,  and  while  the  paste  is  hot,  dissolve  in  it 
One  pound  of  tartaric  acid  in  powder ;  and  when  cold,  add 
Two  pounds  of  Prussian  blue,  prepared  with  muriatic  acid,  see  p.  232. 
Two  ounces  of  lamp  black,  with  four  ounces  of  oil. 

2.  White  discharge. — Take  one  gallon  of  water,  in  which  dissolve 

One  pound  and  a  half  of  oxalic  acid. 

Three  pounds  of  tartaric  acid  ;  add 

One  gallon  of  lime-juice  of  spec.  grav.  1*22;  and  thicken  with 

Twelve  pounds  of  pipe  clay,  and  six  pounds  of  gum. 

3.  Chmne-green  dischai-ge. — 

Take  one  gallon  of  water,  thicken  with  18  ounces  of  starch  ; 

boil  and  dissolve  in  the  hot  paste; 
Two  pounds  and  a  half  of  powdered  nitrate  of  lead. 
One  pound  and  a  half  of  tartaric  acid, 
Two  pounds  of  Prussian  blue,  as  above. 

4.  Blue  discharge. — Take  one  gallon  of  water,  thicken  with 

18  ounces  of  gum ;  while  the  boiled  paste  is  hot,  dissolve  in  it 
Two  pounds  of  tartaric  acid,  and  mix  one  pound  of  Prussian  blue. 

5.  Chrome-yellow  discharge. — This  is  the  same  as  the  chrcme-green  given  above,  but 
without  the  Prussian  blue. 

6.  ^rvhife  discharge  on  a  blue  ground  requires  the  above  white  discharge  to  be  strength 
ened  with  8  ounces  of  strong  sulphuric  acid,  per  gallon. 

7.  White  discharge  for  Turkey  red  needs  to  be  very  strong. 
Take  one  gallon  of  lime-juice  of  sp.  grav.  1-08G  ;  dissolve  in  it 
Five  pounds  of  tartaric  acid  ;  thicken  with 

Eight  pounds  of  pipe-clay,  four  pounds  of  gum ;  then  dissolve  in  the  mixture 
Three  pounds  of  muriate  of  tin  in  crystals;  and  add,  finally, 
Twenty-four  ounces  of  sulphuric  acid. 

8.  Yellow  discharge  for  Turkey  red. — 

Take  one  gallon  of  lime-juice  of  spec.  grav.  1-086  ;  in  which  dissolve 

Four  pounds  of  tartaric  acid. 

Four  pounds  of  nitrate  of  lead  ;  thicken  the  solution  with 

Six  pounds  of  pipe-clay,  and  three  pounds  of  gum. 

9.  For  green  discharge,  add  to  the  preceding  24  ounces  of  Prussian  blue,  as  above. 
The   decoloring    or  chlorine  bath    is  usually  formed  of   wood  lined  with    lead,  and 

has  an  area  of  about  5  feet  square,  with  a  depth  of  6  feet.     A  square  frame,  mounted 
with  a  horizontal  series  of  rollers  at  top  and  bottom,  may  be   let   down  by  cords,  at 
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/leasx./e,  into  the  cistern.     The  pieces  are  introduced  and  guided  in  a  serpentine  path, 
round  the  upper  and  lower  rollers  alternately,  by  a  cord.  • 

This  bath  is  filled  with  a  solution  of  chloride  of  lime,  of  the  spec.  grav.  1'045,  whose 
decoloring  strength  is  65°  by  Gay  Lussac's  indigo  chlorometer.  It  ought  to  be  made 
turbid  by  stirrinsr  before  putting  in  the  goods,  which  should  occupy  three  minutes  in 
their  passage.  The  piece  is  drawn  through  by  a  pair  of  squeezer  cylinders  at  the  end  of 
the  trough,  opposite  to  that  at  which  the  piece  enters.  With  black,  white,  and  blue 
impressions  of  all  shades,  the  goods  are  floated  in  a  stream  of  water  for  an  hour ;  then 
rinsed  and  dried.  When  there  is  yellow  or  green,  the  pieces  must  be  steeped  in  water, 
then  merely  washed  by  the  wince,  and  passed  through  solution  of  bichromate  of  potash, 
containing  from  3  to  5  ounces  of  tlie  salt  per  piece.  Here  the  pieces  are  winced  during 
15  or  20  minutes,  rinsed,  and  next  passed  tlirough  dilute  muriatic  acid  to  clear  the 
ground  ;  then  rinsed  and  dried. 

Discharge  by  the  intervention  of  the  chromic  acid. 

After  having  dipped  the  pieces  to  the  desired  shade,  they  are  padded  in  a  solution  of 
bichromate  of  potash ;  dried  in  the  shade  without  heat ;  and  then  printed  with  the 
following  mordant : — 

Take  1  gallon  of  water;   dissolve  in  it 

2  pounds  of  oxalic  and  1  pound  of  tartaric  acid  ;  thicken  with 
6  pounds  of  pipe-clay,  and  3  pounds  of  gum ;  lastly,  add 
8  ounces  of  muriatic  acid. 

After  the  impression,  the  pieces  are  winced  in  chalky  water,  at  120°  F.,  then  washed, 
and  passed  through  a  dilute  sulphuric  acid. 

M.  Daniel  Koechlin,  of  Mulhausen,  the  author  of  this  very  ingenious  process,  con- 
siders the  action  of  the  bichromate  here  as  being  analogous  to  that  of  the  alkaline  chlo- 
rides. At  the  moment  that  the  block  applies  the  preceding  discharge  to  the  bichromate 
dye,  there  is  a  sudden  decoloration,  and  a  production  of  a  peculiar  odor. 

The  pieces  padded  with  the  bichromate  must  be  dried  at  a  moderate  temperature,  and 
in  the  shade.  Whenever  watery  solutions  of  chromate  of  potash  and  tartaric  acid  are 
mixed,  an  effervescence  takes  place,  during  which  the  mixture  possesses  the  power  of 
destroying  vegetable  colors.     This  property  lasts  no  longer  than  the  effervescence. 

VII.  Steam  colors. — This  style  combines  a  degree  of  brilliancy  with  solidity  of 
color,  which  can  hardly  be  obtained  in  any  other  way  except  by  the  chints  dyes. 
The  steam  apparatus  employed  for  fixing  colors  upon  goods,  may  be  distributed  under 
five  heads: — 1.  the  column;  2.  the  lantern;  3.  the  cask;  4.  the  steam-chest;  and, 
5.  the  chamber. 

The  column  is  what  is  most  generally  used  in  this  country.  It  is  a  hollow  cylin- 
der of  copper,  from  three  to  five  inches  in  diameter,  and  about  44  inches  long,  per- 
forated over  its  whole  surface  with  holes  of  about  one  sixteenth  of  an  inch,  placed 
about  a  quarter  of  an  inch  asunder.  A  circular  plate,  about  9  inches  diameter,  is 
soldered  to  the  lower  end  of  the  column,  destined  to  prevent  the  coil  of  cloth  from 
sliding  down  off  the  cylinder.  The  lower  end  of  the  column  terminates  in  a  pipe, 
mounted  with  a  stop-cock  for  regulating  the  admission  of  steam  from  the  main  steam- 
boiler  of  the  factory.  In  some  cases,  the  pipe  fixed  to  the  lower  surface  of  the  disc  is 
ma  le  tapering,  and  fits  into  a  conical  socket,  in  a  strong  iron  or  copper  box,  fixed  to  a 
solid  pedestal ;  the  steam  pipe  enters  into  one  side  of  ihat  box,  and  is  provided,  of 
course,  with  a  stop-cock.  The  condensed  water  of  the  column  falls  down  into  that 
chest,  and  may  be  let  off  by  a  descending  tube  and  a  stop-cock.  In  other  forms  of  the 
column,  the  conical  junction  pipe  is  at  its  top,  and  fits  there  into  an  inverted  socket 
connected  with  a  steam  chest,  while  the  bottom  has  a  very  small  tubular  outlet,  so  that 
the  steam  may  be  exposed  to  a  certain  pressure  in  the  column,  when  it  is  incased 
with  cloth. 

The  pieces,  after  being  printed  with  the  topical  colors  presently  to  be  described,  and 
dried,  are  lapped  round  this  column,  but  not  in  immediate  contact  with  it ;  for  the  copper 
cylinder  is  first  enveloped  in  a  few  coils  of  blanket  stuff;  then  with  several  coils  of 
white  calico ;  next  with  the  several  pieces  of  the  printed  goods,  stitched  endwise ;  and 
lastly,  with  an  outward  mantle  of  white  calico.  In  the  course  of  the  lapping  and 
unlapping  of  such  a  length  of  webs,  the  cylinder  is  laid  in  a  horizontal  frame,  in  which 
it  is  made  to  revolve.  In  the  act  of  steaming,  however,  it  is  fixed  upriglit,  by  one  of 
the  methods  above  described.  The  steaming  lasts  for  20  or  30  minutes,  according  to 
the  nature  of  the  dyes  ;  those  which  contain  much  solution  of  tin  admit  of  less  steaming. 
Whenever  the  steam  is  shut  off,  the  goods  must  be  immediately  uncoiled,  to  prevent  the 
chance  of  any  aqueous  condensation.  I  was  much  surprised,  at  first,  on  finding  the 
unrolled  pieces  to  be  free  from  damp,  and  requiring  only  to  be  exposed  for  a  few  minutes 
in  the  air,  to  appear  perfectly  dry.  Were  water  condensed  during  the  process,  it  would 
be  apt  to  make  the  colors  run. 

Steam  colors  are  all  topical,  though,  for  many  of  them,  the  pieces   are  previously 
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padded  with  mordants  of  various  kinds.  Some  manufacturers  run  the  goods  before 
printing  them  through«a  weak  solution  of  the  perchloride  of  tin,  with  the  view  of  bright- 
ening all  the  colors  subsequent!}'  applied  or  raised  upon  them.  I  shall  now  illustrate 
steam  calico-printing  by  some  examples,  kindly  furnished  me  by  a  practical  printer  near 
Manchester,  who  conducts  a  great  business  with  remarkable  success. 

Steam  blue. — Prussiate  of  potash,  tartaric  acid,  and  a  little  sulphuric  acid,  are  dis- 
solved in  water,  and  thickened  with  starch;  then  applied  by  the  cylinder,  dried  at  a 
moderate  heat,  and  steamed  for  25  minutes.  They  are  rinsed  and  dried  after  the 
steaming.  The  tartaric  acid,  at  a  high  temperature,  decomposes  here  a  portion  of  the 
ferrocyanic  acid,  and  fixes  the  remaining  ferrocyanate  of  iron  (Prussian  blue)  in  the  fibre 
of  the  cloth.  The  ground  may  httye  been  previously  padded  and  dyed  ;  the  acids  will 
remove  the  mordant  from  the  points  to  which  the  above  paste  has  been  applied,  and 
bring  out  a  bright  blue  upon  them. 

Steam  purple. — This  topical  color  is  made  by  digesting  acetate  of  alumina  upon  ground 
logwood  with  heat ;  straining,  thickening  with  gum  Senegal,  and  applying  the  paste  by 
the  cylinder  machine. 

Steam  pink. — A  decoction  of  Brazil-wood  with  a  small  quantity  of  the  solution  of 
muriate  of  tin,  called,  at  Manchester,  new  tin  crystals,*  and  a  little  nitrate  of  copper  to 
assist  in  fixing  the  color ;  properly  thickened,  dried,  and  steamed  for  not  more  than  20 
minutes,  on  account  of  the  corrosive  action  of  muriate  of  tin  when  the  heat  is  too  strong. 

Cochineal  pink. — Acetate  of  alumina  is  mixed  with  decoction  of  cochineal,  a  little  tar- 
taric acid  and  solution  of  tin ;   then  thickened  with  starch,  dried,  and  steamed. 

Steam  hrovm. — A  mixed  infusion  of  logwood,  cochineal,  and  Persian  berries,  with 
cream  of  tartar,  alum  (or  acetate  of  alumina),  and  a  little  tartaric  acid,  thickened,  dried, 
and  steamed. 

Greev,  blue,  chocolate,  xcith  xchite  ground,  by  steam. — Prussiate  of  potash  and  tartaric 
acid,  thickened,  for  the  blue;  the  same  mLxture  with  berry-liquor  and  acetate  of  alumina, 
thickened,  for  the  green  ;  extract  of  logwood  with  acetate  of  alumina  and  cream  of 
tartar,  thickened,  for  the  chocolate.  These  three  topical  colors  are  applied  at  once  by 
the  three-color  cylinder  machine  ;  dried  and  steamed.  Though  greens  are  fixed  by  the 
steam,  their  color  is  much  improved  by  passing  the  cloth  through  solution  of  bichromate 
of  potash. 

In  France,  solution  of  tin  is  much  used  for  steam  colors. 

VIII.  Spirit  or  fancy  colors. — These  all  owe  their  vivacity,  as  well  as  the  moderate 
degree  of  permanency  they  possess,  to  their  tin  mordant.  After  printing-on  the  topical 
color,  the  goods  must  be  dried  at  a  gentle  heat,  and  passed  merely  through  the  rinsing 
machine.  Purple,  brown,  or  chocolate,  red,  green,  yellow,  blue,  and  white  discharge ; 
any  five  of  these  are  printed  on  at  once  by  the  five-color  cylinder  machine.  See  Rinsing 
Machink. 

Choco\ale  is  given  by  extract  of  Brazil-wood,  extract  of  logwood,  nitro-muriate  of  tin, 
with  a  little  nitrate  of  copper:  all  mixed,  thickened,  and  merely  printed-on. 

Red,  by  extract  of  Brazil-wood  and  tin,  with  a  little  nitrate  of  copper. 

Green,  by  prussiate  of  potash,  with  muriate  of  tin  and  acetate  of  lead,  dissolved, 
thickened,  and  printed-on. 

The  goods  after  rinsing  must  be  passed  through  solution  of  bichromate  of  potash,  to 
convert  the  Prussian  blue  color  into  green,  by  the  formation  of  chrome  yellow  upon  it. 

Blue. — Prussian  blue  ground  up  with  solution  (nitromuriate)  of  tin;  thickened,  &c. 

Yellow. — Nitrate  of  lead  dissolved  in  solution  of  tartaric  acid,  thickened,  tenderly 
dried,  passed  through  the  bichromate  vat  or  padding  machine,  washed  and  dried. 

This  yellow  is  pretty  fast ;  though  topical,  it  can  hardly,  therefore,  be  called  a  fancy 
color. 

When  purple  is  to  be  inserted  instead  of  the  above  blue,  extract  of  logwood  with  tin 
is  used  in  the  place  of  the  Prussian  blue.  Tartaric  acid  is  a  useful  addition  to  tin  in 
brightening  fancy  colors. 

Chocolate. — A  good  topical  chocolate  is  made  by  digesting  loswood  with  liquid  acetate 
of  alumina,  adding  a  little  cream  of  tartar  to  the  infusion  ;  thickening,  applying  by  the 
cylinder,  drying,  washing,  then  passing  through  solution  of  bichromate  of  potash,  which 
serves  to  darken  and  fix  the  color. 

I  shall  conclude  my  account  of  the  printing  of  cotton  goods  with  some  miscellaneous 
formulse,  which  were  given  me  by  skilful  calico-printers  in  Lancashire. 

Prussian  blue  is  prepared  for  topical  printing  by  grinding  it  in  a  handmill,  like  that  for 
grinding  pepper  or  coffee,  and  triturating  the  powder  with  solution  of  muriate  of  tin. 

Green. — The  deoxydized  indigo  vat  liquor  is  mixed  with  a  little  pearlash,  and 
thiekened  with   gum.     This   is  applied   by  the    cylinder  or  block  to  goods  previously 

*  This  preparation  is  made  by  adding- 3  lbs.  of  sal  ammoniac  to  1  gallon  of  solution  of  tin  (jee  Scarlet 
Dye,  and  Tin),  evaporating,  aud  crystallizing.  The  sal  ammoniac  seems  to  counteiact  the  separation  o; 
the  tin  by  peroxydizement. 
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padded  with  nitrate  of  lead ;  tlie  goods,  after  being  dried,  are  passed  through  milky  lime- 
water,  rinsed,  and  then  winced  or  padded  through  the  bichromate  of  potash  bath. 

Another  green. — Nitrate  of  lead,  prussiate  of  potash,  and  tartaric  acid,  dissolved,  and 
mixed  with  a  little  sulphate,  nitrate,  and  muriate  of  iron;  this  mixture  is  either  thickened 
for  cylinder  printing,  or  used  in  its  liquid  state  in  the  padding  trough.  The  goods  sub- 
jected to  one  of  these  two  processes  are  dried,  padded  in  weak  solution  of  carbonate  of 
potash,  which  serves  to  precipitate  the  oxyde  of  lead  from  the  nitrate ;  they  are  finally 
padded  with  bichromate  of  potash,  which  induces  a  yellow  upon  the  blue,  constituting  a 
green  color  of  any  desired  tint,  according  to  the  proportion  of  the  materials. 

Chocolate  and  black,  iviih  while  discharge;  n  fast  color. — The  cloth  is  padded  with  ace- 
tate of  alumina,  and  dried  in  the  hot-flue ;  it  is  then  passed  through  a  two-color  machine, 
Ihe  one  cylinder  of  which  prints-on  lime-juice  discharge,  thickened  with  gum  Senegal; 
the  other  a  black  topical  dye  (made  with  logwood  extract  and  iron  liquor).  The  cloths 
are  now  hung  up  to  be  aired  during  a  week,  after  which  they  are  dunged,  and  dyed  up 
with  madder,  fustic,  and  quercitron* bark,  healed  with  steam  in  the  bath. 

Blue,  white,  and  olive  or  chocolate. — 1.  Pad  with  the  aluminous  mordant;  2.  Apply 
thickened  lemon-juice  for  discharge  by  the  cylinder;  3.  Dung  the  goods  after  they 
are  thoroughly  dried ;  4.  Pass  them  through  the  bath  of  madder,  fustic,  and  quercitron, 
which  dye  a  brown  ground,  and  leave  the  discharge  points  white  ;  then  print-on  a  reserve 
paste  of  China  clay  and  gum  with  sulpliate  of  copper;  dry,  dip  in  the  blue  vat,  which 
will  communicate  an  olive  tint  to  the  brown  ground ;  or  a  chocolate,  if  madder  alone  had 
been  used. 

When  a  black  ground  is  desired,  with  white  figures,  the  acid  discharge  paste  should  be 
printed-on  by  the  cylinder,  and  dried  before  tlie  piece  is  padded  in  the  iron  liquor.  By 
following  this  plan  the  whites  are  much  purer  than  when  the  iron  is  first  applied. 

Green,  black,  ivhite. — The  black  is  first  printed-on  by  a  mixture  of  iron  liquor,  and  in- 
fusion (not  decoction)  of  logwood ;  then  resist  or  reserve  paste  is  applied  by  the  block, 
and  dried;  after  which  the  goods  are  blued  in  the  indigo  vat, rinsed, dried,  passed  through 
solution  of  acetate  of  lead  ;  next,  through  milky  lime-water;  lastly,  through  a  very  strong 
solution  of  bichromate  of  potash. 

Turkey  red,  black,  yellow. — Upon  Turkey  red  cloth,  print  with  a  strong  solution  of  tar- 
taric acid,  mixed  with  solution  of  nitrate  of  lead,  thickened  with  gum;  dry.  The  cloth 
is  now  passed  through  the  chloride  of  lime  bath,  washed,  and  chromed.  Lastly,  the  black 
is  printed-on  by  the  block  as  above,  with  iron  liquor  and  logwood. 

Black  ground  dotted  white,  with  red  or  pink  and  black  figures. — 1.  Print-on  the 
lime-juice  discharge-paste  by  the  cylinder;  dry;  2.  Then  pad  with  iron  liquor,  con- 
taining a  little  acetate  of  alumina,  and  hang  up  the  goods  for  a  few  days  to  fix 
the  iron ;  3.  Dye  in  a  logwood  bath  to  which  a  little  madder  has  been  added  ;  clear 
with  bran.  The  red  or  pink  is  now  put  in  by  the  block,  with  a  mixture  of  extract  of 
Brazil-wood,  nitromuriate  of  tin,  and  nitrate  of  copper,  as  prescribed  in  a  preceding 
formula. 

Orange  or  brown  ;  black  ;  white  ;  fink. — The  black  is  topical,  as  above ;  it  is  printed- 
on,  as  also  the  lemon-juice  discharge  and  red  mordant,  with  muriate  of  tin  (both 
thickened),  by  the  three-color  machine.  Then,  after  drying  the  cloth,  a  single-cylinder 
machine  is  made  to  apply  in  diagonal  lines  to  it  a  mixture  of  acetate  of  iron  and  alumina. 
The  cloth,  being  dried  and  dunged,  is  next  dyed  in  a  bath  of  quercitron,  madder,  and 
fustic. 

Here  the  orange  is  the  result  of  the  mordant  of  tin  and  alumina ;  the  brown,  of  the 
alumina  and  iron  ;  white,  of  the  citric  acid  discharge.  The  tin  mordant,  wherever  it  has 
been  applied,  resists  the  weaker  mordant  impressed  in  the  diagonal  lines.  The  pink  is 
blocked-on  at  the  end. 

Orange  brown,  or  aventurine;  black  and  white. — The  topical  black  (as  above)  and 
discharge  lemon-juice,  are  printed-on  by  the  two-color  machine ;  then  the  cloth  is  sub- 
jected to  the  diagonal  line  cylinder,  supplied  with  the  alumino-iron  mordant.  The  cloth 
is  dried,  dunged,  and  dyed  in  a  bath  of  bark,  madder,  and  fustic. 

The  manganese  or  solitaire  ground  admits  of  a  great  variety  of  figures  being  easily 
brought  upon  it,  because  almost  every  acidulous  mordant  will  dissolve  the  oxyde  of 
manganese  from  the  spot  to  which  it  is  applied,  and  insert  its  own  base  in  its  place ;  and 
of  course,  by  dyeing  such  mordanted  goods  in  various  baths,  any  variety  of  colored  de- 
signs may  be  produced.  Thus,  if  the  paste  of  nitrate  of  lead  and  tartaric  acid  solution 
be  applied,  and  the  goods  after  drying  be  passed  first  through  lime-water,  and  then 
through  a  chrome  bath,  bright  yellow  spots  will  be  made  to  appear  upon  the  bronze 
ground. 

Manganese  bronze,  buff  and  green;  nil  metallic  colors. — Pad-on  the  manganese 
solution,  and  dry ;  apply  the  aceto-sulphate  of  iron,  of  spec.  grav.  1'02,  and  Scheele's 
green  (both  properly  thickened),  by  the  two-color  machine.  The  goods  are  next  to 
be  dried,  and  padded  through  a  cold  caustic  ley  of  spec.  grav.  1'086.     They  are  then 
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rinsed,  anJ  passed  through  a  weak  solution  of  chloride  of  lime,  to  raise  the  bi'onze,  again 
rinsed,  and  passed  through  a  solution  of  arsenious  acid  to  raise  the  green. 
Sclieele's  green  for  the  calico-printer  is  made  as  follows  : — 
Take  1  gallon  of  water,  in  which  dissolve  with  heat, 

5  pounds  of  sulphate  of  copper,  and  1  pound  of  verdigris.  When  the  two  salts  are  dis- 
solved, remove  the  kettle  from  the  fire,  and  put  into  it  1  quart  of  solution  of  nitrate  of 
copper,  and  5  pounds  of  acetate  of  lead.  Stir  the  mixture  to  facilitate  the  decomposition, 
and  allow  the  pigment  to  subside. 

It  must  be  thickened  with  2^  lbs.  of  gum  per  gallon,  for  pencilling;  or  12  oz.  of  starch 
for  the  block.  The  goods  printed  with  this  paste  are  to  be  winced  through  a  caustic  ley, 
till  a  fine  sky-blue  be  produced  ;  then  washed  well  and  rinsed.  They  are  now  to  be 
passed  through  water,  containing  from  half  an  ounce  to  an  ounce  of  white  arsenic  per 
piece;  4  turns  are  sufficient;   if  it  be  too  long  immersed  it  will  take  a  yellow  tint. 

Catechu  has  been  considerably  employed  by  calico-printers  of  late  years,  as  it  aifords  a 
fine  permanent  substantive  brown,  of  the  shade  called  carmelite  by  the  French.   The  fol- 
lowing formula  will  exemplify  its  mode  of  application : — 
TaAe  1  gallon  of  water ; 

1  pound  of  catechu  in  fine  powder ;  reduce  by  boiling  to  half  a  gallon,  pass  the  decoc- 
tion through  a  fine  sieve,  and  dissolve  in  it  4  ounces  of  verdigris ;  allow  it  then  to  cool, 
and  thicken  the  solution  with  5  ounces  of  starch ;  while  the  paste  is  hot,  dissolve  in  it  6 
ounces  of  pulverized  muriate  of  ammonia. 

Print-on  this  paste,  dry,  and  wash.     It  is  a  fast  color. 
I  shall  subjoin  the  prescriplions  for  two  fancy  cochineal  printing  colors. 
Amaranth  by  cochineal. — Pad  the  pieces  in  the  aluminous  mordant  of  spec.  grav.  1*027, 
page  230. 

Dry  in  the  hot  flue ;  and  after  hanging  up  the  goods  during  3  days,  wince  well  through 
chalky  water,  and  then  dye,  as  follows  : — 

For  each  piece  of  28  or  30  yards,  8  ounces  of  cochineal  are  to  be  made  into  a  decoc- 
tion of  2  gallons  in  bulk,  which  is  to  be  poured  into  a  kettle  with  a  decoction  of  3  ounces 
of  galls,  and  with  two  ounces  of  bran.  The  pieces  are  to  be  entered  and  winced  as  in 
the  madder  bath,  during  two  hours  and  a  half;  then  washed  in  thedasli  wheel.  On  mix- 
ing with  the  amaranth  bath  a  certain  quantity  of  logwood,  very  beautiful  lilachs  and  vio- 
lets may  be  obtained. 

Mixture  of  qncrcilron  and  cochineal. — Pad  in  the  aluminous  mordant,  and  dye  with  2 
lbs.  of  quercitron,  and  4  ounces  of  cochineal,  when  a  capuchin  color  will  be  obtained.  If 
we  pad  with  the  following  mordant,  viz.,  1  gallon  of  acetate  of  alumina  of  1-056  spec, 
grav.,  and  1  of  iron  liquor  of  1-02  spec,  grav.,  and  dye  with  1  pound  of  quercitron,  and 
1  ounce  of  cochineal,  we  shall  obtain  a  shade  like  boot-tops,  of  extreme  vivacity. 

Two  ounces  of  cochineal  will  print  a  long  piece  of  calico  with  rich  pink  figures,  having 
acetate  of  alumina  for  a  mordant.  As  the  ground  is  hardly  tinged  by  the  dye,  it  neither 
needs  nor  admits  of  much  clearing. 

I  have  already  mentioned  that  goods  are  sometimes  padded  with  solution  of  perchloride 
of  tin  before  printing-nn  them  the  steam  colors,  whereby  they  acquire  both  permanence 
and  vivacity.  I  have  also  stated  that  the  salts  of  tin  at  a  high  temperature  are  apt  to 
corrode  the  fibre  of  the  stufi',  and  therefore  must  be  used  with  discretion.  This  danger 
is  areatly  lessened  by  adding  to  the  perchloride  of  tin  a  sufficient  quantity  of  caustic 
potash  ley  to  form  a  stannate  of  potash.  The  goods  are  padded  through  this  substance, 
diluted  with  water,  dried  with  a  moderate  heat,  and  then  immersed  in  very  dilute  sul- 
phuric acid,  which  saturates  the  potash,  and  precipitates  the  tin  oxyde  within  the  pores  of 
the  cloth.  Calico  thus  prepared  aflfords  brilliant  and  permanent  colors  by  the  steam  pro 
cess,  above  described. 

Print ing  of  silks  or  uoollen  stuffs,  such  as  merinoes  and  7noussclin  de  laine,  as  also  of  mix- 
ed stuffs  of  silk  and  wool,  such  as  chalys. — All  these  prints  are  applied,  not  by  the  cylin- 
der but  tlie  block,  and  are  fixed  by  the  application  of  steam  in  one  of  four  ways ;  1.  By 
the  lantcr)i ;  2.  By  the  cask ;  3.  By  the  chest ;  or,  4.  By  the  chamber. 

1.  By  the  lantern. — In  this  mode  of  exposure  to  steam,  the  goods  are  stretched  upon 
a  frame  ;  and  therefore  the  apparatus  may  be  described  under  two  heads ;  the  lantern  and 
the  frame.  The  former  is  made  of  copper,  in  the  shape  of  a  box  a  b  c  d  E,_/ig.  238,  open 
below,  and  with  a  sloping  roof  above,  to  facilitate  the  trickling  down  of  the  water  con- 
densed upon  the  walls.  The  sides  b  c  d  e  are  45  feet  high,  6  feet  long,  and  4  feet  wide. 
The  distance  of  the  point  A  from  the  line  e  b  is  2  feet.  At  f  is  a  brass  socket,  which 
may  be  stopped  with  a  cork ;  and  there  is  a  similar  one  at  the  other  side.  This  kind 
of  penthouse  may  be  raised  by  means  of  a  pulley  with  cords  fixed  to  the  four  angles 
of  the  roof  e  b  ;  and  it  rests  upon  the  table  G  h,  a  little  larger  than  the  area  of  the  box, 
which  stands  upon  the  four  feet  i  k.  Round  the  borders  of  the  table  there  is  a 
triangular  groove'  a  h,  for  receiving  the  lower  edges  of  the  box,  and  it  is  stuflTed  steam- 
tight  with  lists  of  cloth.     Through  the  centre  of  the  table,  the  two-inch  steam  pipe  m 
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passes ;  it  is  surmounted  with  a  hemispherical  rose  pierced  with  numerous  holes  for 
the  equal  distribution  of  the  steam.  Right  above  it,  a  disc  n  is  placed  upon  four  feet. 
The  tube  l  communicates  with  a  box  p,  which  has  a  syphon  q, 
to  let  off  the  condensed  water.  At  the  upper  part  of  this  box 
the  tube  L  terminates  which  brings  the  steam.  The  little  table 
G  H  slopes  towards  the  part  g,  where  the  syphon  r  is  placed 
for  drawing  off  the  water. 

The  frame  has  such  dimensions,  that  it  may  stand  in  the  four 
corners  of  the  table  at  s  s,  as  pointed  out  by  the  dotted  lines. 
The  second  part  embraces  an  open  square  frame,  which  is 
formed  by  spars  of  wood  2  inches  sqxxare,  mortised  together ; 
and  is  3  feet  8  inches  wide,  5  feet  8  inches  long,  and  4  feet  3 
inches  high  ;  it  is  strengthened  with  cross  bars.  Upon  the  two 
sides  of  its  breadth,  two  rows  of  round  brass  hooks  are  placed, 
about  half  an  inch  apart ;  they  are  soldered  to  a  copper  plate 
fixed  to  uprights  by  means  of  screws. 

Before  hanging  up  the  goods,  a  piece  of  cloth  3  feet  8  inches 
long,  and  4  feet  wide,  is  placed  upon  the  row  of  hooks ;  and  3 
feet  of  it  are  left  hanging  out. 
One  foot  within';  the  hooks  pass  through  the  cloth.  A  similar  one  is  fitted  to  the  other 
side.  This  cloth  is  intended  to  cover  the  goods  hung  upon  the  hooks ;  and  it  is  kept 
straight  by  resting  upon  strings.  The  pieces  are  attached  zig-zag  from  one  hook  to 
another.  When  the  frame  is  filled,  the  bag  is  put  within  the  cloths;  it  has  the  same  rec- 
tangular shape  as  the  frame.  The  pieces  are  in  this  way  all  incased  in  the  cloth ;  a  bit 
of  it  being  also  put  beneath  to  prevent  moisture  affecting  that  part. 

When  shawls  are  fram.ed,  they  are  attached  with  pins  ;  and  if  they  be  too  large,  they 
are  doubled  back  to  back,  with  the  fringes  at  top. 

These  arrangements  being  made,  the  frame  is  set  upon  the  table,  the  penthouse  is  pla- 
ced over  it,  and  the  steam  is  admitted  during  from  35  to  45  minutes,  according  to  circum- 
stances. The  orifice  f  is  opened  at  first  to  let  the  air  escape,  and  when  it  begins  to  dis- 
charge steam  it  is  stopped.  The  frame  is  taken  out  at  the  proper  time,  the  bag  is  re- 
moved, the  cloths  are  lifted  off,  and  the  goods  are  spread  out  for  airing.  Three  frames 
and  six  bags  are  required  for  a  constant  succession  of  work.  The  above  apparatus  is  par- 
ticularly suitable  for  silks. 

2.  The  drum. — This  is  the  most  simple  mode  of  steaming.  The  apparatus  is  a  drum 
of  white  wood,  2  inches  thick,  fig.  239  ;  the  bottom  is  pierced  with  a  hole  which  admits 
the  steam-pipe  f,  terminating  in  a  perforated  rose.  Four  inches  from  the  bottom  there 
is  a  canvass  partition  e,  intended  to  stop  any  drops  of  water  projected  from  the  tube  f, 
and  also  to  separate  the  condensed  water  from  the  body  of  the  apparatus.  The  drum  is 
covered  in  by  a  wooden  head  h,  under  which  the  goods  are  placed.  It  is  made  fast  either 
by  bolts,  or  by  hooks,  g  g,  thus  cc  ,  to  which  weighted  cords  are 
hung.  The  frame  1,  Jig.  240,  rests  upon  a  hoop,  a  a,  a.  few  inches 
from  the  edge.  The  goods  are  hung  upon  the  frame  in  the  or- 
dinary way,  and  then  wrapped  round  with  flannel.  The  frame  is 
studded  with  pin  points,  like  that  of  the  indigo  vat,  fixed  about 
5  inches  asunder.  From  20  to  30  minutes  suffice  for  one  steam- 
ing operation.  The  upper  part  of  the  frame  must  be  covered 
also  with  flannels  to  prevent  the  deposition  of  moisture  upon  it. 
At  the  bottom  of  the  drum  there  is  a  stopcock  to  let  off  the  con- 
densed water.  According  to  the  size  of  the  figure,  which  is  3  feet 
^^  2  inches,  50  yards  may  be  hung  up  single ;  but  they  may  be  doubled 
on  occasion. 

M^pfg*  241      J      JSf^  3.  The  box. — This  steaming 

apparatus  is  convenient  from  the 
large  quantity  of  goods  admis- 
sible at  a  time  :  it  answers  best 
for  woollen  stuffs.  From  12  to 
16  pieces,  of  36  yards  each,  may 
be  operated  upon  at  once  ;  and 
from  240  to  260  shawls.  It  is 
formed  of  a  deal  box,  A  b  c  d,  fig. 

241,  4  feet  wide,  6  long,  and  3 

high  ;  the  wood  being  4  inches  thick.  It  is  closed  by  a  cover  of  the  same  substance,  i, 
which  is  made  steam-tight  at  the  edges  by  a  list  of  felt.  The  lid  is  fastened  down  by  5 
cross  bars  of  iron,  a  a  a  a  a,  which  are  secured  by  screws,  ccccc,fig.  242.  The  ends  of 
these  cross  bars  are  let  into  the  notches,  b  b  b  b  b,  on  the  edge  of  the  box.  The  safety- 
valve  M,fig.  241,  is  placed  upon  the  lid.    For  taking  off  the  lid,  there  are  rings  at  the  four 
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corners,  d  d  d  d,  bearing  cords,  f  f  r  f.     These  join  at  the  centre  into  one,  which  passes 
over  a  pulley.  Eight  inches  from  the  bottom  of  the  box  there  is  a  horizontal  canvass  par- 
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tition,  beneath  which  the  steam  is  discharged  from  the  pipe  i,,  fig.  243.     There  are  two 
ledges,  E  F  G  H,  at  the  sides  for  receiving  the  bobbins.     The  tube  l  runs  round  the  box,  as 

shown  by  the  letters  d  a  eb  :  the  end  d  is  shut ; 
but  the  side  and  top  are  perforated  with  many 
holes  in  the  direction  towards  the  centre  of  the  box. 
Fig.  244  shows  the  arrangement  of  the  lower  set 
of  bobbins  :  that  of  the  upper  set  is  shown  by  the 
dotted  lines :  it  is  seen  to  be  in  an  alternate  posi- 
tion, one  lying  between  two  others.  They  are 
formed  of  pieces  of  deal  4  inches  broad,  1  inch 
thick,  and  of  a  length  equal  to  the  width  of  the 
box.  They  are  first  wrapped  round  with  5  or  6 
turns  of  doubled  flannel  or  calico :  the  piece  of 
goods  is  laid  over  it  upon  a  table,  and  then 
wrapped  round.  At  the  end  of  tlie  piece,  several 
folds  of  the  covering  must  be  put,  as  also  a  roll 
of  flannel.  The  two  ends  must  be  slightly  tied 
with  paclithread.  When  these  flat  bobbins  are 
arranged  in  a  box,  the  steam  is  let  on  them,  and 
continued  about  45  minutes;  it  is  then  shut  off, 
the  lid  is  removed,  and  the  pieces  are  unrolled. 

4.  The  chamber. — The  interior  height  of  the 
chamber,  a  b  c  r>,  fig.  245,  is  nine  feet,  the  length 
12  feet,  and  the  breadth  9  feet.  The  steam  is  in- 
troduced into  it  by  two  pipes,  ab  c,  d  ef.  Their 
two  ends,  d  c,  are  shut;  but  their  sides  are  all 
along  perforated  with  small  holes.  The  frames 
E  F  G  H,  E  F  G  H,  are  moveable,  and  run  upon 
rollers  :  they  are  taken  out  by  front  doors,  which 
are  made  of  strong  planks,  shut  by  sliding  in 
slots,  and  are  secured  by  strong  iron  bars  and 
pressure  screws.  The  cross  rods,  e  f  g  h,  are  provided  with  hooks  for  hanging  up  the 
pieces.  There  is  a  safety-valve  in  the  top  of  this  large  chamber.  The  dimensions  of  the 
frame  are  ten  feet  long,  3  feet  wide,  and  7  high.  Three  feet  and  a  half  from  the  upper 
part  of  the  frame,  a  row  of  hooks  is  fixed  for  hanging  on  a  double  row  of  pieces,  as  shown 
in  the  figure.  Over  the  frame,  woollen  blankets  are  laid  to  protect  it  from  drops  of  wa- 
ter that  might  fall  from  the  roof  of  the  chamber.  When  the  hooks  are  two  thirds  of  an 
inch  apart,  24  pieces,  of  28  yards  each,  may  be  suspended  at  once.  The  period  of  steam- 
ing is  from  45  to  60  minutes. 

Muslins  and  silks  do  not  require  so  high  a  temperature  as  woollen  goods.  When  the 
stuffs  are  padded  with  color,  like  merinoes  and  chalys,  they  must  not  be  folded  together,  for 
fear  of  stains,  which  are  sometimes  occasioned  by  the  column  in  steam  calico-printing, 
■where  the  end  which  receives  the  first  impression  of  the  steam  is  seldom  of  the  same 
shade  as  the  rest  of  the  roll  of  goods.  The  duration  of  the  steaming  depends  upon  the 
quantity  of  acid  in  the  mordant,  and  of  saline  solution  in  the  topical  color ;  the  more  of 
which  are  present  the  shorter  should  be  the  steaming  period.  A  dry  vapor  is  requisite  in 
all  cases  ;  for  when  it  becomes  moist,  from  a  feeble  supply  or  external  condensation,  the 
goods  become  streaky  or  stained  by  the  spreading  of  the  colors. 

1.  Black  figures  are  given  by  decoction  of  logwood  thickened  with  starch,  to  which 
a  little  oxalic  acid  is  added  while  hot,  and,  after  it  is  cold,  neutralized  solution  of  nitrate 
of  iron. 

2.  Dark  blue  for  a  ground. — Decoction  of  logwood,  and  archil  thickened  with  starch  ; 
to  which,  while  the  paste  is  hot,  a  little  soluble  Prussian  blue  is  added ;  and,  when  it  is 
cold,  neutralized  nitrate  of  iron;  see  supra. 
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3.  Deep  poppy  or  ponceau  color. — Cochineal  boiled  in  starch  water,  with  oxalic  acid 
(or  tartaric),  and  perchloride  of  tin. 

4.  Roue. — Cochineal  infusion ;  oxalic  acid  ;  perchloride  of  tin  ;  thickened  with  gum. 

5.  Dark  amaranth. — Decoctions  of  archil  and  cochineal,  thickened  with  starch ;  to 
the  paste,  alum  and  perchloride  of  tin  are  added. 

6.  Capuchin  color. — Quercitron  and  cochineal  thickened  with  starch ;  to  the  paste  add 
oxalic  acid  and  perchloride  of  tin. 

7.  Annotto  orange. — Dissolve  the  annotto  in  soda  ley,  of  spec.  grav.  1'07,  at  a  boiling 
heat ;  add  aluminate  of  soda,  and  thicken  with  gum. 

8.  Golden  yellov.\ — Decoction  of  Persian  berries  thickened  with  starch  ;  to  which  some 
alum  and  muriate  of  tin  are  added,  with  a  little  perchloride  of  tin  and  oxalic  acid. 

9.  Lemon  yellow. — Persian  berries ;  starch ;  alum. 

10.  An  ammoniacal  solution  of  cochineal  is  used  for  making  many  violet  and  mallow 
colors.     It  is  prepared  by  infusing  cochineal  in  water  of  ammonia  for  24  hours  ;  then 

"  diluting  with  water,  heating  to  ebullition,  and  straining. 

11.  Fine  violet  is  given  by  ammoniacal  cochineal,  with  alum  and  oxalic  acid;  to  which 
a  little  aceto-sulphate  of  indig'i  is  added,  and  gum  for  thickening.  The  following  blue 
may  be  used  instead  of  the  solution  of  indigo.  The  mallow  tint  is  given  by  adding  a 
little  perchloride  of  tin  to  the  above  formula,  and  leaving  out  the  blue. 

12.  Dark  blue. — Soluble  Prussian  blue;  tartaric  acid  ;  alum;  thicken  with  gum. 

13.  Emerald  green. — One  quart  of  decoction,  equivalent  to  1  pound  of  Persian  ber- 
ries; 1  quart  of  infusion  of  quercitron,  of  spec.  grav.  1-027  ;  in  which  dissolve  12  ounces 
of  alum  in  powder ;  and  add  6  ounces  of  the  following  blue  bath  for  greens ;  thicken 
with  20  ounces  of  gum. 

14.  Blue  bath  for  greens.  Half  a  gallon  of  water  at  140°  F.,  one  pound  of  soluble 
Prussian  blue,  3  ounces  of  tartaric  acid,  and  2  ounces  of  alum. 

I.  Printing  of  Silks. — 1.  Of  the  madder  style.  This  is  one  of  the  most  difficult  to  exe- 
cute, requiring  both  much  skill  and  experience.  The  first  step  is  the  removal  of  the  gum. 
A  copper  being  nearly  filled  with  water,  the  pieces,  tied  up  in  a  linen  bag,  are  put  into 
it,  with  a  quarter  of  a  pound  of  soap  for  every  pound  of  silk,  and  are  boiled  for  3  hours. 
If  the  silk  be  Indian,  half  an  ounce  of  soda  crystals  must  be  added.  When  the  goods 
are  taken  out,  they  are  rinsed  in  the  river,  then  passed  through  water  at  140°  F.,  holding 
8  ounces  of  crystallized  soda  in  solution,  as  a  scourer.  They  are  next  rinsed  in  cold 
water,  and  steeped  in  water  very  faintly  acidulated  with  sulphuric  acid,  during  4  hours, 
then  rinsed,  and  dried. 

Preparation  of  Mordants. — 1  gallon  of  boiling  water;  2  pounds  of  alum;  dissolve: 
1  pound  of  acetate  of  lead  ;  4  ounces  of  sal-ammoniac ;   1  of  chalk ;  mix  well  together ; 
after  decomposition  and  subsidence,  draw  off  clear. 

1.  Red. — 1  gallon  of  the  above  mordant,  thickened  with  14  ounces  of  starch,  and 
tinged  with  decoction  of  Brazil-wood.  If  dark  red  be  wanted,  dissolve,  in  a  gallon  of 
the  above  red,  4  ounces  of  sulphate  of  copper. 

2.  Black. — 1  gallon  of  iron  liquor,  of  1'056  spec.  grav. ;  thicken  with  14  ounces  of 
starch ;  and  dissolve  in  the  hot  paste  2  ounces  of  sulphate  of  copper. 

3.  Violet. — Take  1  gallon  of  iron  liquor  of  1*04  spec,  grav.; 

2  ounces  of  cream  of  tartar ;  2  ounces  of  nitre ;  2  ounces  of  copperas ; 
1  ounce  of  alum :  dissolve,  and  mix  the  solution  with 
1  gallon  of  gum  water,  containing  6  lbs.  of  gum. 

4.  Puce. — Half  a  gallon  of  red  mordant ;  half  a  gallon  of  iron  liquor  of  1-07; 

7  ounces  of  starch  for  thickening  ;  color  with  logwood. 

Manipulation  of  the  above  colors. — Print-on  the  black,  then  the  puce,  next  the  violet, 
and  lastly  the  red.  Dry  in  the  hot  flue,  and  48  hours  after  the  impression,  wash  away 
the  paste.  The  copper  employed  for  dyeing  is  of  a  square  form :  a  boil  is  given  with 
bran,  at  the  rate  of  4  lbs.  per  piece  of  the  foulards  :  cold  water  is  added  to  lower  the 
temperature  to  130°  F.  The  pieces  must  be  entered  with  the  printed  surface  under- 
most, and  winced  for  half  an  hour,  taking  care  to  keep  them  expanded  and  well  covered 
with  the  liquor  :  they  are  then  taken  out  and  rinsed.  When  grounds  are  to  be  made  on 
the  foulards,  2  ounces  of  sumach  must  be  added  per  piece. 

Maddering. — Suppose  48  pieces  are  to  be  grounded  with  madder.  12  pounds  of  mad- 
der must  be  put  into  the  copper,  1  pound  of  sumach,  and  6  pounds  of  bran;  the  bath 
must  be  tepid  when  the  pieces  are  entered :  it  must  be  heated  to  104°  F.  in  20  minutes, 
and  to  the  boiling  point  in  an  hour  and  a  half.  The  goods  must  be  briskly  winced  all 
the  time,  and  finally  turned  out  into  cold  water. 

When  they  come  out  of  the  madder  bath  they  are  much  loaded  with  color.  They  are 
cleared  by  a  boil  of  half  an  hour  in  bran,  then  turned  out  into  cold  water,  and  rinsed.  A 
iopper  must  be  now  mounted  with  3  pounds  of  soap,  1  ounce  of  solution  of  tin,  and  2 
pailsful  of  bran,  in  which  the  goods  are  to  be  boiled  for  half  an  hour,  then  rinsed,  and 
passed  through  a  very  dilute  sulphuric  acid  bath.  Then  rinse,  and  dry.  By  following 
this  process,  a  light  salmon  ground  is  obtained. 
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II.  Steam  colors  upon  silk. — The  same  plan  of  operations  may  he  adopted  here  as  is 
described  for  calico-printing ;  the  main  dilference  being  in  the  method  of  mordanting  the 
stuffs.  After  boiling  in  soap  water,  in  the  proportion  of  4  ounces  per  pound  of  silk,  the 
goods  are  washed  in  cold  water,  and  then  in  hot  water  at  140°;  they  are  next  rinsed, 
passed  through  weak  sulphuric  acid,  rinsed,  squeezed  between  rollers,  and  afterwards 
steeped  in  a  bath  containing  8  ounces  of  alum  per  gallon,  where  they  remain  for  four 
hours,  with  occasionally  wincing.  They  are  now  rinsed  and  dried.  The  subsequent 
treatment  resembles  that  of  steam-color  printed  cottons. 

B'ack. — Take  a  gallon  of  decoction,  made  with  4  lbs.  of  logwood,  with  which 
14  ounces  of  starch  are  to  be  combined  :  mix  in 

2  ounces  of  powdered  nut-galls  :  boil,  and  pour  the  color  into  a  pipkin  con- 
taining 
2  ounces  of  tartaric  acid ;  2  ounces  of  oxalic,  both  in  powder,  and 
2  ounces  of  olive  oil.     Stir  the  color  till  it  is  cold,  and  add 
8  ounces  of  nitrate  of  iron,  and  4  ounces  of  nitrate  of  copper. 
The  red,  violet,  lilach,  yellow  colors,  &c.  are  tlie  same  as  for  steam  colors  upon  cotton. 
Topical  colors  are  also  applied  without  mordanting  the  silk  beforehand.     In  tliis  case  a 
little  muriate  of  tm  is  introduced.     Thus,  for 

Yellow. — Take   1  gallon  of  a  decoction,  made  with  4  lbs.  of  Persian  berries  :  dissolve 

in  it  8  ounces  of  salt  of  tin  (muriate),  and  4  ounces  of  the  nitro-muriatic 

solution  of  tin.     Thicken  with  2  pounds  of  gum. 

Printing  of  foulard  pieces.     The  tables  which  serve  for  the  impression  of  silk  goods  are 

so  constructed  as  to  receive  them  in  their  full  breadth.     Towards  the  part  between  the 

color  or  sieve  tub  and  the  table,  the  roller  is  mounted  upon  which  the  piece  is  wound. 

^^^  jBp    This  roller,  A  b,  fig.  246,  has  a  groove,  c,  cut  out  parallel 

to  its  axis.     Into  this  a  bar  is  pressed,  which  fixes  the  end 

of  the  piece.     The  head,  b,  of  the  roller   is   pierced  with 

several  holes,  in  which  an  iron  pin  passes  for  stopping  its 

^     rotation  at  any  point,  as  is  shown  at  b.     At  the  other  end 

—^"  of  the  table  there  is  placed  a  comb,  fig.  247,  which  is 

supported  by  pivots  A  b  at  its  ends.     The  teeth  of  the  comb  are  on  a  level  with  the 

cloth. 

The  piece  is  arranged  for  printing  as  follows  : — It  is  unwound,  and  its  end  is  brought 
upon  the  teeth  of  the  comb,  and  made  to  pass  into  them  by  slight  taps  with  a  brush. 
It  is  now  stretched,  by  turning  round  the  roller,  and  fixing  it  by  the  pin-handle. 
After  tracing  the  outline,  the  printing  blocks  are  applied.  Care  should  be  taken,  in 
the  course  of  printing,  always  to  fix  the  teeth  of  the  comb  in  the  middle  line  between 
two  handkerchiefs.  The  operation  of  grounding-in  is  much  facilitated  by  this  plan  of 
extension. 

The  pieces  are  washed  in  running  water,  and  must  be  rapidly  dried.  The  subsequent 
dressing  is  given  by  gum  tragacanth :  they  are  dried  upon  a  stretching  frame,  and  then 
folded  up  for  the  market. 

III.  Manda-rining  of  silk  stuffs  and  chalys. — This  style  of  printing  depends  upon  the 
property  which  nitric  acid  possesses  of  giving  to  silk  and  woollen  stufl's  a  yellow  color. 

The  first  step  is  the  scouring  with  a  soap  boil,  as  already  described. 
The  designs  are  printed-on  as  also  above  described. 

The  swimming  or  color  tub  is  usually  double,  and  serves  for  two  tables ;  instead  of 
being  placed,  therefore,  at  the  end  of  the  table,  it  is  put  between  two,  and,  conse- 
quently, behind  the  printer.  It  is  formed  of  a 
copper  chest,  fig.  248,  A  b  c  d,  in  which  steam 
may  circulate,  introduced  by  the  pipe  i ;  the  ex- 
cess being  allowed  to  escape  by  the  tube  j,  as  also 
the  water  of  condensation.  The  frame  is  placed 
in  the  hollow  box  K  k.  Between  two  such  frames 
there  is  a  plate  of  copper,  l,  which  closes  the  box ; 
it  serves  for  laying  the  plates  in  order  to  keep  them 
hot.  At  E  and  h  are  prolongations  of  the  box,  in  which  are  set  the  vessels  f  g  for  hold- 
ing the  reserve  paste. 

Preparation  of  the  reserve  or  resist  paste.— Me\t  in  a  kettle  2|  lbs.  of  rosin;  1 
lb.  of  suet ;  mix  well,  and  put  it  into  the  basins  f'  g'.  By  means  of  pteam  the 
reserve  is  kept  melted,  as  well  as  the  false  color  upon  which  the  sieve  floats.  The 
piece  of  silk  being  laid  upon  the  table,  and  the  reserve  spread  upon  the  frame,  tlie 
printer  heats  his  block,  which  should  be  mounted  \vith  lead,  if  the  pattern  will  per- 
mit, upon  the  little  table  l.  He  takes  up  the  color  from  the  frame,  and  transfers 
it  instantly  to  the  piece.  He  must  strike  the  block  lightly,  and  then  lift  it,  lest,  by  its 
cooling,  it  might  stick  to  the  silk.  When  the  table  pattern  is  completed,  he  dusts  it 
over  with  sand,  and  proceeds  to  another  portion  of  the  silk.     The  piece  must  not  be 
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taken  out  of  the  stretch  till  it  is  quite  dry,  which  requires  usually  6  hours.  Let  us  con- 
sider first  the  most  common  case,  that  of  a  Avhite  upon  an  orange  ground.  We  shall 
afterwards  describe  the  other  styles,  which  may  be  obtained  by  this  process.  The  piece, 
being  printed  and  drj',  must  next  be  subjected  to  the  mandarinivg  operation. 

The  apparatus  here  employed  consists  of  a  sandstone  trough 
A  B  c  D,  fig.  249.  Upon  the  two  sides,  a  c,  b  d,  of  this  trough 
are  fixed  two  wooden  planks,  pierced  with  a  hole  an  inch  from 
the  bottom  to  receive  the  roller  e,  under  which  the  piece  passes. 
In  this  trough  the  acid  mixture  is  put.  That  trough  is  put  in- 
to a  wooden  or  copper  trough,  f  g  h  i.  Into  the  latter,  water 
is  put,  which  is  heated  by  means  of  steam,  or  a  convenient  fur- 
nace. Before  and  behind  are  placed  two  winces,  or  reels,  k  l; 
one  serves  to  guide  the  piece  in  entering  into  the  trough,  and 
the  other  in  its  leaving  it.  The  piece  falls  immediately  into  a 
stream  of  cold  water,  or,  failing  that,  into  a  large  back,  con- 
taining a  mixture  of  chalk  and  water.  The  two  winces  are 
moved  by  handles:  the  velocity  is  proportioned  to  the  action  of 
the  acid.  The  winf'e  i,  ought  to  be  higher  than  k,  to  allow  the 
acid  to  drain  off.  tig.  250  shows  a  section  of  the  apparatus. 
^.y.  The  temperature  of  the  acid  mixture  ought  to  be  maintained 

/'afrU  between  95°  and  100°  F. ;  for  if  it  be  raised  higher,  the  resist 
would  run  the  risk  of  melting,  and  the  impression  would  be- 
come irregular  and  blotty. 

The  proportions  of  the  acid  mixture  are  the  following : — 
]  gallon  of  water ;   and  1    gallon  of  nitric   acid,  of  spec.  grav. 
J-288,  which  may  be  increased  with  the  strength  of  the  silk.     It  should  be  a  little  weaker 
for  chalys.     For  the  strong  greens  it  may  be  2  measures  of  acid  of  1-288  to  1  measure  of 
water.     The  duration  of  the  passage  through  the  acid  should  be  I  minute  at  most. 

Mixture  of  orange  color,  and  charing  au-ay  of  the  resist. — The  goods,  on  com.ing  out 
of  the  mandarining  apparatus,  are  rinsed  in  running  water;  then  boiled  in  soap  water, 
quickened  with  a  little  soda,  at  the  rate  of  2  lbs.  of  the  former  and  4  oz.  of  the  latter 
for  a  piece  of  30  yards.  They  must  be  worked  by  tlie  wince  for  half  an  hour.  They 
are  now  rinsed  in  cold  water,  then  passed  through  hot,  again  rinsed,  and  dried.  I  shall 
give  some  examples  of  the  mode  of  manufacture,  which  is  undoubtedly  one  of  the  most 
curious  applications  of  chemical  ingenuity. 

1.  Orange  ground  with  ivhite  figures. 

(1.)  Print-on  the  fat  reserve;  (2.)  mandarine;  (3.)  brighten  the  orange,  and  clear. 

2.  Orange  ground  with  blue  figures. 

(1.)  Dip  in  the  indigo  vat  as  for  calico;  (2.)  print-on  the  fat  resist  to  preserve  the 
blue;  (3.)  mandarine;   (4.)  clear,  and  brighten  the  orange  by  the  boil. 

3.  Orange  ground,  with  blue  and  vhire  figures. 

(1.)  Print-on  the  resist  to  preserve  the  white ;  (2.)  dip  in  the  vat,  rinse,  and  dry ;  (3.) 
ground-in  the  fat  resist  to  preserve  the  blue;  (4.)  mandarine;  (5.)  cleanse,  and  brighten. 

4.  Full  green  ground,  and  ivhite  figures. 

(1.)  Print-on  the  resist ;  (2.)  mandarine,  and  rinse  without  drying ;  (3.)  dip  in  the  blue 
vat;  (4.)  cleanse,  and  brighten. 

5.  Full  green  ground,  and  blue  figures. 

(1.)  Dip  a  pale  blue,  rinse,  and  dry;  (2.)  print-on  the  fat  resist;  (3.)  mandarine,  wash 
and  dry;   (4.)  dip  full  blue;   (5.)  clean,  and  brighten. 

6.  Full  green  ground,  with  white  and  blue  figures. 

(1.)  Print  on  the  resist ;  (2.)  dip  a  pale  blue,  and  dry;  (3.)  ground-in  the  fat  resist; 
(4.)  mandarine  and  rinse ;   (5.)  dip  a  full  blue  ;   (6.)  clean,  and  brighten. 

7.  Full  green  ground,  with  ivhiie,  blue,  and  orange  figures. 

(1.)  Print-on  the  fai  reserve ;  (2.)  dip  a  pale  blue,  and  dry ;  (3.)  ground-in  the  re- 
serve; (4.)  mandarine,  rinse,  and  dry;  (5.)  ground-in  the  reserve;  (6.)  dip  a  full 
blue;    (7.)  clean,  and  brighten. 

If  blue  grounds  with  white  figures  be  wanted,  the  resist  must  be  applied,  and  then 
the  goods  must  be  dipped  in  the  blue  vat :  the  resist  is  afterwards  removed  by  a  boil  in 
soap-water. 

The  above  processes  are  applicable  to  chalys. 

The  property  which  nitric  acid  possesses  of  staining  animal  matters  yellow,  such  as 
the  skin,  wool,  and  silk,  is  here  applied  to  a  very  elegant  purpose. 

Of  the  bronze  or  solitaire  style  by  mandarining. — The  mandarining  mixture  is 

1  gallon  of  nitric  acid,  of  M7  spec.  erav. ;  mixed  with  3  pints  of  solution  of  nitrate 
of  iron,  of  spec.  grav.  1-P5.  If  the  quantity  of  nitrate  of  iron  be  increased,  a  darker 
tint  will  be  obtained.  The  temperature  of  the  mixture  should  be  94°  F.  The  pieces, 
after  mandarining,  are  let  fall  int(;  water,  anu  steeped  for  an  hour. 
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In  order  to  raise  the  bronze,  and  clear  away  the  fat  resist,  the  goods  must  be  boiled  in 
a  bath  of  soap  and  soda,  as  described  for  orange. 

J.  Bronze  ground,  with  white  figures. 

(1.)  Print-on  the  fat  resist;  (2.)  dip  in  the  blue  vat,  and  dry;  (3.)  pad  in  a  decoction 
of  logwood,  of  4  lbs.  per  gallon  ;  dry,  taking  care  to  turn  over  the  selvages ;  (4.)  manda- 
rine, and  steep  in  water  for  an  hour ;  (5.)  cleanse,  and  pass  through  soap. 

2.  Bronze  ground,  with  blue  figures. 

(1.)  Dip  in  the  blue  vat,  and  dry;  (2.)  print-on  the  fat  resist;  (3.)  pad  in  the  above 
decoction  of  logwood,  and  di-y ;  (4.)  mandarine,  and  steep  an  hour ;  (5.)  cleanse,  and 
brighten. 

3.  Bronze  ground,  with  white  and  blue. 

(1.)  Print-on  the  fat  resist ;  (2.)  dip  in  the  blue  vat,  and  dry  ;  (3.)  ground-in  the  fat  re- 
sist; (4.)  pad  in  the  logwood  liquor,  and  dry;  (5.)  mandarine,  and  steep  for  an  hour; 
(6.)  cleanse,  and  give  the  brightening  boil  with  soap. 

This  style  of  manufacture  may  be  executed  on  chalys;  and  is  capable  of  producing 
beautiful  effects,  which  will  in  vain  be  sought  for  by  other  means. 

With  silks,  advantage  may  be  derived  from  various  metallic  solutions  which  possess 
the  properly  of  staining  animal  substances ;  among  which  are  nitrate  of  silver,  nitrate  of 
mercury,  and  muriate  of  iron.  The  solutions  of  these  salts  may  be  thickened  with  gum, 
and  printed-on. 

^n  orange  upon  an  indigo  vat  ground. — After  the  blue  ground  has  been  dyed,  orange 
figures  may  be  produced  by  prinling-on  the  following  discharge  paste : — 

1  gallon  of  water,  made  into  a  paste  with  1  pound  of  starch  ;  when  cold,  add  to  it  from 
16  to  24  ounces  of  nitric  acid,  of  spec.  grav.  1*288.  After  fixing  the  color  by  steam, 
the  orange  is  brightened  with  a  soap  boil. 

.dn  orange  upon  a  Prussian-blue  ground. — The  dye  is  first  given  by  Prussian  blue  in 
the  ordinary  way,  and  then  the  following  discharge  is  printed-on  : — 

A  caustic  ley  being  prepared,  of  1-086  specific  gravilj',  dissolve  in  a  eallon  of  it  2 
pounds  of  annotto,  and  thicken  willi  3  pounds  and  a  quarter  of  gum.  Two  days  after 
the  impression  of  this  paste,  pass  the  goods  through  steam,  and  wash  them  in  running 
water.  "With  these  two  designs,  the  logwood  and  gall-black,  formerly  described,  may  be 
associated,  to  produce  a  rich  effect. 

To  the  preceding  practical  instructions  for  printing  calicoes,  silks,  woollens,  and  mixed 
fabrics,  made  of  the  two  latter,  a  few  annotations  may  be  added. 

When  a  uniform  color  is  to  be  applied  to  both  sides  of  the  cloth,  the  padding  process  is 
employed  ;  but,  when  only  one  side  is  to  be  thus  colored,  diagonal  lines  are  cut  very  close- 
ly to  each  other  upon  the  cylinder,  which  transfer  so  much  color  from  the  trough  to  the 
cloth  passed  under  it  as  to  make  the  surface  appear  uniformly  stained.  This  process  is 
called  mattage  by  the  French.  Mordants  or  topical  dyes,  to  be  applied  in  this  way, 
should  not  be  much  thickened. 

The  doubter  is  the  piece  of  felt  or  blanket  stuff  placed  between  the  cloth  to  be  printed, 
and  the  block  printing-table,  or  the  cylinders.  It  should  be  kept  very  clean ;  because, 
were  it  soiled  with  acetate  of  iron,  it  would  spoil  all  the  light  shades  made  with  acetate 
of  alumina. 

Filters  for  the  color  shop  of  a  print-house  are  best  made  of  wool,  formed  into  a  sub- 
stantial conical  cap  by  felting.     A  filter  ought  to  be  set  apart  for  each  different  dye-stufl'. 

When  the  goods  after  dyeing  are  washed,  by  being  held  by  the  selvage,  dipped,  and 
shaken  in  a  stream  of  water,  the  process  is  called  giving  a  list  by  the  French  {donner  une 
lisicre).     The  piece  is  transferred  alternately  from  one  hand  to  another. 

Suiins.  When  we  observe  stains  produced  by  mordants  upon  spots  where  no  color  is 
to  come,  we  must,  before  dunging  the  goods,  apply  a  little  of  the  lime-juice,  or  tartaro- 
oxalic  acid  discharge  paste,  to  the  place.  If,  on  the  contrary,  the  stains  are  not  perceived 
till  after  the  maddering,  we  must  then  apply  to  it  first  a  strong  solution  of  chloride  of  lime 
with  a  pencil,  next  a  solution  of  oxalic  acid  mixed  with  a  little  muriatic  with  another 
pencil,  and  immediately  afterward  wash  with  water.  Every  madder  stain  will  be  effaced 
by  this  means. 

Rust  stains  are  removeable  by  a  mixture  of  oxalic  and  muriatic  acids. 

Indigo  stains  by  the  combined  action  of  chloride  of  lime  and  muriatic  acid. 

Topical  yellow  stains,  or  yellow  dyes,  by  the  same  combination. 

Metallic  greens  and  Scheele's  green  by  the  acid  alone. 

Chrome  green,  and  Prussian  blue.  The  blue  may  be  taken  ouj  by  a  caustic  alkali ; 
after  which  the  goods  must  be  washed :  the  residuary  rust  stain  may  be  removed  by  the 
mixture  of  oxalic  and  muriatic  acids.  The  above  methods  refer  to  cotton  and  linen. 
The  stains  on  silk  and  woollen  stuffs  should  be  removed  before  fixing  the  colors  by  the 
soap  boil ;  which  may  generally  be  done  by  scratching  with  the  finger,  with  the  aid  of  a 
little  water. 

For  a  direct  calico  green,  see  oxyde  of  Chrome. 
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Mr.  Hudson,  of  Gale,  near  Rochdale,  obtained  a  patent,  in  December,  1834,  for  a  me- 
chanism which  furnishes  a  continual  and  regular  supply  of  color  to  the  sieve  or  tear 
(tire,  Fr.),  into  which  the  printer  has  to  dip  his  block,  for  the  purpose  of  receiving  the 
color  about  to  be  transferred  to  the  fabric  in  the  operations  of  printing  calicoes  or  paper 
hangings.  The  contrivance  consists  in  a  travelling  endless  web,  moved  by  power,  which, 
by  passing  progressively  from  the  color  vat  over  the  diaphragm,  brings  forward  continu- 
ously an  equable  supply  of  the  colored  paste  for  the  workman's  block. 

Fig.  251  represents  the 
construction  of  this  inge- 
nious apparatus,  shown 
partly  in  section,  a  a  is  a 
vessel  of  iron,  supported 
upon  wooden  standards  b  b, 
over  the  upper  surface  of 
which  vessel  a  sheet  or 
diaphragm,  c  c,  of  oiled 
cloth,  or  other  suitable 
elastic  material,  is  dis- 
tended and  made  fast  at 
its  edges  by  being  bent 
over  a  flange,  and  packed 
or  cemented  to  render  the  joints  water-tight.  A  vertical  pipe  d  is  intended  to  conduct 
water  to  the  interior  of  the  vessel  a,  and,  by  a  small  elevation  of  the  column,  to  create 
such  upward  pressure  as  shall  give  to  the  diaphragm  a  slight  bulge  like  the  swimming 
tub. 

An  endless  web,  e  e  e,  passing  over  the  surface  of  the  diaphragm,  is  distended  over  three 
rollers, /g  h,  the  lower  of  which,/,  is  in  contact  with  the  color-roller  i  in  the  color- 
trough  K.  On  the  axle  of  the  roller  i  a  pulley  wheel  is  fixed,  which  allows  the  roller  to 
be  turned  by  a  band  from  any  first  mover ;  or  the  roller  may  receive  rotatory  motion  by  a 
winch  fixed  on  its  axle.  On  this  said  axle  there  is  also  a  toothed  wheel,  taking  into  a 
another  toothed  wheel  on  the  axle  of  the  roller/";  hence,  the  rotation  of  the  color-roller 
i  in  the  one  direction  will  cause  the  roller  f  to  revolve  in  the  opposite,  and  to  carry  for- 
ward the  endless  web  e  e  e,  over  the  elastic  diaphragm,  the  web  taking  with  it  a  stratum 
of  color  received  from  the  roller  i,  evenly  distributed  over  its  surface,  and  ready  for  the 
printer  to  dip  his  block  into. 

The  axles  of  the  rollers/ and  g  turn  in  stationary  bearings ;  but  the  axle  of /i  is  mounted 
in  sliding  nuts,  which  may  be  moved  by  turning  the  screws  m,  for  the  purpose  of  tight- 
ening the  endless  web.  The  axle  of  the  color-roller  i  turns  in  mortises,  and  may  be  rais- 
ed by  screws  n  in  order  to  bring  its  surface  into  contact  with  the  endless  web.  To  pre- 
vent too  great  a  quantity  of  color  being  taken  up,  the  endless  web  passes  through  a  long 
slit,  or  parallel  aperture,  in  a  frame  o,  which  acts  as  a  scraper  or  doctor,  and  is  adjusta- 
ble by  a  screw  p,  to  regulate  the  quantity  of  color  carried  up.  The  contents  of  the  vessel 
a,  and  of  the  color-trough  k,  may  be  discharged  when  required  by  a  cock  in  the  bottom 
of  each.     See  Paper  Hangings,  for  the  Fondu  style. 

CALOMEL.  {Chlorure  de  Mercure,  Fr. ;  Versiisstes  Quecksilber,  Germ.)  The 
mild  protochloride  of  mercury.  The  manufacture  of  this  substance  upon  the  great  scale 
may  be  performed  in  two  ways.  The  cheapest  and  most  direct  consists  in  mixing 
1|  part  of  pure  quicksilver  with  1  part  of  pure  nitric  acid,  of  spec.  grav.  from 
1*2  to  1"25;  and  in  digesting  the  mixture  till  no  more  metal  can  be  dissolved,  or 
till  the  liquid  has  assumed  a  yellow  color.  At  the  same  time,  a  solution  of  1  part 
of  common  salt  is  made  in  32  parts  of  distilled  water,  to  which  a  little  muriatic  acid  is 
added ;  and,  when  heated  to  nearly  the  boiling  point,  it  is  mixed  with  the  mercurial  solu- 
tion. The  two  salts  exchange  bases,  and  a  protochloride  of  mercury  precipitates  in  a 
white  powder,  which,  after  being  digested  for  some  time  in  the  acidulous  supernatant 
liquor,  is  to  be  washed  with  the  greatest  care  in  boiling  water.  The  circumstances  which 
may  injure  the  process  are  the  following: — 1.  When  less  mercury  is  employed  than  the 
acid  can  dissolve,  there  is  formed  a  deuto-nitrate  of  mercury,  which  forms  some  corrosive 
sublimate  with  the  common  salt,  and  causes  a  proportional  defalcation  of  calomel.  2.  If 
the  liquors  are  perfectly  neutral  at  the  moment  of  mixing  them,  some  subnitrate  of  mer- 
cury is  thrown  down,  which  cannot  be  removed  by  washing,  and  which  gives  a  noxious 
contnmination  to  the  bland  calomel.  The  acid  prescribed  in  the  above  formula  obviates 
this  danger. 

The  second  manner  of  manufacturing  calomel  is  to  grind  very  carefully  4  parts  of 
corrosive  sublimate  (bi-chloride  of  mercury)  with  3  parts  of  quicksilver,  adding  a  little  v/ater 
or  spirits  to  repress  the  noxious  dust  during  the  trituration.  The  mass  is  then  introduced 
into  a  glass  globe,  and  sublimed  at  a  temperature  gradually  raised.  The  quicksilver 
combines  with  the  deutochloride,  and  converts  it  into  the  protochloride,  or  calomel.    The 
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follcwin?  formula,  upon  Ihe  same  principle,  was  recommended  to  the  chemical  manufac- 
turer in  Brande's  Journal  for  July,  1818  : — 

"Prepare  an  oxjsulphate  of  mercuij',  by  boiling  25  pounds  of  mercury  with  35  pounds 
of  sulphuric  acid  to  dryness.  Triturate  31  pounds  of  this  dry  salt  with  20  pounds  4 
ounces  of  mercury,  until  the  globules  disappear,  and  then  add  17  pounds  of  common 
salt.  The  whole  is  to  be  thoroughly  mixed,  and  sublimed  in  earthen  vessels.  Between 
46  and  48  pounds  of  pure  calomel  are  thus  produced  :  it  is  to  be  washed  and  levigated 
in  the  usual  way."  The  above  is  the  process  used  at  Apothecaries'  Hall,  London.  The 
oxysulphate  is  made  in  an  iron  pot ;  and  the  sublimation  is  performed  in  earthen  ves- 
sels. The  crystalline  crust  or  cake  of  calomel  should  be  separated  from  the  accompanying 
gray  powder,  which  is  nearest  the  glass,  and  consists  of  mercury  mixed  with  corrosive 
sublimate. 

An  ingenious  modification  of  the  latter  process,  for  which  a  patent,  now  expired,  was 
obtained  by  Mr.  Jewell,  consists  in  conducting  the  sublimed  vapors  over  an  extensive  sur- 
face of  water  contained  in  a  covered  cistern.  The  calomel  thus  obtained  is  a  superior 
article,  in  an  impalpable  powder,  propitious  to  its  medical  efficacy. 

The  presence  of  corrosive  sublimate  in  calomel  is  easily  detected  by  digesting  alcohol 
upon  it,  and  testing  the  decanted  alcohol  with  a  drop  of  caustic  potash,  when  the  charac- 
teristic brick-colored  precipitate  will  fall,  if  any  of  the  poisonous  salt  be  present.  To 
detect  subnitrate  of  mercury  in  calomel,  digest  dilute  nitric  acid  on  it,  and  test  the  acid 
with  potash,  when  a  precipitate  will  fall  in  case  of  that  contamination.  As  it  is  a  medi- 
cine so  extensively  administered  to  children  at  a  very  tender  age,  its  purity  ought  to  be 
scrupulously  watched. 

lis  parts  of  calomel  contain  100  of  quicksilver. 
CALORIC.     The  chemical  name  of  the  power  or  matter  of  heat. 
CALORIFERE    OF   WATER.     (Calorifh-e  d'eau,  Fr. ;    Wasser-Heitznve;,  Germ.) 
In  the  Dicdonnaire  Techno]os.ique,  vol.  iv.,  published  in  1823,  we  find  the  following  de- 
scription of  this  apparatus,  of  late  years  so  much  employed  in  Great  Britain  for  heating 
conservatories,  &c.,  by  hot  water  circulating  in  pipes  : — 

"This  mode  of  heating  is  analogous  to  that  by  stove-pipes  :  it  is  effected  by  the  circu- 
lation of  water,  which,  like  air,  is  a  bad  conductor,  but  may  serve  as  a  carrier  of  caloric 
by  its  mobility.  We  may  readily  foim  an  idea  of  the  apparatus  which  has  been  employed 
for  this  purpose.  We  adapt  to  the  upper  part  of  either  a  close  kettle,  or  of  an  ordinary 
cylindric  boiler  a,  fig.  252,  a  tube  b,  which  rises  to  a  certain 
height,  then  descends,  making  several  sinuosities  with  a  gentle 
slope  till  it  reaches  the  level  of  the  bottom  of  the  boiler,  to  whose 
lowest  part,  as  that  which  is  least  heated,  it  is  fitted  at  c. 
At  the  hishest  point  of  the  tube  f  we  adapt  a  vertical  pipe,  des- 
tined to  serve  as  an  outlet  to  the  steam  which  may  be  formed  if 
the  temperature  be  too  much  raised  :  it  serves  also  for  the  es- 
cape of  the  air  expelled  from  the  water  by  the  heat :  and  it  per- 
mits the  boiler  to  be  replenished  from  time  to  time  as  the  water 
is  dissipated  by  evaporation ;  lastly,  it  is  a  tube  of  safety. 

"  The  apparatus  being  thus  arranged,  and  all  the  tubes  as 
well  as  the  boiler  filled  with  water,  if  we  kindle  fire  in  the  erate 
E,  the  first  portions  of  water  heated,  having  become  specifically 
lighter,  will  tend  to  rise  :  they  will  actually  mount  into  the  up- 
per part  of  the  boiler,  and,  of  course,  enter  the  tube  b  f:  at 
the  same  lime  an  equivalent  quantity  of  water  will  re-enter  the 
boiler  by  the  other  extremity  c  of  the  tube.  We  perceive  that 
these  simultaneous  movements  will  determine  a  circulation  in 
the  whole  mass  of  the  liquid,  which  will  continue  as  long  as  heat  is  generated  in  the  fire- 
place ;  and  if  we  suppose  that  the  tubes,  throughout  their  different  windings,  are  applied 
against  the  walls  of  a  chamber,  or  a  stove-room,  the  air  will  get  warmed  by  contact  with 
the  hot  surfaces ;  and  we  may  accelerate  the  warming  by  multiplying  these  contacts  in 
the  mode  indicated. 

"This  calori/cre  cannot  be  employed  so  usefully  as  those  with  heated  air,  when 
it  is  wished  to  heat  large  apartments.  In  fact,  the  passage  of  heat  through  metallic 
plates  is  in  the  ratio  of  the  difference  of  temperature  and  quantity  of  the  heating  surfaces. 
In  the  present  case,  the  temperature  of  the  water,  without  pressure,  in  the  lubes,  must  be 
always  under  100°  C.  (212°  F.),  even  in  those  points  where  it  is  most  heated,  and  less 
still  in  all  the  other  points,  while  the  temperature  of  the  flues  in  air  siove.i,  heated  directly 
by  the  products  of  combustion,  may  be  greatly  higher.  In  these  stoves,  also,  the  jiipes 
may  without  inconvenience  have  a  large  diameter,  and  present,  consequently,  a  large  heat- 
ing surface;  whereas,  with  the  water  calorifere,  the  pressure  exercised  by  the  liquid  upon 
the  sides  of  the  tubes  being  in  the  ratio  of  the  surfaces,  we  are  obliged,  in  order  to  avoid 
too  great  pressure,  to  employ  a  multitude  of  small  tubes,  which  is  expensive.     Lastly,  if 
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the  hot-water  circulation  is  to  be  carried  hi^h,  as  may  be  often  necessary  in  lofty  build- 
ings, the  pressure  resulting  from  the  great  elevation  would  call  for  proportional  thickness 
in  the  tubes  and  the  boiler  :  for  these  reasons,  and  others  which  we  shall  state  in  treating 
of  heating  by  steam,  it  appears  that  water  cannot  be  advantageously  substituted  for  air 
or  steam  in  the  applications  above  stated  ;  yet  this  mode  of  heating  presents  very  decided 
advantages  where  it  is  useful  to  raise  the  temperature  a  small  number  of  degrees  in  a 
uniform  manner."     See  Incubation,  artificial. 

"  M.  Bonnemain  applied,  with  much  success,  these  ingenious  processes  of  heating 
by  the  circulation  of  water,  to  maintain  a  very  equal  temperature  in  hot-houses  (serres- 
chaudes),  ia  stoves  adapted  to  artificial  incubation,  and  in  preserving  or  quickening  vege- 
tation within  hot-houses,  or  outside  of  their  walls,  during  seasons  unpropitious  to  horti- 
culture. 

"  Since  the  capacity  of  water  for  heat  is  very  great,  if  the  mass  of  it  in  a  circulation- 
apparatus  be  very  considerable,  and  the  circulation  be  accelerated  by  proper  arrangements, 
as  by  cooling  the  descending  tube  exterior  to  the  stove-room,  we  may  easily  obtain  by  such 
means  a  moderately  high  and  uniform  temperature,  provided  the  heat  generated  in  the 
fire-place  be  tolerably  regular.  We  may  easily  secure  this  essential  point  by  the  aid  of 
the  fire-re iiulai or,  an  instrument  invented  by  M.  Bonnemain,  and  which  is  described  un- 
der the  article  Incubation,  because  there  its  use  seems  to  be  indispensable." 

From  the  above  quotation,  and,  more  especially,  from  the  evidence  adduced  in  the  ar- 
ticle Incubation,  we  see  how  little  claim  the  Marquis  de  Chabannes,  or  any  of  his  fol- 
lowers, can  have  to  invention  in  their  arrangements  for  heating  apartments  by  the  calorific 
motions  of  the  particles  of  water,  enclosed  in  i)ipes  of  any  kind. 

CAMBRIC.  {Batiste,  Fr. ;  Kammcrluch,  Germ.)  A  sort  of  very  fine  and  rather  thin 
linen  fabric,  first  made  at  Cambray.  An  excellent  imitation  of  this  fabric  is  made  in 
Lancashire,  woven  from  fine  cotton  yarn  hard  twisted.  Linen  cambric  of  a  good  quality 
is  also  now  manufactured  in  the  United  Kingdom  from  power-spun  flax. 

CAMLET,  OR  CAMBLET.  A  lisht  stufl",  much  used  for  female  apparel.  It  is  made 
of  long  wool  hard  spun,  sometimes  mixed  in  the  loom  with  cotton  or  linen  yarn. 

CAMPHOR,  OR  CAMPHIRE.  This  immediate  product  of  vegetation  was  known  to 
the  Arabs  under  the  names  of  kamphur  and  knphur,  whence  the  Greek  and  Latin  name 
camphora.  It  is  found  in  a  great  many  plants,  and  is  secreted,  in  purity,  by  several  lau- 
rels ;  it  occurs  combined  with  the  essential  oils  of  many  of  the  labiaccB  ;  but  it  is  extract- 
ed, for  manufacturing  purposes  only,  from  the  Laurus  camphora,  which  abounds  in  China 
and  Japan,  as  well  as  from  a  tree  which  grows  in  Sumatra  and  Borneo,  called,  in  the 
countrj',  Kapour  barros,  from  the  name  of  the  place  where  it  is  most  common.  The  cam- 
phor exists,  ready  formed,  in  these  vegetables,  between  the  wood  and  the  bark ;  but  it 
does  not  exude  spontaneously.  On  cleaving  the  tree  Laurus  suma/rensis,  masses  of  pure 
camphor  are  found  in  the  pith. 

The  wood  of  the  laurus  is  cut  into  small  pieces,  and  put,  with  plenty  of  water,  into 
large  iron  boilers,  which  are  covered  with  an  earthen  capital  or  dome,  lined  within  with 
rice  straw.  As  the  water  boils,  the  camphor  rises  with  the  steam,  and  attaches  itself  as 
a  sublimate  to  the  stalks,  under  the  form  of  granulations  of  a  gray  color.  In  this  state, 
it  is  picked  off  the  straw,  and  packed  up  for  exportation  to  Europe. 

Formerly  Venice  held  the  monopoly  of  refining  camphor,  but  now  France,  England, 
Holland,  and  Germany  refine  it  for  their  own  markets.  All  the  purifying  processes  pro- 
ceed on  the  principle  that  camphor  is  volatile  at  the  temperature  of  400°  F.  The  sub- 
stance is  mixed,  as  intimately  as  possible,  with  2  per  cent,  of  quicklime,  and  the  mixture 
is  introduced  into  a  large  bottle  made  of  thin  uniform  glass,  sunk  in  a  sand  bath.  The 
fire  is  slowly  raised  till  the  whole  vessel  becomes  heated,  and  then  its  upper  part  is  gradu- 
ally laid  bare  in  proportion  as  the  sublimation  goes  on.  Much  attention  and  experience 
are  required  to  make  this  operation  succeed.  If  the  temperature  be  raised  too  slowly, 
the  neck  of  the  bottle  might  be  filled  with  camphor  before  the  heat  had  acquired  the 
proper  sublimins  pitch  ;  and,  if  too  quickly,  the  whole  contents  might  be  exploded.  If 
the  operation  be  carried  on  languidly,  and  the  heat  of  the  upper  part  of  the  bottle  be 
somewhat  under  the  melting  point  of  camphor,  that  is  to  say,  a  little  under  350°  F.,  the 
condensed  camphor  would  be  snowy,  and  not  sufficiently  compact  and  transparent  to  be 
saleable.  Occasionally,  sudden  alternations  of  temperature  cause  little  jets  to  be  thrown 
up  out  of  the  liquid  camphor  at  the  bottom  upon  the  cake  formed  above,  which  soil  it, 
and  render  its  re-sublimation  necessary. 

If,  to  the  mixture  of  100  parts  of  crude  camphor  and  2  of  quicklime,  2  parts  of  bone- 
black,  in  fine  powder,  be  added,  the  small  quantity  of  coloring  matter  in  the  camphor 
will  be  retained  at  the  bottom,  and  whiter  cakes  will  be  produced.  A  spiral  slip  of  pla- 
tina  foil  immersed  in  the  liquid  may  tend  to  equalize  its  ebullition. 

By  exposing  some  volatile  oils  to  spontaneous  evaporation,  at  the  heat  of  about  70°  F., 
Proust  obtained  a  residuum  of  camphor ;  from  oil  of  lavender,  25  per  cent,  of  its  weight ; 
from  oil  of  sage,  122  J  f™ni  oil  of  marjoram,  10. 
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Refined  camphor  is  a  white  translucid  solid,  possessing  a  peculiar  taste  and  smell.  It 
may  be  obtained,  from  the  slow  cooling  of  its  alcoholic  solution,  in  octahedral  crystals.  K 
may  be  scratched  by  the  nail,  is  very  flexible,  and  can  be  reduced  inio  powder  merely  by 
mixing  it  with  a  few  drops  of  alcohol.  Its  specific  gravity  varies  from  0-985  to  0  996. 
Mixed  and  distilled  with  six  times  its  weight  of  clay,  it  is  decomposed,  and  yields  a  golden 
yellow  arojnatic  oil,  which  has  a  flavor  analogous  to  that  of  a  mixture  of  thyme  and  rose- 
mary ;  along  with  a  small  quantity  of  acidulous  water  tinged  with  that  oil,  charcoal  re- 
mains in  the  retort.  In  the  air,  camphor  takes  fire  on  contact  of  an  ignited  body,  and 
burns  all  away  with  a  bright  fuliginous  flame. 

Camphor  is  little  soluble  in  water  ;  one  part  being  capable  of  communicating  smell  and 
taste  to  1000  of  the  fluid.  100  parts  of  alcohol,  spec.  grav.  0-806,  dissolve  120  parts  of 
camphor,  at  ordinary-  temperatures.  It  is  separated  in  a  pulverulent  state,  by  water.  Ether 
and  oils,  both  expressed  and  volatile,  also  dissolve  it. 

When  distilled  with  eight  parts  of  aquafortis,  camphor  is  converted  into  camphoric  acid. 
Camphor  absorbs  144  times  its  volume  of  muriatic  acid  ga's,  and  is  transformed  into  a  col- 
orless transparent  liquid,  which  becomes  solid  in  the  air,  because  the  acid  attracts  hu- 
midity, which  precipitates  the  camphor.  One  part  of  strong  acetic  acid  dissolves  two 
parts  of  camphor.  By  my  analysis,  camphor  consists  of  77-38  carbon,  11-14  hydrogen, 
and  11-48  oxygen.     Berzelius's  numbers  are  certainly  erroneous. 

CAMWOOD.  An  article  imported  from  Sierra  Leone,  which  seems  to  possess  similar 
dyeing  powers  with  Brazil  or  Nicaragua  wood. 

CANDLE.  (Chandelle,  Fr. ;  Kerze,  Licht,  Germ.)  I  shall  first  briefly  describe  the 
ordinary  manufacture  of  candles.  They  are  either  dipped  or  moulded.  But  the  first 
part  of  the  process  is  the  sorting  of  the  tallow.  Mutton  suet  with  a  proportion  of  ox- 
tallow  is  selected  for  mould  candles,  because  it  gives  them  gloss  and  consistence.  Coarser 
tallow  is  reserved  for  the  dipped  candles.  After  being  sorted,  it  is  cut  into  small  pieces, 
preparatory  to  being  melted  or  rendered ;  and  the  sooner  this  is  done  after  the  fat  is 
taken  from  the  carcass  the  better,  because  the  fibrous  and  fleshy  matters  mixed  with  it 
promote  its  putrefaction.  Tallow  is  too  commonly  melted  by  a  naked  fire  applied  to 
the  bottom  of  the  vessel,  whereas  it  should  be  done  either  in  a  cold  set  pan,  where  the 
flame  plays  only  round  the  sides  a  little  way  above  the  bottom,  or  in  a  steam-cased  pan. 
After  being  fused  a  considerable  time,  the  membraneous  matters  collect  at  the  surface, 
constituting  the  cracklings  used  sometimes  for  feeding  dogs,  after  the  fat  has  been 
squeezed  out  of  it  by  a  press.  The  liquid  tallow  is  strained  through  a  sieve  into  another 
copper,  where  it  is  treated  with  water  at  a  boiling  temperature  in  order  to  wash  it.  Af- 
ter a  while,  when  the  foul  water  has  settled  to  the  bottom,  the  purified  tallow  is  lifted  out, 
by  means  of  tinned  iron  buckets,  into  tubs  of  a  moderate  size,  where  it  concretes,  and  is 
ready  for  use. 

It  is  a  remarkable  circumstance,  that  the  wicks  for  the  best  candles  are  still  cotton 
rovings  imported  from  Turkey,  notwithstanding  the  vast  extension  and  perfection  of 
cotton-spinning  in  this  country.  Four  or  more  of  these  Turkey  skeins,  according  to  the 
intended  thickness  of  the  wick,  are  wound  off  at  once  into  bottoms  or  clews,  and  after- 
ward cut  by  a  simple  machine  into  lengths  corresponding  to  those  of  the  candles  to  be 
made.  Mr.  Colebank  obtained  a  patent,  in  June,  1822,  for  a  machine  for  cutting,  twist- 
ing, and  spreading  wicks,  which,  though  convenient,  does  not  seem  to  have  come  into 
general  use.  The  operations  are  performed  upon  a  series  of  threads  at  once.  The  ap- 
paratus is  placed  in  a  box,  in  front  of  which  the  operator  sits.  A  reel  extends  across 
the  box,  at  the  hinder  part,  upon  which  the  cotton  threads  have  been  previously  wound : 
from  this  reel  they  are  drawn  ofl'  in  proper  lengths,  doubled,  and  cut  by  an  ingenious  me- 
chanism. By  dipping  the  wicks  into  the  melted  tallow,  rubbing  them  between  the  palms 
of  the  hands,  and  allowing  the  tallow  which  adheres  to  harden,  they  may  be  arranged 
with  facility  upon  the  broaches  for  the  purpose  of  dipping.  The  dipping-room  is  fur- 
nished with  a  boiler  for  melting  the  tallow,  the  dipping-mould,  or  cistern,  and  a  large 
■wheel  for  supporting  the  broaches.  From  the  ceiling  of  the  workshop  a  long  balance- 
shaped  beam  is  suspended,  to  one  end  of  which  a  wooden  frame  is  attached  for  holding 
the  broaches  with  the  wicks  arranged  at  proper  distances.  The  opposite  arm  is  loaded 
with  a  weight  to  counterbalance  the  wooden  frame,  and  to  enable  the  workman  to  ascer- 
tain the  proper  size  of  the  candles.  The  end  of  the  lever  which  supports  the  frame  is 
placed  immediately  above  the  dipping-cistern ;  and  the  whole  machine  is  so  balanced  that, 
by  a  gentle  pressure  of  the  hand,  the  wicks  are  let  down  into  the  melted  tallow  as  often 
as  may  be  required. 

The  following  convenient  apparatus  for  dipping  candles  has  been  long  in  use  at  Edin- 
burgh. In  the  centre  of  the  dipping-room  a  strong  upright  post  a  a,  jig.  253,  is  erected, 
with  turning  ii-on  pivots  at  its  two  ends.  Near  its  middle,  six  mortises  are  cut  at  small 
distances  from  one  another,  into  each  of  which  is  inserted  a  long  bar  of  wood  b  b,  which 
moves  vertically  upon  an  iron  pin,  also  passing  through  the  middle  of  the  shaft.  The 
whole  presents  the  appearance  of  a  large  horizontal  wheel  with  twelve  arms.   A  complete 
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view  of  two  of  them  only  is  given  in  the  figure.     From  the  extremity  of  each  arm  is 
suspended  a  frame,  or  port,  as  the  workmen  call  it,  containing  6  rods,  on  each  of  which 

are  hung  18  wicks,  making  the  whole 
number  of  wicks  upon  the  wheel  1296. 
The  machine,  though  apparently  heavy, 
turns  round  by  the  smallest  effort 
of  the  workman ;  and  each  port,  as 
it  comes  in  succession  over  the  dip- 
ping-mould, is  gently  pressed  down- 
wards, by  which  means  the  wicks  are 
regularly  immersed  in  melted  tallow. 
As  the  arms  of  the  lever  are  all  of  the 
same  length,  and  as  each  is  loaded 
with  nearly  the  same  weight,  it  is 
obvious  that  they  will  all  naturally 
assume  a  horizontal  position.  In  or- 
der, however,  to  prevent  any  oscil- 
lation of  the  machine  in  turning 
round,  the  levers  are  kept  in  a  hori- 
zontal position  by  means  of  small 
chains  a  a,  one  end  of  which  is  fixed 
to  the  top  of  the  upright  shaft,  and 
the  other  terminates  in  a  small  square 
piece  of  wood,  b,  which  exactly  fills 
the  notch  c  in  the  lever.  As  one  end  of  the  levers  must  be  depressed  at  each  dip, 
the  square  piece  of  wood  is  thrown  out  of  the  notch  by  the  workman  pressing  down 
the  handle  d,  which  communicates  with  the  small  lever  e,  inserted  into  a  groove  in 
the  bar  b.  In  order  that  the  square  piece  of  wood,  fixed  in  one  extremity  of  the  chain, 
may  recover  its  position  upon  the  workman's  raising  the  port,  a  small  cord  is  attached 
to  it,  which  passes  over  a  pulley  inserted  in  a  groove  near  c,  and  communicates  with 
another  pulley  and  weight,  which  draws  it  forward  to  the  notch.  In  this  way  the 
operation  of  dipping  may  be  conducted  by  a  single  workman  with  perfect  ease  and 
regularity,  and  even  despatch.  No  time  is  lost,  and  no  unnecessary  labor  expended, 
in  removing  the  ports  after  each  dip ;  and,  besides,  the  process  of  cooling  is  much  ac- 
celerated by  the  candles  being  kept  in  constant  motion  through  the  air.  The  number  of 
revolutions  which  the  wheel  must  make,  in  order  to  complete  one  operation,  must  ob- 
viously depend  upon  the  state  of  the  weather  and  the  size  of  the  candles ;  but  it  is  said 
that,  in  moderately  cold  weather,  not  more  than  two  hours  are  necessary  for  a  single  per- 
son to  finish  one  wheel  of  candles  of  a  common  size.  Upon  the  supposition,  therefore, 
that  six  wheels  are  completed  in  one  day,  no  less  a  number  than  7776  candles  will  be 
manufactured  in  that  space  of  time  by  one  workman. 

I  shall  next  describe  the  process  of  mouldin?,  which,  if  possible,  is  even  less  com- 
plicated in  its  details  than  that  of  dipping.  The  moulds  are  made  of  some  metallic 
substance,  usually  pewter,  and  consist  of  two  parts.  The  shaft  or  great  body  of  the 
mould  is  a  hollow  cylinder,  finely  polished  in  the  inside,  and  open  at  both  extremities. 
The  top  of  the  mould  is  a  small  metallic  cup,  having  a  moulding  within-side,  and  a  hole 
to  admit  the  wick.  The  two  parts  are  soldered  together,  and  when  united,  as  will  rea- 
dily be  imagined,  have  the  shape  of  a  moulded  candle.  A  third  piece,  called  the  foot,  is 
sometimes  added  :  it  is  a  kind  of  small  funnel,  through  which  the  liquid  tallow  runs  into 
the  mould,  and,  being  screwed  to  the  opposite  extremity  of  the  shaft,  is  removeable  at 
pleasure.  This  additional  piece  may  certainly  be  useful  in  very  mild  weather,  since,  by 
removing  it,  the  candles  may  be  drawn  more  easily  from  the  moulds ;  but,  in  general,  it 
may  be  dispensed  with. 

Eight  or  twelve  of  these  moulds,  according  to  their  size,  are  fixed  in  a  frame,  which 
bears  a  great  resemblance  to  a  wooden  stool,  the  upper  surface  of  which  forms  a  kind  of 
trough.  The  top  of  the  moulds  points  downwards,  and  the  other  extremity,  which  is 
open,  is  inserted  into  the  bottom  trough  or  top  of  the  stool,  and  made  quite  level  with  its 
upper  surface.  In  order  to  introduce  the  wicks  into  the  mould,  the  workm.an  lays  the 
frame  upon  its  side  on  an  adjoining  table,  and  holding  in  his  left  hand  a  quantity  of  wicks, 
previously  cut  to  the  proper  length,  he  introduces  into  the  mould  a  long  wire  with  a 
hooked  point.  As  soon  as  the  hook  of  the  wire  appears  through  the  hole  in  the  top  of 
the  mould,  he  attaches  to  it  the  looped  end  of  the  wick,  and,  immediately  drawing  back 
the  wire,  carries  the  wick  along  with  it.  In  this  manner  each  mould  in  succession  is 
furnished  with  a  wick.  Another  workman  now  follows,  and  passes  a  small  wire  through 
the  loop  of  each  wick.  This  wire  is  obviously  intended  to  keep  the  wick  stretched,  and 
to  prevent  it  from  falling  back  into  the  mould  upon  the  frame  being  placed  in  the  proper 
position  for  fiDing.    The  frame  is  then  handed  to  the  person  that  fills  the  moulds,  who 
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previously  arranges  the  small  wires  in  such  a  manner  that  each  wick  may  be  exactly  in 
the  middle  of  the  mould. 

The  moulds  are  filled  by  running  tallow  into  each  of  them,  or  into  the  trough,  from  a 
cistern  furnished  with  a  cock,  and  which  is  regularly  supplied  with  tallow  of  the  proper 
temperature  from  an  adjoining  boiler.  When  the  workman  observes  that  the  moulds  are 
nearly  half  filled  he  turns  the  cock,  and,  laying  hold  of  that  portion  of  the  wick  which  hangs 
out  of  the  mould,  pulls  it  tight,  and  thus  prevents  any  curling  of  the  wick,  which  might 
injure  the  candles  :  he  then  opens  the  cock,  and  completes  the  process  of  filling.  The 
frame  is  now  set  aside  to  cool;  and  when  the  tallow  has  acquired  a  proper  consistence, 
which  the  workman  easily  discovers  by  a  snapping  noise  emitted  by  the  candles  upon 
pressing  his  thumb  against  the  bottom  of  the  moulds,  he  first  withdraws  the  small  wires 
which  kept  the  wicks  tense,  and  then,  scraping  oflf  the  loose  tallow  from  the  top  of  the 
frame  with  a  small  wooden  spade,  he  introduces  a  bodkin  into  the  loop  of  the  wick,  and 
thus  draws  each  candle  in  succession  from  its  mould.  The  candles  are  now  laid  upon  a 
fable  for  the  inspection  of  the  exciseman,  and  afterwards  removed  to  the  storehouse. 
Previous  to  storing  them  up,  some  candle-makers  bleach  their  candles,  by  exposing  them 
to  the  air  and  dews  for  several  days.  This  additional  labor  can  be  necessary  only  when 
the  dealer  is  obliged  to  have  early  sales ;  for  if  the  candles  are  kept  for  some  months,  as 
they  ought  to  be,  before  they  are  brought  to  market,  they  become  sufficiently  whitened 
by  age. 

Wax  candles. — Next  to  tallow,  the  substance  most  employed  in  the  manuiacture 
of  candles  is  wax.  Wax  candles  are  made  either  by  the  hand  or  with  a  ladle.  In  the 
former  case,  the  wax,  being  kept  soft  in  hot  water,  is  applied  bit  by  bit  to  the  wick, 
which  is  hung  from  a  hook  in  the  wall ;  in  the  latter,  the  wicks  are  hung  round  an  iron 
circle,  placed  immediately  over  a  large  copper-tinned  basin  full  of  melted  wax,  which  is 
poured  upon  theii"  tops,  one  after  another,  by  means  of  a  large  ladle.  When  the  candles 
have  by  either  piocess  acquired  the  proper  size,  they  are  taken  from  the  hooks,  and 
rolled  upon  a  table,  usually  of  walnut-tree,  with  a  long  square  instrument  of  box,  smooth 
at  the  bottom. 

A  few  years  a?o  I  made  a  set  of  experiments  upon  the  relative  intensities  of  light,  and 
durntion  of  diHerent  candles,  the  results  of  which  are  contained  in  the  following 
table. 
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A  Scotch  mutchkin,  or  |  of  a  gallon  of  good  seal  oil,  weighs  6010  gr.,  or  13J_  oz., 
avoirdupois,  and  lasts  in  a  bright  Argand  lamp  11  hours  44  minutes.  The  weight  of 
oil  it  consumes  per  hour  is  equal  to  4  times  the  weight  of  tallow  in  candles  8  to  the 
pound,  and  1  the  weight  of  tallow  in  candles  6  to  the  pound.  But,  its  light  being  equal 
to  that  of  5  of  the  latter  candles,  it  appears  from  the  above  table  that  2  pounds  weight  of 
oil,  value  9d.  in  an  Argand,  are  equivalent  in  illuminating  power  to  3  pounds  of  tallow 
candies,  which  cost  about  two  shillings.  The  larger  the  flame  in  the  above  candles  the 
greater  the  economy  of  light. 

In  June,  1825,  M.  Gay  Lussac  obtained  a  patent  in  England  for  making  candles  from 
margaric  and  stearic  acids,  improperly  called  siearive,h\  converting  tallow  into  the  above 
fat  acids  by  the  following  process  : — Tallow  consists,  by  Chevreul's  researches,  of  stearine, 
a  solid  fat,  and  elaine,  a  liquid  fat;  the  former  being  in  much  the  larger  proportion. 
When  tallow  is  treated  with  an  alkaline  body,  such  as  potash,  soda,  or  lime,  it  is  saponified  ; 
that  is,  its  stearine  and  elaine  become  respectively  stearic  and  elaic  acids,  and,  as  such, 
form  compounds  with  these  bases.  When  by  the  action  of  an  acid,  such  as  the  sulphuric 
or  muriatic,  these  combinations  are  decomposed,  the  fats  reappear  in  the  altered  form  of 
stearic  and  elaic  acids;  the  former  body  being  harder  than  tallow,  and  of  a  texture 
somewhat  like  spermaceti,  the  latter  body  being  fluid,  like  oil.  "  The  decomposition  of  the 
soap  should  be  made,"  says  the  patentee,  "in  a  large  quantity  of  water,  kept  well  stirred 
during  the  operation,  and  warmed  by  steam  introduced  in  any  convenient  way.  When 
the  mixture  has  been  allowed  to  stand,  the  acid  of  the  tallow  or  fat  will  rise  to  the 
surface,  and  the  water  being  drawn  oflT  will  carry  the  alkaline  or  saline  matters  with  it ; 
but  if  the  acids  of  the  tallow  should  retain  any  portion  of  the  salts,  fresh  water  may  be 
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thrown  upon  it,  and  the  whole  well  agitated,  until  the  acids  have  become  perfectly  free 
from  the  alkaline  matters  ;  and,  when  allowed  to  cool,  the  acids  will  be  formed  into  a  solid 
mass.  This  mass  is  now  to  be  submitted  to  considerable  pressure  in  such  an  apparatus 
as  is  employed  in  expressing  oil  from  seeds ;  when  the  liquid  acid  will  run  off  in  the  form 
of  a  substance  resembling  oil,  leaving  a  solid  matter,  similar,  in  every  respect,  to  sperma- 
ceti, which  is  fit  for  making  candles. 

The  wick  to  be  used  in  the  manufacture  of  these  improved  candles,  and  which  forms 
one  of  the  features  of  this  invention,  is  to  be  made  of  cotton  yarn,  twisted  rather  hard, 
and  laid  in  the  same  manner  as  wire  is  sometimes  coiled  round  the  bass  strings  of  musi- 
cal instruments.  For  this  purpose,  straight  rods  or  wires  are  to  be  procured,  of  suitable 
lengths  and  diameters,  according  to  tlie  intended  size  of  the  candles  about  to  be  made ; 
and  these  wires,  having  been  covered  with  cotton  coiled  round  them  as  described,  are  to 
be  inserted  in  the  candle-moulds  as  the  common  wicks  are  ;  and  when  the  candle  is  made, 
and  perfectly  hard,  the  wire  is  to  be  withdrawn,  leaving  a  hollow  cylindrical  aperture 
entirely  through  the  middle  of  the  candle.     See  Stkarine. 

CANE-MILL.     See  Mill  and  Sugar. 

CANNON.     For  the  composition  of  these  implements  of  destruction,  see  Bronze. 

CANVASS.  (Canevas,  Fr. ;  Segeltuch,  Germ.)  It  has  been  found  that  sails  of  ships 
made  with  the  selvages  and  seams  of  the  canvass  running  down  parallel  to  their  edges, 
are  very  apt  to  bag,  and  become  torn  in  the  middle,  from  the  strain  to  which  they  are  sub- 
jected by  the  pressure  of  the  wind.  To  obviate  this  inconvenience,  a  mode  of  making 
sails,  with  the  seams  and  selvages  running  diagonally,  was  proposed  by  Admiral  Brooking, 
and  a  patent  granted  to  him  for  the  same  on  the  4th  of  September,  1828.  The  invention 
of  Messrs.  Ramsay  and  Orr,  which  we  are  about  to  describe,  has  a  similar  object,  viz., 
that  of  giving  additional  strength  to  sails  by  a  peculiar  manner  of  weaving  the  canvass 
of  which  they  are  made. 

The  improvement  proposed  under  their  patent  of  March,  1830,  consists  in  weaving  the 
canvass  with  diagonal  threads;  that  is,  placing  the  weft  yarn,  or  shoot,  in  weaving,  at  an 
oblique  angle  to  the  warp  yarns,  instead  of  making  the  decussation  of  the  warp,  or  weft 
threads,  or  yarns,  at  right  angles  to  each  other,  as  in  the  ordinary  mode  of  weaving. 

To  accomplish  this  object,  the  loom  must  be  peculiarly  constructed;  that  is,  its  warp 
and  work  beams  m.ust  stand  at  an  oblique  angle  with  the  sides  of  the  loom,  and  the  batten 
and  slay  must  be  hung  in  a  peculiar  manner,  in  order  to  beat  up  the  weft,  or  shoot,  in 
lines  ranging  diagonally  with  the  warp.  No  drawing  is  shown  of  the  method  by  which 
this  arrangement  of  the  loom  is  to  be  made,  but  it  is  presumed  that  any  weaver  would 
know  how  to  accomplish  it :  the  invention  consisting  solely  in  producing  sail-cloth  with 
the  threads  or  yarns  of  the  weft  ranging  diagonally  at  any  desired  angle  with  the  direc- 
tion of  the  warp  thread. 

CAOUTCHOUC,  GUM-ELASTIC,  or  INDIAN-RUBBER  (Federharz,  Germ.),  oc- 
curs as  a  milky  juice  in  several  plants,  such  as  the  siphoniu  cahuca,  called  also  hevca  gui- 
anensis,  cauischuc,  jatropha  elaslica,  caslilleja  elaslica,  cecropia  pellata,  ficus  religiosa 
and  undica,  urceolaria  elaslica,  &c.  It  is,  however,  extracted  chiefly  from  the  first  plant, 
which  grows  in  South  America  and  Java.  The  tree  has  incisions  made  into  it  through 
the  bark  in  many  places,  and  it  discharges  the  milky  juice,  which  is  spread  upon  clay 
moidds,  and  dried  in  the  sun,  or  with  the  smoke  of  a  fire,  which  blackens  it. 

The  juice  itself  has  been  of  late  years  imported.  It  is  of  a  pale  yellow  color,  and  has 
the  consistence  of  cream.  It  becomes  covered,  in  the  bottles  containing  it,  with  a  pellicle 
of  concrete  caoutchouc.  Its  spec.  grav.  is  1-012.  When  it  is  dried,  it  loses  55  per  cent, 
of  its  weight :  the  residuary  45  is  elastic  gum.  When  the  juice  is  heated,  it  immediately 
coagulates,  in  virtue  of  its  albumen,  and  the  elastic  gum  rises  to  the  surface.  It  mixes 
with  water  in  any  proportion ;  and,  when  thus  diluted,  it  coagulates  with  heat  and  alco- 
hol as  before. 

The  specific  gravity  of  caoutchouc  is  0-925,  and  it  is  not  permanently  increased  by 
any  degree  of  pressure.  By  cold  or  long  quiescence,  it  becomes  hard  and  stifl'.  When 
the  milky  juice  has  become  once  coherent,  no  means  hitherto  known  can  restore  it  to 
the  emulsive  state.  By  long  boiling  in  water  it  softens,  swells,  and  becomes  more 
readily  soluble  in  its  peculiar  menstrua  ;  but  when  exposed  to  the  air,  it  speedily  resumes 
its  pristine  consistence  and  volume.  It  is  quite  insoluble  in  alcohol ;  but  in  ether,  de- 
prived of  alcohol  by  washing  with  water,  it  readily  dissolves,  and  aflbrds  a  colorless 
solut'on.  When  the  ether  is  evaporated,  the  caoutchouc  becomes  again  solid,  but  is 
somewhat  clammy  for  a  while.  When  treated  with  hot  naphtha,  distilled  from  native 
petroleum,  or  from  coal  tar,  it  swells  to  30  times  its  former  bulk ;  and  if  then  triturated 
with  a  pestle,  and  pressed  through  a  sieve,  it  affords  a  homogeneous  varnish,  which  being 
applied  by  a  flat  edge  of  metal  or  wood  to  cloth,  prepares  it  for  forming  the  patent 
water-proof  cloth  of  Mackintosh.  Two  surfaces  of  cloth,  to  which  several  coats  of  the 
above  varnish  have  been  applied,  are,  when  partially  dried,  brought  evenly  in  contact,  and 
then  passed  between  rollers,  in  order  to  condense  and  smooth  them  together.     This  double 


256 


CAOUTCHOUC. 


cloth  is  afterwards  suspended  in  a  stove-room  to  dry,  and  to  discharge  the  disagreeable 
odor  of  the  naptha. 

Caoutchouc  dissolves  in  the  fixed  oils,  such  as  linseed  oil,  but  the  varnish  has  not  the 
property  of  becoming  concrete  upon  exposure  to  air. 

It  has  been  lately  asserted  that  caoutchouc  is  soluble  in  the  oils  of  lavender  and  sas- 
safras. 

It  melts  at  248°  F.,  and  stands  afterwards  a  much  higher  heat  without  undergoing 
any  further  change.  When  the  melted  caoutchouc  is  exposed  to  the  air,  it  becomes  hard 
on  the  surface  in  the  course  of  a  year.  When  kindled  it  burns  with  a  bright  flame  and 
a  great  deal  of  smoke. 

Neither  chlorine,  sulphurous  acid  gas,  muriatic  acid  gas,  ammonia,  nor  fluosilicic  acid 
gas  aflects  it,  whence  it  forms  very  valuable  flexible  tubes  for  pneumatic  chemistry.  Cold 
sulphuric  acid  does  not  readily  decompose  it,  nor  does  nitric  acid,  unless  it  be  somewhat 
strong.     The  strongest  caustic  potash  ley  does  not  dissolve  it  even  at  a  boiling  heat. 

Caoutchouc,  according  to  my  experiments,  which  have  been  confirmed  by  those  of  Mr. 
Faraday,  contains  no  oxygen,  as  almost  all  other  solid  vegetable  products  do,  but  is  a 
mere  compound  of  carbon  and  hydrogen,  in  the  proportion,  by  my  results,  of  90  carbon  to 
10  hydrogen,  being  three  atoms  of  the  former  to  two  of  the  latter.  Mr.  Faraday  ob- 
tained only  87-2  carbon,  from  which  I  would  infer  that  some  of  the  carbon,  which  in  this 
substance  is  difficult  to  acidify  by  peroxyde  of  copper,  had  escaped  its  action.  It  is  ob- 
vious that  too  little  carbonic  acid  gas  may  be  obtained,  but  certainly  not  more  than  cor- 
responds to  the  carbon  in  the  body.  No  carbon  can  be  created  in  the  process  of  ultimate 
analysis  by  pure  peroxyde  of  copper  such  as  I  employed ;  and  I  repeated  the  ignition 
after  attrition  of  the  mixture  used  in  the  experiment.  Melted  caoutchouc  forms  a 
very  excellent  chemical  lute,  as  it  adheres  very  readily  to  glass  vessels,  and  withstands 
the  corrosive  action  of  acid  vapors.  This  substance  is  much  used  for  effacing  the  traces 
of  plumbago  pencils,  whence  it  derived  the  name  of  Indian-rubber.  It  has  been  lately 
employed  very  extensively  for  making  elastic  bands  or  braces.  The  caoutchouc  bottles 
are  skilfully  cut  into  long  spiral  slips,  which  are  stretched,  and  kept  extended  till  nearly 
deprived  of  their  elasticity,  and  till  they  form  a  thread  of  moderate  fineness.  This  tluead 
is  put  into  a  braid  machine,  and  covered  with  a  sheath  of  cotton,  silk,  linen,  or  worsted. 
The  clothed  caoutchouc  is  then  laid  as  warp  in  a  loom,  and  woven  into  an  elegant  riband. 
When  woven,  it  is  exposed  upon  a  table  to  the  action  of  a  hot  smoothing  iron,  which  re- 
storing to  the  caoutchouc  all  its  primitive  elasticity,  the  riband  retracts  considerably  in 
length,  and  the  braiding  corrugates  equally  upon  the  caoutchouc  cores.  Such  bands  pos- 
sess a  remarkable  elasticity,  combined  with  any  desired  degree  of  softness.  Sometimes 
cloth  is  made  of  these  braided  strands  of  caoutchouc  used  both  as  warp  and  as  weft,  which 
is  therefore  elastic  in  all  directions.  When  a  light  fabric  is  required,  the  strands  of  caout- 
fhouc,  either  naked  or  braided,  are  alternated  with  common  warp  yarns.  For  this  mixed 
fabric  a  patent  has  been  obtained.  The  original  manufacturer  of  these  elastic  webs  is  a 
major  in  the  Austrian  service,  who  has  erected  a  great  factory  for  them  at  St.  Denys, 
near  Paris.     See  Elastic  Bands. 

Mr.  William  Henry  Barnard,  in  the  course  of  some  experiments  upon  the  impregnation 
of  ropes  with  caoutchouc,  at  the  factory  of  Messrs.  Enderby,  at  Greenwich,  discovered  that 

when  this  substance  was  exposed  to 
((OoOir'  ^  heat  of  about  600°  F.  it  resolved 

1\^^/(t  itself   into     a    vapor,    which,     by 

proper  refrigeratory  methods,  was 
condensable  into  a  liquid  possessing 
very  remarkable  properties,  to 
which  the  name  caoutchoucine  has 
been  given.  For  this  invention 
"of  a  solvent  not  hitherto  used  in 
the  arts"  Mr.  Barnard  obtained  a 
patent,  in  August,  1833.  His 
process  for  preparing  it  is  described 
in  his  specification  as  follows : — I 
take  a  mass  of  the'said  caoutchouc, 
or  Indian  rubber,  as  imported,  and 
having  cut  it  into  small  lumps, 
containing  about  two  cubic  inches 
each  (which  I  prefer),  I  throw  these 
lumps  into  a  cast-iron  still  (which 
I  find  adapted  for  the  purpose,  and 
a  diagram  of  which  is  annexed  to, 
and  forms  part  of,  this  my  specifi- 
cation), with  a  worm  attached;  Jig.  254,  a  is  the  still,  b  the  cover  ground  to  a  metallic 
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fit,  to  admit  of  a  thermometer  to  take  the  temperature ;  c  the  fire-place,  d  the  asli-pit, 
E  the  worm-tub  and  worm,  f  the  brick-work  of  the  still,  g  a  roller  and  carriage,  in 
conjunction  with  a  crane,  or  other  means,  to  raise  the  cover  to  take  out  the  residue,  and 
to  charse  the  same  ;  h  the  chain. 

I  then  apply  heat  to  the  still  in  the  usual  manner,  which  heat  is  increased  until  tin 
thermometer  ranges  at  600  degrees  of  Fahrenheit,  or  thereabouts.  And  as  the  ther- 
mometer ranges  progressively  upwards  to  600  degrees  of  Fahrenheit,  a  dark-colored  oil 
or  liquid  is  distilled  over,  which  I  claim  as  my  said  invention,  such  liquid  being  a 
solvent  of  caoutchouc,  and  other  resinous  and  oleaginous  substances.  When  the  ther- 
mometer reaches  600  degrees,  or  thereabouts,  nothing  is  left  in  the  still  but  dirt  and 
charcoal. 

I  have  found  the  operation  of  distillation  to  be  facilitated  by  the  addition  of  a  portion 
of  this  oil,  either  previous  or  subsequent  to  rectification,  as  hereinafter  mentioned,  in  the 
proportion  of  one  third  of  oil  to  two  thirds  of  caoutchouc. 

I  afterwards  subject  the  dark-colored  liquid  thus  distilled  to  the  ordinary  process  of 
rectification,  and  thereby  obtain  fluids  varying  in  specific  gravity,  of  which  the  lightest 
hitherto  has  not  been  under  670,  taking  distilled  water  at  1000,  which  fluids  I  also  claim 
as  my  said  invention. 

At  each  rectification  the  color  of  the  liquid  becomes  more  bright  and  transparent,  untU, 
at  the  specific  gravity  of  680,  or  thereabouts,  it  is  colorless  and  hishly  volatile. 

In  the  process  of  rectification  (for  the  purpose  of  obtaining  a  larger  product  of  the  oil 
colorless)  I  put  about  one  third  of  water  into  the  still.  In  each  and  every  state  the 
liquid  is  a  solvent  of  caoutchouc,  and  several  resinous  and  oleaginous  substances,  and 
also  of  other  substances  (such  as  copal),  in  combination  with  very  strong  alcohol. 

Having  experienced  much  difficulty  in  removing  the  dirt  which  adheres  to  the  bottom 
of  the  still,  I  throw  into  the  still  lead  and  tin  in  a  state  of  alloy  (commonly  called  solder), 
to  the  depth  of  about  half  an  inch,  and,  as  this  becomes  fused,  the  dirt  which  lies  on  the 
surface  of  it  is  more  easily  removed. 

Objections  have  been  made  to  the  smell  of  this  liquid  :  I  have  found  such  smell  re- 
moved by  mixing  and  shaking  up  the  liquid  with  nitro-muriatic  acid,  or  chlorine,  in  the 
proportion  of  a  quarter  of  a  pint  of  the  acid  (of  the  usual  commercial  strength)  to  a 
gallon  of  the  liquid. 

The  discovery  of  the  chemical  solvent,  which  forrp^  the  subject  of  the  patent  above 
described,  has  excited  considerable  interest  in  the  philosophic  world,  not  only  from  its 
probable  usefulness  as  a  new  article  of  commerce,  but  also  from  two  very  extraordinary 
characteristics  which  it  is  found  to  possess,  viz.,  that,  in  a  liquid  state,  it  has  less  specific 
gravity  than  any  other  liquid  known  to  chemists,  being  considerably  lighter  than  sul- 
phuric ether,  and,  in  a  state  of  vapor,  is  heavier  than  the  most  ponderous  of  the  gases. 

Its  elementary  constituents  are. 

Carbon    -----     6*812        -        -        -     8  proportions. 
Hydrogen         -         -         .        .     l-OOO         -        -        -     7  ditto. 

This  new  material  (when  mixed  with  alcohol)  is  a  solvent  of  all  the  resins,  and  particu- 
larly of  copal,  which  it  dissolves,  without  artificial  heat,  at  the  ordinary  temperature  of 
the  atmosphere ;  a  property  possesi>ed  by  no  other  solvent  known  ;  and  hence  it  is  pecu- 
liarly useful  for  making  varnishes  in  general.  It  also  mixes  readily  with  oils,  and  will 
be  found  to  be  a  valuable  and  cheap  menstruum  for  liquefying  oil-paints  ;  and,  without  in 
the  slightest  degree  affecting  the  most  delicate  colors,  will,  from  its  ready  evaporation, 
cause  the  paint  to  dry  almost  instantly. 

Cocoa-nut  oil,  at  the  common  temperature  of  the  atmosphere,  always  assumes  a  con- 
crete form ;  but  a  portion  of  this  caoutchoucine  mixed  with  it  will  cause  the  oil  to  become 
fluid,  and  to  retain  sufficient  fluidity  to  burn  in  a  common  lamp  with  extraordinary 
brilliancy. 

Caoutchoucine  is  extremely  volatile  ;  and  yet  its  vapor  is  so  exceedingly  heavy,  that 
it  may  be  poured,  without  the  liquor,  from  one  vessel  into  another  like  water. 

CAPERS.  The  caper  is  a  small  prickly  shrub,  cultivated  in  Spain,  Italy,  and  the 
southern  provinces  of  France.  The  flowers  are  large  roses  of  a  pretty  appearance,  but 
the  flower-buds  alone  are  the  objects  of  this  cultivation. 

They  are  plucked  before  they  open,  and  thrown  into  strong  vinegar  slightly  salted, 
where  they  are  pickled.  The  crop  of  each  day  is  added  to  the  same  vinegar  tub,  so  that, 
in  the  course  of  the  six  months  during  which  the  caper  shrub  flowers,  the  vessel  gets 
filled,  and  is  sold  to  persons  who  sort  the  capers  (the  smallest  being  most  valued)  by 
means  of  copper  sieves.  This  metal  is  attacked  by  the  acid,  wherefrom  the  fruit  acquires 
a  green  color,  much  admired  by  ignorant  connoisseurs. 

The  capers,  as  found  in  the  French  market,  are  distinguished  into  five  sorts ;  the  non- 
pareille,  the  capucine,  the  capote,  the  second,  and  the  third ;  this  being  the  decreasing 
order  of  their  quality,  which  depends  upon  the  strength  of  the  vinegar  used  in  pickling 
them,  as  also  the  size  and  color  of  the  buds. 
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The  caper  shrub  grows  in  the  driest  situations,  even  upon  walls,  and  does  not  disda.n 
any  soil;  but  it  loves  a  hot  and  sheltered  exposure.  It  is  multiplied  by  grafts  made  in 
autumn,  as  also  by  slips  of  the  roots  taken  off  in  spring. 

CAPSTAN.  (Cabe-itan,  Fr. ;  Spille,  Germ.)  A  machine  whereon  the  cable  is  wound 
successively  in  weighing  the  anchor  of  a  vessel.  It  is  a  species  of  wheel  and  axle ;  the 
axle  being  vertical,  and  pierced  with  holes  near  its  top  for  the  insertion  of  the  ends  of 
horizontal  levers,  called  handspikes,  which  represent  the  wheel.  These  are  turned  by 
the  force  of  men  moving  in  a  circle.  The  power  applied  to  the  lever  is  to  the  resistance 
to  be  overcome  (the  weight  of  the  anchor,  for  example),  when  the  forces  are  in  equilibrio, 
as  the  radius  of  the  cylinder  round  which  the  cable  is  coiled  is  to  the  circumference  de- 
scribed by  the  power. 

It  is  manifest  that  the  radius  of  the  axle  must  be  augmented  in  this  computation  by 
half  the  diameter  of  the  cable,  which  is  supposed  to  lie  always  one  coil  thick  upon  it. 
The  force  of  a  man,  thus  applied,  has  been  commonly  estimated  as  equal  to  the  traction 
of  27  pounds  hanging  over  a  pulley. 

Friction  being  so  variable  a  quantity  in  capstans,  renders  the  exact  calculation  of  its 
mechanical  effect  somewhat  uncertain. 

A  stout  man,  stationed  near  the  bottom  of  the  axle,  holds  fast  the  loose  part  of  the 
cable,  which  has  already  made  two  or  three  turns ;  and,  being  aided  by  its  friction  upon 
the  wood,  he  both  prevents  it  from  slipping  backwards,  and  uncoils  each  turn  as  it  is  pro- 
gressively made. 

Mr.  Hindmarsh,  master  mariner  of  Newcastle,  obtained  a  patent,  in  February,  1827, 
for  a  contrivance  to  enable  a  capstan  or  windlass  to  be  occasionally  worked  with  increased 
mechanical  advantage.  With  this  view,  he  placed  toothed  wheel-work,  partly  in  the 
drum-head  of  the  capstan,  and  partly  in  the  upper  part  of  the  barrel,  upon  which  the 
cable  is  coiled  and  uncoiled  in  successive  portions. 

The  drum-head,  and  also  the  barrel,  turn  loosely  upon  a  central  spindle,  independent 
of  each  other,  and  are  connected  together  either  by  the  toothed  gear,  or  by  bolts.  On 
raising  or  withdrawing  the  connecting  pinion  from  the  toothed  wheels,  and  then  locking 
the  drum-head  and  barrel  together,  the  capstan  works  with  a  power  er^ual  only  to  that 
exerted  by  the  men  at  the  capstan-bars,  as  an  ordinary  capstan;  but  on  lowering  the 
pinion  into  gear  with  the  wheel-work,  and  withdrawing  the  bolts  which  locked  the  drum- 
head to  the  barrel,  the  power  exerted  by  the  men  becomes  increased  in  proportion  to  the 
diameter  and  numbers  of  teeth  in  the  wheels  and  pinions. 

Fig.  255  is  the  external  appearance  of  this  capstan.  Fig.  256  a  horizontal  view  of  the 
toothed  gear  at  the  top  of  the  barrel.     The  barrel,  with  the  whelps  a  a,  turns  loosely 

upon  a  vertical  spindle  fixed 
into  the  deck  of  the  vessel. 
The  drum-head  b  also  turns 
loosely  upon  the  same  spindle. 
The  circular  frame  c  c,  in  fig. 
256,  in  which  the  axes  of  the 
toothed  wheels  d  d  d  are 
mounted,  is  fixed  to  the  cen- 
tral spindle.  The  rim  e  e  e, 
with  internal  teeth,  is  made 
fast  to  the  top  of  the  barrel ; 
and  the  pinion/,  which  slides 
upon  the  spindle,  is  connected 
to  the  drum-head. 

When  it  is  intended  to 
work  the  capstan  with  oi'di- 
nary  power,  the  pinion  /  is 
raised  up  into  the  recess  of 
the  drum-head,  by  means  of 
a  screw  g,  fig.  255,  which 
throws  it  out  of  gear  with  the 
toothed  wheels,  and  it  is  then 
locked  up  by  a  pin  ~:  the 
bolts  h  h  are  now  introduced,  for  the  pui'pose  of  fastening  the  drum-head  and  barrel  to- 
gether, when  it  becomes  an  ordinary  capstan. 

But  when  it  is  required  tliat  the  same  number  of  men  shall  exert  a  greater  power,  the 
bolts  h  are  withdrawn,  and  the  pinion  /  lowered  into  gpar  with  the  toothed  wheels. 
The  rotation  of  the  drum-head,  then  carrying  the  pinion  round,  causes  it  to  drive  the 
toothed  wheels  d  d  d ;  and  these  working  into  the  toothed  rim  e  e,  attached  to  the  barrel, 
cause  the  barrel  to  revolve  with  an  increased  power. 
Thus,  under  particular  circumstances,  a  smaller  number  of  men  at  the  capstan  or 
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"OTndlass  (which  is  to  be  constructed  upon  the  same  principle)  will  be  enabled  to  haul 
in  the  cable  and  anchor,  or  warp  off  the  vessel,  which  is  an  important  object  to  be 
effected. 

In  1819,  Captain  Phillips  obtained  a  patent  for  certain  improvements  in  capstans,  a 
part  of  which  invention  is  precisely  the  same  as  this  in  principle,  though  slightly  varied 
m  its  adaptation. 

James  Brown,  ship-rigger,  in  his  capstan,  patented  in  1833,  instead  of  applying  the 
moving  power  by  handspikes,  having  fixed  two  rims  of  teeth  round  the  top  of  the  cap- 
stan, acts  upon  them  by  a  rotatory  worm,  or  pinions  turned  by  a  winch. 

Fig.  257  is  an  elevation  of  this  capstan,  and  fig.  258  is  a  horizontal  top  view :  a  is  an 
upright  shaft,  fixed  firmly  to  the  deck,  serving  as  an  axle  round  which  the  body  of  the 
capstan  revolves.  A  frame  c,  fixed  to  the  top  of  a  stationary  shaft  a,  above  the  body  of 
the  capstan,  carries  the  driving  apparatus. 

The  upper  part  of  the  body  of  the  capstan  has  a  ring  of  oblique  teeth  d  formed  round 
its  edge;  and  above  this,  on  the  top  of  the  capstan,  is  a  ring  of  bevel  teeth  e.  A  hori- 
zontal shaft _/,  mounted  in  the  top  frame  c,  has  a  worm  or  endless  screw,  which  takes  into 
the  teeth  of  the  ring  d ;  and  a  short  axle  g,  having  its  bearings  in  the  central  shaft  a, 
and  in  the  frame  c,  carries  a  bevel  pinion,  which  takes  into  the  bevel  teeth  of  the  ring  e. 

The  bearings  of  the  shaft  /,  in  the  top  frame,  are  in  long  slots,  with  angular  returns, 
something  like  the  fastening  of  a  bayonet,  which  is  for  the  purpose  of  enabling  the  shaft 
to  be  readily  lifted  in  and  out  of  gear  with  the  teeth  of  the  ring  d  :  the  outer  bearing  of 
the  axle  g  of  the  bevel  pinion  is  also  supported  in  the  frame  c,  in  a  similar  way,  in  order 
to  put  it  in  and  out  of  gear  with  the  teeth  of  the  bevel  ring  e.  A  mode  of  shifting  these 
is  essential ;  because  the  two  toothed  rings,  and  their  driving  worm  and  pinion,  give 
different  speeds,  and,  of  course,  cannot  be  both  in  operation  at  the  same  time. 

The  worm  of  the  shaft  /,  being  placed  in  gear  with  the  teeth  of  the  ring  d,  on  apply- 
ing rotatory  power  thereto,  by  means  of  winches  attached  to  the  ends  of  the  shaft,  the 
barrel  or  body  of  the  capstan  will  be  made  to  revolve  with  a  slow  motion,  but  with  great 
power ;  and  thus  two  men  at  the  winches  will  do  the  same  work  as  many  men  with  cap- 
stan bars  in  the  ordinary  way. 

If  a  quicker  movement  than  that  of  the  endless  screw  is  desired,  then  the  driving  power 
may  be  applied  by  a  winch  to  the  axle  g  of  the  bevel  pinion,  that  pinion  being  put  into 
gear  with  the  bevel  ring  e,  and  the  endless  screw  withdrawn.  It  should,  however,  be 
here  remarked,  that  the  patentee  proposes  to  employ  two  short  axles  g,  placed  opposite 
to  each  other,  with  bevel  pinions  acting  in  the  bevel-toothed  ring,  though  only  one  is 
shown  in  the  figure,  to  avoid  confusion.  He  also  contemplates  a  modification  of  the 
same  contrivance,  in  which  four  short  axles  g,  placed  at  right  angles,  with  pinions 
taking  into  a  bevel  ring,  may  be  employed,  and  made  effective  in  giving  rotatory  motion 
to  tlie  barrel  of  a  capstan  by  means  of  winches  applied  to  the  outer  ends  of  the  axle,  and 
turned  by  the  labor  of  four  men. 

CARAT,  OR  CARACT,  is  a  weight  used  by  goldsmiths  and  jewellers.  See  Assay 
and  Diamond. 

CARBON  (Carbone,  Fr. ;  Kohlemfoff,  Germ.),  in  a  perfectly  pure  state,  constitutes 
diamond.  Carbonaceous  substances  are  usually  more  or  less  compound,  containing  hydro- 
sen,  or  sometimes  oxygen,  and  azote,  along  with  earthy  and  metallic  matters.  Carbon, 
tolerably  pure,  abounds  in  the  mineral  kingdom;  and,  in  a  combined  state,  it  forms  a 
main  constituent  of  vegetable  and  animal  bodies.  Anthracite  is  a  mineral  charcoal, 
differing  from  common  pit-coal  in  containing  no  bitumen,  and  therefore  burning  with- 
out flame  or  smoke.  Coke  is  the  carbonaceous  mass  which  remains  after  pit-coal  has 
been  exposed  to  ignition  for  some  time  out  of  contact  of  air ;  its  volatile  parts  having 
been  dissipated  by  the  heat.  It  is  a  spongy  substance,  of  an  iron-black  color,  a  some- 
what metallic  lustre,  and  does  not  easily  burn  unless  several  pieces  are  kindled  together. 
Witli  a  good  draught,  however,  it  produces  a  most  intense  heat.  Wood  charcoal  is  ob- 
tained by  the  calcination  of  wood  in  close  vessels,  as  described  under  the  article  Acetic 
Acid,  or  in  piles  of  various  shapes,  covered  with  loam,  to  screen  it  from  the  free  action 
of  the  atmosphere,  which  would  otherwise  consume  it  entirely.  See  Charcoal.  Such 
carbon  is  a  solid,  without  smell  or  taste,  and  bears  the  strongest  heats  of  our  furnaces 
without  suffering  any  change,  provided  air  be  excluded  :  it  is  a  bad  conductor  of  heat, 
but  conducts  electricity  very  well.  When  burned,  it  unites  with  oxygen,  and  forms  car- 
bonic acid,  the  fixed  air  of  Dr,  Black,  the  choke-damp  of  the  miner.  When  this  car- 
bonic acid  is  made  to  traverse  red  hot  charcoal  it  dissolves  a  portion  of  it,  and  becomes 
carbonic  oxyde,  which  contains  only  one  half  of  its  volume  of  oxygen ;  whereas  car- 
bonic acid  consists  of  one  volume  of  oxygen  combined  with  one  volume  of  the  vapor 
of  carbon,  the  two  being  condensed  into  one  volume.  If  the  specific  gravity  of  oxygen, 
=  11025,  be  deducted  from  that  of  carbonic  acid,  =  1-5245,  the  difference,  =  0-422, 
will  be  the  specific  gravity  of  the  vapor  of  carbon ;  as  well  as  the  proportion  present  in 
that  weight  of  the  acid. 
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Charcoal  obtained  by  the  action  of  a  rapid  fire  in  close  vessels  is  not  so  solid  anu  so 
good  a  fuel  as  that  which  is  made  in  the  ancient  way  by  the  slow  calcination  of  pyramidal 
piles  covered  with  earth.  One  of  the  most  economical  ovens  for  making  wood  charcoal 
is  that  invented  by  M.  Foucauld,  which  he  calls  a  shroud,  or  abri.  To  construct  one  of 
these,  30  feet  in  diameter  at  the  base,  10  feet  at  its  summit,  and  from  8  to  9  feet  high,  he 
forms,  with  wood  2  inches  square,  a  frame  12  feet  long,  3  feet  broad  at  one  end,  and  one 
foot  at  the  other.  The  figure  will  explain  the  construction.  The  uprights,  A  B  and 
C  D,  of  this  frame  are  furnished  with  three  wooden  handles  a  a  a,  and  a'  a  a',  by  means 
of  which  they  can  be  joined  together,  by  passing  through  two  contiguous  handles  a 
wooden  fork,  the  frame  being  previously  provided  with  props,  as  shown  in  fig.  259,  and 
covered  with  loam  mixed  with  grass.  A  flat  cover  of  10  feet  diameter,  made  of  planks 
well  joined,  and  secured  by  four  cross  bars,  is  mounted  with  two  trap  doors,  M  N,fig. 
2filj  for  giving  egress  to  the  smoke  at  the  commencement  of  the  operation;  a  triangular 
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hole  P,  cut  out  in  the  cover,  receives  the  end  of  a  conduit  Q  R  S,  (^figs.  262  and  261,) 
of  wood  formed  of  three  deals,  destined  to  convey  the  gases  and  condensed  liquids 
into  the  casks  F  G  H.  Lastly,  a  door  T,  which  may  be  opened  and  shut  at  pleasure, 
permits  the  operator  to  inspect  the  state  of  the  fire.  The  charcoal  calcined  by  this  abri, 
has  been  found  to  be  of  superior  quality. 

When  it  is  wished  to  change  the  place  where  the  abri  is  erected,  and  to  transport  it  to 
a  store  of  new-felled  timber,  the  fiame  is  taken  down,  after  beating  oil'  the  clay  which 
covers  it,  the  joints  are  then  cut  by  a  saw,  as  well  as  the  ends  of  the  forks  which  fixed 
the  frames  to  one  another.  This  process  is  economical  in  use,  simple  and  cheap  in 
construction ;  since  all  the  pieces  of  the  apparatus  are  easily  moved  about,  and  may  be 
readily  mounted  in  the  forests.  For  obtaining  a  compact  charcoal,  for  the  use  of  artisans, 
this  mixed  process  of  Foucauld  is  said  to  be  preferable  to  either  the  close  iron  cylindet 
or  the  pile. 

For  making  gunpowder-charcoal  the  lighter  woods,  such  as  the  willow,  dogwood,  and 
alder  answer  best ;  and  in  their  carbonization  care  should  be  taken  to  let  the  vapors  free- 
ly escape,  especially  towards  the  end  of  the  operation,  for  when  they  are  re-absorbed, 
they  greatly  impair  the  combustibility  of  the  charcoal. 

By  the  common  process  of  the  forests,  about  18  per  cent,  of  the  weight  of  the  wood  is 
obtained ;  by  the  process  of  Foucauld  about  24  per  cent,  are  obtained,  with  20  of  crude 
pyrolisneous  acid  of  10  degrees  Baume.  By  the  process  described  under  Acetic  Acid, 
27  of  charcoal,  and  18  of  acid  at  6  degrees,  are  procured  from  100  parts  of  wood,  besides 
the  tar.  These  quantities  were  the  results  of  careful  experimenting,  and  are  greater  than 
*can  be  reckoned  upon  in  ordinary  hands. 

Charcoal  for  chemical  purposes  may  be  extemporaneously  prepared  by  calcining  pieces 
of  wood  covered  with  sand  in  a  crucible,  till  no  more  volatile  matter  exhales. 

The  charcoal  of  some  woods  contains  silica,  and  is  therefore  useful  for  polishing  metals. 
Being  a  bad  conductor  of  heat,  charcoal  is  employed  sometimes  in  powder  to  incase 
small  furnaces  and  steam-pipes.  It  is  not  affected  by  water ;  and  hence  the  extremities 
of  stakes  driven  into  moist  ground  are  not  liable  to  decomposition.  In  like  manner  casks 
when  charred  inside  preserve  water  much  better  than  common  casks,  because  they  furnish 
no  soluble  matter  for  fermentation  or  for  food  to  animalcules. 

Lowitz  discovered  that  wood  charcoal  removes  offensive  smells  from  animal  and  vege- 
table substances,  and  counteracts  their  putrefaction.      He  found  the  odor  of  succinic 
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and  benzoic  acids,  of  bugs,  of  empyreumatic  oils,  of  infusions  of  valerian,  essence  of 
wormwood,  spirits  distilled  from  bad  grain,  and  sulphureous  substances  were  all  absorb- 
able by  freshly  calcined  charcoal  properly  applied.  A  very  ingenious  filter  has  been  con- 
structed for  purifying  water,  by  passing  it  through  strata  of  charcoal  of  different  fineness. 

When  charcoal  is  burned,  one  third  of  the  heat  is  discharged  by  radiation,  and  two 
thirds  by  conduction. 

The  following  table  of  the  quantity  of  charcoal  yielded  by  different  woods  was  pub- 
lished by  Mr.  Mushet,  as  the  result  of  experiments  carefully  made  upon  the  small  scale. 
He  says,  the  woods  before  being  charred  were  thoroughly  dried,  and  pieces  of  each  kind 
were  selected  as  nearly  alike  in  every  respect  as  possible.  One  hundred  parts  of  each 
sort  were  taken,  and  they  produced  as  under ; — 

Lignum  Vita;  afforded  26-0  of  charcoal  of  a  grayish  color,  resembling  coke. 

Mahogany  -  -  .  25*4  tinged  with  brown,  spongy  and  porous. 

Laburnum  -  -  24*5  velvet  black,  compact,  very  hard. 

Chestnut    -  -  .  23-2  glossy  black,  compact,  firm. 

Oak  -         -  -  -  22'6  black,  close,  very  firm. 

Walnut      -  .  .  20-6  dull  black,  close,  firm. 

Holly  ...  19-9  dull  black,  loose  and  bulky. 

Beech         -  -  -  19-9  dull  black,  spong}',  firm. 

Sycamore   -  -  -  19-7  fine  black,  bulky,  moderately  firm. 

Elm  -         -  -  -  19-5  fine  black,  moderately  firm. 

Norway  Pine  -  -  19-2  shinmg  black,  bulky,  very  soft. 

Sallow        -  -  .  18*4  velvet  black,  bulky,  loose  and  soft. 

Ash  -  -  -  17-9  shining  black,  spongy,  firm. 

Birch          ,  -  -  17-4  velvet  black,  bulky,  firm. 

Scottish  Pine  -  -  16*4  tinged  with  brown,  moderately  firm. 

Messrs.  Allen  and  Pepys,  from  100  parts  of  the  following  woods,  obtained  the  quanti- 
ties of  charcoal  as  under : — 


Beech         -         -        -  15-00 
Mahogany  -        -  15-75 

Lignum  Vitse     -        -  17-25 


Oak  .        .        -  17-40 

Fir  -         -        -        -  18-17 
Box  -         -         -  20-25 


It  is  observable  that  the  quantities  obtained  by  Messrs.  Allen  and  Pepys  are  in  general 
less  than  those  given  by  Mr.  Mushet,  which  may  be  owing  to  Mr.  Mushet  not  having 
applied  sufficient  heat,  or  operated  long  enough,  to  dissipate  the  aqueous  matter  of  the 
gaseous  products. 

To  those  persons  who  buy  charcoal  by  weight,  it  is  important  to  purchase  it  as  soon 
after  it  is  made  as  possible,  as  it  quickly  absorbs  a  considerable  portion  of  water  from 
the  atmosphere.  Different  woods,  however,  difler  in  this  respect.  Messrs.  Allen  and 
Pepys  found,  that  by  a  week's  exposure  to  the  air,  the  charcoal  of 


Lignum 

Vita;  gained 

9-6  per  cent 

Fir      - 

. 

-     13-0      ditto. 

Box      - 

. 

-     14-0      ditto. 

Beech  - 

. 

-     16-3      ditto. 

Oak     - 

. 

-     16-5      ditto. 

Mahogany  - 

-     18-0      ditto. 

The  following  is  a  tabular  view  of  the  volumes  of  the  different  gases  which  were 
absorbed  in  the  course  of  24  hours,  by  one  volume  of  charcoal,  in  the  experiments  of 
M.  Theodore  de  Saussure,  which  were  conducted  in  a  way  likely  to  produce  correct 
results.  Each  portion  of  charcoal  was  heated  afresh  to  a  red  heat,  and  allowed  to  cool 
under  mercury.  When  taken  from  the  mercury,  it  was  instantly  plunged  into  the  vessel 
of  gas : 


Ammoniacal  gas 

-     90 

Bicarbureted  hydrogen   - 

35-00 

Muriatic  acid  gas     - 

-    85 

Carbonic  oxyde 

9-42 

Sulphurous  acid 

-    65 

Oxygen  gas   -        -        - 

9-25 

Sulphureted  hydrogen 

-     55 

Nitrogen        ... 

7-50 

Nitrous  oxyde  - 

-    40 

Carbureted  hydrogen 

5-00 

Carbonic  acid  gas    - 

-    35 

Hydrogen  gas 

1-75 

Neumann,  who  made  many  experiments  on  charcoal,  informs  us,  that  for  the  reduction 
if  the  metallic  oxydes,  the  charcoal  of  the  heavier  woods,  as  that  of  the  oak  and  the 
■>eech,  is  preferable,  and  that,  for  common  fuel,  such  charcoal  gives  the  greatest  heat,  and 
.equires  the  most  plentiful  supply  of  air  to  keep  it  burning;  while  those  of  tlie  lighter 
woods  preserve  a  glowing  heat  with  a  much  less  draught  of  air ;  and  that  for  purposes 
where  it  is  desirable  to  have  a  steady  and  a  still  fire,  charcoal  should  be  employed  which 
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has  been  made  from  wood  previously  divested  of  its  bark,  since  it  is  the  cortical  part 
■which  crackles  and  flies  off  in  sparks  during  combustion,  while  the  coal  of  the  wood 
itself  seldom  does. 

For  making  crayons  of  charcoal,  the  willow  is  the  best  wood  that  can  be  employed,  as 
the  softness  is  uniform  in  all  its  parts.  Its  durability  may  be  seen  in  several  of  our  old 
churchyards,  where  the  letters  made  with  lamp-black  are  still  perfect,  though  the  white 
icad  with  which  the  body  of  the  stones  was  painted  is  entirely  destroyed. 

This  property  of  carbon  is  shown,  however,  in  a  more  striking  manner  by  the  writings 
that  were  found  in  the  ruins  of  Herculaneum,  which  have  retained  their  original  black- 
ness for  two  thousand  years.     The  ancients  wrote  with  ink  made  from  ground  charcoal. 

If  it  be  required  to  purify  any  carbonaceous  matter,  to  render  it  fitter  for  delicate  pig- 
ments, this  may  be  done  by  first  calcining  it  in  a  close  vessel,  and  then  lixiviating  it  in 
water  slightly  acidulated  by  nitric  acid. 

The  incorruptibility  of  charcoal  was  well  known  to  the  ancients,  and  they  availed 
themselves  of  this  property  upon  all  important  occasions. 

About  sixty  years  ago  a  quantity  of  oak  stakes  were  found  in  the  bed  of  the  Thames, 
in  the  very  spot  where  Tacitus  says  that  the  Britons  fixed  a  vast  number  of  such  stakes 
to  prevent  tlie  passase  of  Julius  Caesar  and  his  army.  These  stakes  were  charred  to  a 
considerable  depth,  had  retained  their  form  completely,  and  were  firm  at  the  heart. 

Most  of  the  houses  in  Venice  stand  upon  piles  of  wood,  which  have  all  been  previously 
charred  for  their  preservation.  In  this  country,  estates  were  formerly  marked  out  by 
charred  stakes  driven  to  a  considerable  depth  into  the  ground.  See  Bone-black, 
Charcoal,  and  Graphite. 

CARBONATED  WATER  is  water  either  pure,  or  holding  various  saline  matters  in 
solution,  impregnated  with  carbonic  acid  gas.  For  general  sale  in  this  country,  the 
water  usually  contains  a  little  soda,  which  being  charged  with  the  gas,  is  called  Soda 
water  ;  see  this  article  for  a  description  of  an  excellent  machine  for  the  manufacture  of 
this  fashionable  beverage. 

CARBONATES.  Saline  compounds  in  definite  proportions  of  carbonic  acid,  with  alka- 
lis, earths,  and  the  ordinary  metallic  oxydes. 

The  carbonates  principally  used  in  the  arts  and  manufactures  are  those  of  ainmcmia, 
copper,  iron,  lead,  lime,  vwsnesia,  potash,  soda.  Native  carbonate  of  copper  is  the  beau- 
tiful green  mineral  called  Malachite. 

Carbonates  are  easily  analyzed  by  estimating  either  by  weisht  or  measure  the  quantity 
of  cai'bonic  acid  which  they  evolve  under  the  decomposing  action  of  somewhat  dilute 
sulphuric,  nitric,  or  muriatic  acid  ;  for  as  they  are  all  compounds  of  acid,  and  base  in 
equivalent  proportions,  the  quantity  of  acid  will  indicate  the  quantity  of  base.  Thus, 
as  pure  limestone  consists  of  56  of  lime  and  44  of  acid,  in  100  parts,  if  upon  examining 
a  sample  of  limestone  we  find  it  to  give  out  only  22  per  cent,  of  carbonic  acid  gas,  du- 
ring its  slow  solution  in  muriatic  acid,  we  are  sure  that  there  are  only  28  parts  of  lime 
present.  I  have  described,  in  the  Annals  of  Philosophy  for  October,  1817,  a  simple  form 
of  apparatus  for  analyzing  the  carbonates  with  equal  readiness  and  precision.  The  sim- 
ple rule  by  measure  to  which  I  was  led,  may  be  thus  stated  :  From  Ihe  bulk  of  evolved 
gas,  expressed  in  cubic  inches  and  tenths,  deduct-^,  the  remainder  will  express  the  propor- 
tion of  real  limestone  present  in  the  grains  employed.  Pure  magnesian  limestone  yields 
very  nearly  a  cubic  inch  of  the  gas  for  every  grain  in  weight. 

CARBONATE  OF  AMMONIA.  A  salt  called  in  modern  chemistry  sesqui-car- 
bonate,  to  denote  its  being  composed  of  one  and  a  half  equivalent  primes  of  carbonic 
acid,  and  one  of  ammonia.  It  consists  by  my  analysis  of  55-89  carbonic  acid,  28'86 
ammonia,  and  15-25  water,  in  100  parts.  It  is  generally  prepared  by  mixing  from  ]|  to 
1|  parts  of  well-washed  diy  chalk,  with  1  of  sal-ammoniac,  introducing  the  mixture  into 
an  earthen  or  cast-iron  retort,  or  subliming  pot,  and  exposing  it  to  a  heat  gradually  raised 
to  redness.  By  double  decomposition,  the  ammonia  is  volatilized  in  combination  with  the 
carbonic  acid  of  the  chalk,  and  the  vapors  are  received  in  a  condensing  receiver  made 
either  of  glass,  stone  ware,  or  lead.  The  chlorine  of  the  sal-ammoniac  remains  in  the 
retort,  associated  with  the  basis  of  the  chalk  in  the  state  of  chloride  of  calcium.  Some 
ammonia  gas  escapes  during  the  process. 

The  saline  mass  thus  sublimed  is  purified  by  a  second  sublimation  in  glass  or  salt- 
glazed  earthen  vessels.  The  salt  may  be  obtained,  by  the  above  method  carefully  con- 
ducted, in  rhomboidal  octahedrons,  but  it  is  generally  made  for  the  market  in  a  compact 
semi-crystalline  white  cake.  It  has  a  pungent  ammoniacal  smell ;  a  hot,  pungent,  alka- 
line taste  ;  a  strong  alkaline  reaction,  and  dissolves  in  two  parts  of  cold  water.  It  must 
be  kept  in  well-closed  vessels,  as  by  exposure  to  the  air  a  portion  of  its  ammonia  exhales, 
and  it  passes  into  the  state  of  the  scentless  bi-carbonate.  It  is  employed  much  in  medi- 
cine, chemical  analysis,  and  by  the  pastry-cooks  to  give  sponginess  to  their  cakes,  in  con- 
sequence of  its  volatilization  from  their  dough  in  the  oven.     See  Sal-Ammoniac. 

For  the  other  carbonates  used  in  the  arts,  see  their  respective  bases ;  copper,  lead, 
lime,  &c. 
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CARBONIC  ACID  (Jcide  carbonique,  Fr. ;  Kohknsaure,  Germ.)  consists  of  1  prime 
equivalent  of  carbon=6-l23-|-2  of  oxy?en  =  16-026,  whose  joint  sum=22-15],  represents 
the  atomic  weight  or  combining  ratio  of  this  acid,  in  the  neutral  or  protocarbonate 
salts.  Its  composition  by  volume  is  stated  under  Carbon.  Its  natural  form  is  a  gas, 
whose  specific  gravity  is  1-5245,  compared  to  atmospheric  air  1-000;  and  being  so 
dense,  it  may  be  poured  out  of  one  vessel  into  another.  Hence  it  v/as  called  at  first 
aerial  acid.  From  its  existing  copiously,  in  a  solid  state,  in  limestones  and  the  mild 
alkalis,  it  was  styled  fixed  air  by  its  proper  discoverer,  Dr.  Black.  About  one  volume 
of  it  exists  in  1000  volumes  of  common  atmospheric  air,  which  may  be  made  manifest 
isy  the  crust  of  caibonate  it  occasions  upon  the  suiface  of  lime  Water.  Carbonic  acid 
gas  is  found  accumulated  in  many  caverns  of  volcanic  districts,  and  particularly  in 
the  grotto  dci  cani  at  Pausilippo,  near  Puzzuoli ;  being  disengaged  in  such  circumstances 
by  the  action  of  subterranean  fire,  and,  possibly,  of  certain  acids,  upon  the  limestone 
strata.  It  ofien  issues  from  fountains  in  copious  currents,  as  at  Franzensbrunn, 
near  Eger,  in  Polterbrunnen ;  near  Trier ;  and  Byrreshorn.  This  acid  gas  occurs 
also  frequently  in  mines  and  wells,  being  called  choke  dnmp,  from  its  suffocating 
quality.  Its  presence  may,  at  all  times,  be  detected,  by  letting  down  a  lighted  candle, 
suspended  from  a  string,  into  the  places  suspected  of  containing  this  mephitic  air.  It 
exists,  in  considerable  quantities,  in  the  water  of  every  pump  well,  and  cives  it  a  fresh 
and  pleasant  taste.  Water,  exposed  some  time  to  the  air,  loses  these  aerial  particles,  and 
becomes  vapid.  Many  springs  are  highly  impregnated  with  carbonic  acid  gas,  and 
form  a  sparkling  beverage;  such  as  the  Selierswasser,  from  Selters  upon  the  Lahn,  in 
the  grand  dutchy  of  Nassau  ;  of  which  no  less  than  two  millions  and  a  half  of  bottles 
are  sold  every  year.  A  prodigious  quantity  of  a  similar  water  is  also  artificially 
prepared  in  Great  Britain,  and  many  other  countries,  under  the  name  of  aerated  or 
soda  water. 

Carbonic  acid  occurs  in  nature,  combined  with  many  salifiable  bases;  as  in  the 
carbonates  of  soda,  baryta,  strontia,  magnesia;  the  oxydes  of  iron,  manganese,  zinc, 
copper,  lead,  &c.  From  these  substances  it  may  be  separated,  generally  speaking,  by 
strong  ignition,  or,  more  readily,  by  the  superior  affinity  of  muriatic,  sulphuric,  or 
nitric  acid,  for  the  earth  or  metallic  oxyde.  It  is  formed  whenever  vegetable  or  animal 
substances  are  burned  with  free  access  of  air,  from  the  union  of  their  carbonaceous 
principle  with  atmospheric  oxygen.  It  is  also  formed  in  all  cases  of  the  spontaneous 
decomposition  of  organic  substances,  particularly  in  the  process  of  fermentation  ;  and 
constitutes  the  pungent,  noxious,  heavy  gas  thrown  ofl',  in  vast  volumes,  from  beer  vats. 
See  Distillation  and  Fermkntation.  Carbonic  acid  is  also  generated  in  the  breathing 
of  animals;  from  4  to  5  per  cent.,  in  volume,  of  the  inhaled  oxygen  being  converted,  at 
each  expiration,  into  this  gas,  which  contaminates  the  air  of  crowded  apartments,  and 
renders  ventilation  essential  to  health,  and  even  to  life ;  witness  the  horrible  catastrophe 
of  the  Black-hole  at  Calcutta. 

Carbonic  acid  gas  is  destitute  of  color,  has  a  sourish,  suffocating  smell,  an  acidulous 
pungent  taste,  imparts  to  moist,  but  not  dry,  litmus  paper,  a  transient  reddish  tint,  and 
weighs  per  100  cubic  inches,  46|  grains;  and  per  cubic  foot,  803|  grains;  a  little  more 
than  3f  oz.  avoirdupoise.  A  cubic  foot  of  air  weighs  about  two  thirds  of  that  quantity, 
or  527  grains.  It  may  be  condensed  into  the  liquid  slate  by  a  pressure  of  40  atmos- 
pheres, and  this  liquid  may  be  then  solidified  by  its  own  sudden  spontaneous  evapora- 
tion. If  air  contain  more  than  lb  per  cent,  in  bulk  of  this  gas,  it  becomes  unfit 
for  respii-ation  and  combustion,  animal  life  and  candles  being  speedily  extinguished 
by  it. 

Before  a  person  ventures  into  a  deep  Avell,  or  vault  containing  fermenting  materials, 
he  should  introduce  a  lighted  candle  into  the  space,  and  observe  how  it  burns.  Car- 
bonic acid,  being  so  much  denser  than  common  air,  may  be  drawn  out  of  cellars  or 
fermenting  tubs,  by  a  pump  furnished  with  a  leather  hose,  which  reaches  to  the  bottom. 
Quicklime,  mLxed  with  water,  may  be  used  also  to  purify  the  air  of  a  sunk  apartment,  by 
its  affinity  for,  or  power  of,  absorbing  this  aerial  acid.  See  Mineral  Waters  and  Soda 
Water. 

CARBONIC  OXYDE.     See  the  article  Carbon. 

CARBUNCLE.  A  gem  highly  prized  by  the  ancients  ;  most  probably  a  variety  of  the 
noble  garnet  of  modern  mineralogists. 

CARBURET  OF  SULPHUR,  called  also  sulphuret  of  carbon,  and  alcohol  of 
sulphur,  is  a  limpid  volatile  liquid  possessing  a  penetrating  fetid  smell,  and  an  acrid 
burning  taste.  Its  specific  gravity  is  1-265  ;  and  its  boiling  point  is  about  112°  Fahr.  It 
evaporates  so  readily,  and  absorbs  so  much  heat  in  the  vaporous  state,  that  if  a  tube  con- 
taining quicksilver,  surrounded  with  lint  dipped  in  this  liquid,  be  suspended  in  the  re- 
ceiver of  an  air-pump  on  making  the  vacuum,  the  quicksilver  will  be  congealed.  It  con- 
sists of  15-8  carbon  and  84-2  sulphur,  in  100  parts;  being  two  equivalent  primes  of  the 
latter  to  one  of  the  former. 
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CARBURETED  HYDROGEN.  A  compound  of  carbon  and  hydrogen,  of  whic^ 
tliere  are  several  species — such  as  oil-gas,  coal-gas,  olefiant  gas,  oil  of  lemons,  otto  of 
roses,  oil  of  turpentine,  petroleum,  naptha,  napthaline,  oil  of  wine,  caoutchoucine,  and 
caoutchouc. 

CARDS,  PLAYING.  (Cartes  a  jouer,  Fr. ;  Karten,  Germ.)  Mr.  dela  Rue  obtained, 
in  February,  1832,  a  patent  for  certain  improvements  in  the  manufacture  of  jilaying 
cards,  which  he  distributed  under  three  heads  ;  first,  printing  the  pips,  and  also  the  picture 
or  court  cards,  in  oil  colors  by  means  of  types  or  blocks;  secondly,  eflecting  the  same  in 
oil  colors  by  means  of  lithography  ;  and  thirdly,  gilding  or  silvering  borders,  and  other 
parts  of  the  characters,  by  the  printing  process,  either  by  types,  blocks,  or  litho- 
graphy. 

In  the  ordinary  mode  of  manufacturing  playing  cards,  their-  devices  are  partly  produced 
by  copperplate  printing,  and  they  are  filled  up  with  water  colors  by  the  means  called 
stencilling. 

The  patentee  does  not  propose  any  material  alteration  in  the  devices  or  forms  upon  the 
cards,  but  only  to  produce  them  with  oil  colors ;  and,  to  effect  this,  he  follows  precisely 
the  same  mode  as  that  practised  by  calico  printers. 

A  set  of  blocks  or  types  properly  devised,  are  produced  for  printing  the  different  pips 
of  hearts,  diamonds,  spades,  and  clubs,  or  they  are  drawn,  as  other  subjects,  in  the  usual 
way  upon  stone.  The  ink  or  color,  whether  black  or  red,  is  to  be  prepared  from  the 
best  French  lamp-black,  or  the  best  Chinese  vermilion  ground  in  oil,  and  laid  on  the 
types  and  blocks,  or  on  the  stone,  in  the  same  way  as  printers'  rnk,  and  the  impressions 
taken-on  to  thick  drawing  paper  by  means  of  a  suitable  press  in  the  ordinary  manner  of 
printing. 

The  picture  cr  court-cards  are  to  be  produced  by  a  series  of  impressions  in  diflTerent 
colors,  fitting  into  each  other  exactly  in  the  same  way  as  in  printing  paper  hangings,  or 
silks  and  calicoes,  observing  that  all  the  colors  are  to  be  prepared  with  oil. 

For  this  purpose  a  series  of  blocks  or  types  are  to  be  provided  for  each  snb'ect,  and 
which,  when  put  together,  will  form  the  whole  device.  These  blocks  are  to  be  used  sepa- 
rately, that  is,  all  the  yellow  parts  of  the  picture,  for  instance,  are  to  be  printed  at  one 
impression,  then  all  the  red  parts,  next  all  the  flesh  color,  then  the  blue  portions,  and  so 
on,  finishing  with  the  black  outlines,  which  complete  the  picture. 

If  llie  same  is  to  be  done  by  lithography,  there  must  be  as  many  stones  as  there  are 
to  be  colors,  each  to  print  its  portion  only;  and  the  impression,  or  part  of  the  picture 
given  by  one  stone,  must  be  exactly  fitted  into  by  the  impression  given  from  the  next  stone, 
and  so  on  until  the  whole  subject  is  complete. 

A  superior  kind  of  card  is  proposed  to  be  made,  with  gold  or  silver  devices  in  parts 
of  the  pictures,  or  gold  or  silver  borders  round  the  pips.  This  is  to  be  effected  by 
printing  the  lines  which  are  to  appear  as  gold  cr  silver,  with  gilders'  size,  in  place  of 
ink  or  color ;  and  immediately  after  the  impression  has  been  given,  the  face  of  the  card 
is  to  be  powdered  over  with  gold  dust,  silver,  or  bronze,  by  means  of  a  soft  cotton  or 
wool  dabber,  by  which  the  gold,  silver,  or  bronze  will  be  made  to  adhere  to  the  picture, 
and  the  superfluous  portions  of  the  metal  will  wipe  off  by  a  very  slight  rubbing.  When 
the  prints  are  perfectly  dry,  the  face  of  the  card  may  be  polished  by  means  of  a  soft 
brush. 

If  it  should  be  desirable  to  make  these  improved  cards  to  resemble  ivory,  that  may  be 
done  by  preparing  the  face  of  the  paper  in  the  first  instance  with  a  composition  of  size 
and  fine  French  white,  and  a  drying  oil,  mLxed  together  to  about  the  consistency  of  cream  ; 
this  is  to  be  washed  over  the  paper,  and  dried  before  printing,  and  when  the  cards  are 
finished  they  will  exactly  resemble  ivory. 

The  only  thing  remaining  to  be  described,  is  the  means  by  which  the  successive  impres- 
sions of  the  types,  blocks,  or  stones,  forming  the  parts  of  the  pictures,  are  to  be  brought 
exactly  to  join  each  other,  so  as  to  form  a  perfect  whole  design  when  complete;  this  is  by 
printers  called  registering,  and  is  to  be  effected  much  in  the  usual  way,  by  points  in  the 
tympan  of  the  press,  or  by  marks  upon  the  stones. 

The  parts  of  the  subject  having  been  all  accurately  cut  or  drawn  to  fit,  small  holes  are 
to  be  made  with  a  fine  awl  through  a  quire  or  more  of  the  paper  at  once,  by  placing 
upon  the  paper  a  gauge-plate,  having  marks  or  guide-holes,  and  by  observing  these,  the 
same  sheet  laid  on  several  times,  and  always  made  to  correspond  with  the  points  or 
marks,  the  several  parts  of  the  picture  must  inevitably  register,  and  produce  a  perfect 
subject. 

CARD  CUTTING.  Mr.  Dickinson's  patent  machine  for  cutting  cards,  consists  of 
a  pair  of  rollers  with  circular  revolving  cutters,  the  edges  of  which  are  intended  to  act 
against  each  other  as  circular  shears,  and  the  pasteboards  in  passing  between  these 
rollers  are  cut  by  the  circular  shears  into  cards  of  the  desired  dimensions.  These  rollers 
are  mounted  in  suitable  standards,  with  proper  adjustments,  and  are  made  to  revolve  by 
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fl  band   and   pulley  connected  to   the   axle  of  a  crank,  or  by  any  other  convenient 

means. 

Fig.  263  is  a  front  view  of 
this  machine ;  a  a  and  b  b 
are  the  two  rollers,  the 
upper  one  turning  upon 
an  extended  axle,  bearing 
in  the  standards,  the  lovrer 
one  upon  pivots.  These 
rollers  are  formed  by  a 
series  of  circular  blocks, 
between  a  series  of  cir- 
cular steel  cutters,  which 
are  slidden  on  to  iron 
shafts,  and  held  together 
upon  their  axle  by  nuts 
screwed  up  at  their  ends. 
The  accurate  adjustment 
of  the  cutters  is  of  the 
first  importance  to  their 
correct  performance ;  it  is 
therefore  found  necessary 
to  introduce  spiral  springs 
within  the  blocks,  in  order 
to  press  the  cutters  up  to 
their  proper  bearings.  A  section  of  one  of  the  blocks  is  shown  at  fig.  265,  and  an  end 
view  of  the  same  at  fig.  266,  with  the  spiral  springs  inserted. 

At  the  outer  extremity  of  the  axle  of  the  roller  a,  a  rigger  c,  is  attached,  whence  a  band 
passes  to  a  pulley  d,  on  the  crank  shaft  e,  to  which  a  fly-wheel/,  is  affixed,  for  the  purpose 
of  rendering  the  action  uniform.  Rotatory  motion  being  given  to  the  crank  shaft,  the 
upper  roller  is  turned,  the  lower  roller  moving  at  the  same  time  by  the  fiction  against  the 
edges  of  the  cutters. 

Fig.  264  is  an  end  view  of  the  rollers,  showing  the  manner  in  which  the  pasteboards 
are  guided  and  conducted  between  the  cutters.  In  the  front  of  the  machine  a  moveable 
frame  g,  is  to  be  placed,  for  the  purpose  of  receiving  the  pasteboards,  preparatory  to  cut- 
ting them  into  cards,  and  a  stop  is  screwed  to  this  frame  for  the  edge  of  the  pasteboard  to 
bear  against,  which  stop  is  adjustable  to  suit  different  sizes.  From  the  back  part  of  this 
frame  an  arm  h,  extends,  the  extremity  of  which  acts  against  the  periphery  of  a  ratchet 
wheel  i,  fixed  at  the  end  of  the  roller  h,  and  hence,  as  the  roller  goes  round,  the  frame  is 
made  to  rise  and  fall  upon  its  pivots,  for  the  purpose  of  guiding  tlie  pasteboard  up  to  the 
cutters  ;  at  the  same  time  a  rod  k,  hanging  in  arms  from  the  sides  of  the  standards  (shown 
by  dots  in  fig.  263),  falling  upon  the  pasteboard,  confines  it,  while  the  cutters  take  hold, 
and  racks  corresponding  with  the  indentations  of  the  rollers  are  placed  as  at  /  /,  by  means 
of  which  the  cards,  when  cut,  are  pushed  out  of  the  grooves. 

As  various  widths  of  cards  will  require  to  be  cut  by  this  machine,  the  patentee  pro- 
poses to  have  several  pairs  of  rollers  ready  adjusted  to  act  together,  when  mounted  in  the 
standards,  in  preference  to  shifting  the  circular  cutters,  and  introducing  blocks  of  greater 
or  less  width. 

The  second  part  of  the  invention  is  a  machine  for  pasting  the  papers,  and  pressing 
the  sheets  together  to  make  pasteboard.  This  machine  consists  of  several  reels  (we 
suppose  rollers  are  intended)  on  which  the  paper  is  to  be  wound,  along  with  a  paste 
trough,  and  rotatory  brushes.  The  several  parts  of  this  machine,  and  their  operations  in 
making  pasteboard,  are  described  in  the  specification,  but  the  patentee  having  omitted 
the  letters  of  reference  in  the  drawing  which  he  has  enrolled,  it  becomes  diflicult  to 
explain  it. 

As  far  as  we  are  enabled  to  understand  the  machine,  it  appears,  that  damped  paper  is 
to  be  wound  upon  two  rollers,  and  conducted  from  thence  over  two  other  rollers;  that  two 
fluted  rollers  revolving  in  the  paste  trough  are  to  supply  paste  to  two  circular  brushes, 
and  that  by  those  brushes  the  papers  are  to  be  pasted  upon  one  side,  and  then  pressed  to- 
gether, to  make  the  pasteboard ;  after  this,  the  pasteboard  is  to  be  drawn  on  to  a  table, 
and  to  remain  there  until  sufficiently  dry  to  be  wound  upon  other  rollers.  By  comparing 
this  description  with  the  figure,  perhaps  the  intended  operations  of  the  machine  may  be 
discovered;   it  is  the  best  explanation  we  are  enabled  to  give. 

CARDS  (Cardes,  Fr. ;  Karden,  Germ.)  are  instruments  which  serve  to  disentangle 
the  fibres  of  wool,  cotton,  or  other  analogous  bodies,  to  arrange  them  in  an  orderly  lap 
or  fleece,  and  thereby  prepare  them  for  being  spun  into  uniform  threads.  The  fineness 
and  the  levelness  of  the  yarn,  as  well  as  the  beauty  of  the  cloth  into  which  it  enters, 
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depend  as  much  upon  the  regularity  and  perfection  of  the  carding,  as  upon  any  subsequent 
operations  of  the  factory.  The  quality  of  the  carding  depends  more  upon  that  of  the 
cards  than  upon  any  attention  or  skill  in  the  operative  ;  since  it  is  now  nearly  an  automa- 
tic process,  conducted  by  young  women  called  card-tenters. 

Cards  are  formed  of  a  sheet  or  fillet  of  leather  pierced  with  a  multitude  of  small  holes, 
in  which  are  implanted  small  staples  of  wire  with  bent  projecting  ends  called  teeth. 
Thus  every  piece  of  wire  is  double  toothed.  The  leather  is  afterwards  applied  to  a  flat 
or  cylindrical  surface  of  wood  or  metal,  and  the  co-operation  of  two  or  more  such  sur- 
faces constitutes  a  card.  The  teeth  of  cards  are  made  thicker  or  slenderer,  according  as 
the  filaments  to  be  carded  are  coarser  or  finer,  slider  or  more  pliant,  more  A'aluable  or 
cheaper.  It  is  obviously  of  great  importance  that  the  teeth  should  be  all  alike,  equably 
distributed,  and  equally  inclined  over  the  surface  of  the  leather,  a  degree  of  precision 
which  is  scarcely  possible  with  handwork.  To  judge  of  the  difficulty  of  this  manipu- 
lation we  need  only  inspect  the  annexed  figures.  The  wire  must  first  be  bent  at  right 
angles  in  c  and  d,  fig.  268,  then  each  branch  must  receive  a  second  bend  in  a  and  i  at  a 
determinate  obtuse  angle,  invariable  for  each  system  of  cards.  It  is  indispensable  that 
the  two  angles  cae  and  r/ 6 /be  mathematically  equal,  not  only  as  to  the  twin  teeth  of  one 
staple,  but  through  the  whole  series  ;  for  it  is  easy  to  see  that  if  one  of  the  teeth  be  more 
or  less  sloped  than  its  fellow,  it  will  lay  hold  of  more  or  less  wool  than  it,  and  render  the 
carding  irregular.  But  though  the  perfect  regularity  of  the  teeth  be  important,  it  is  not' 
the  sole  condition  towards  making  a  good  card.  It  must  be  always  kept  in  view  that  these 
teeth  are  to  be  implanted  by  pairs  in  a  piece  of  leather,  and  kept  in  it  by  the  cross  part 
c  d.  The  leather  must  therefore  be  pierced  with  twin  holes  at  the  distance  c  d  ;  and  pierc- 
ed in  such  a  manner,  that  the  slope  of  the  holes,  in  reference  to  the  iilane  of  the  leather, 
be  invariably  the  same ;  for  otherwise  the  length  of  the  teeth  would  vary  with  this  angle 
of  inclination,  and  the  card  would  be  irregular. 

A  third  condition  essential  towards  producing  perfect  resularity,  is  that  the  leather 
ought  to  be  of  the  same  thickness  throughout  its  whole  surface,  otherwise  the  teeth, 
though  of  the  same  length  and  fixed  at  the  same  an'.de,  would  be  rendered  unequal  by  the 
different  thicknesses  of  the  leather,  and  the  operation  of  carding  would  be  in  consequence 
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extremely  defective.  Fig.  267  shows  the  card  teeth  acting  against  each  other,  ns  indica- 
ted by  the  arrows  in  two  opposite  directions  ;  in  fig.  269  they  work  one  way. 

Of  late  years  very  complex  but  complete  and  well-acting  machines  have  been  con- 
structed for  splittins;  the  leather  or  equalizing  it  by  shaving,  for  bending  and  cutting  the 
wires,  and  implanting  them  in  the  leather,  into  holes  pierced  with  perfect  regularity. 
Card  machines  which  fashion  the  teeth  with  great  precision  and  rapidity,  and  pierce  the 
leather,  have  been  for  a  considerable  time  in  use  at  Halifax,  in  Yorkshire,  a  town  famous 
for  the  excellence  of  its  card-cloth,  as  also  at  Leeds,  Glasgow,  and  several  other  places. 
The  wires  and  the  leather  thus  prepared  are  given  out  by  the  manufacturer  to  women  and 
children,  who  put  them  together. 

1.  The  simplest  machine  for  equalizing  the  leather  which  can  be  employed,  is  that 
which  I  saw  operating  in  MM.  Scrive's  automatic  card  factory  at  Lille,  the  most  magnifi- 
cent I  believe  in  the  world,  where  the  leather  was  drawn  forwards  by  a  roller  over  a  solid 
horizontal  table,  or  bed,  and  passed  under  a  nicely  adjusted  vertical  blade,  which  shaved 
it  by  a  scraping  motion  to  a  perfectly  uniform  thickness.  About  one  half  the  weight  of 
the  leather  is  lost  in  this  process,  and  in  the  subsequent  squarins  and  trimming. 

The  machine  for  making  cards,  invented  I  believe  by  a  Mr.  Ellis  of  the  United  States, 
for  which  a  first  patent  was  obtained  in  this  country  by  Joseph  Cheeseborough  Dyer,  Esq. 
of  Manchester,  in  1811,  and  a  second  and  third  with  further  improvements  in  1814, 
and  1S24,  is  one  of  the  most  elegant  automatons  ever  applied  to  productive  industry. 
It  is,  however,  necessarily  so  complicated  with  different  mechanisms  as  to  render  its 
representation  impracticable  in  such  engravings  as  are  compatible  with  the  scope  of  this 
dictionary.  I  must  therefore  content  myself  with  the  following  general  description  of  its 
constituent  parts. 

The  first  thing  to  be  done  after  having,  as  above,  prepared  the  long  sheets  or  fillets  of 
leather  of  suitable  lens;th,  breadth,  and  thickness,  for  making  the  cards,  is  to  stretch  the 
leather,  and  hold  it  firmly ;  which  is  accomplished  by  windins  the  fillet  of  leather  upon 
the  roller  or  drum,  like  the  warp  roller  of  a  loom,  and  then  conducting  it  upwards  between 
guide  rollers,  to  a  receiving  or  work  roller  at  top  of  the  machine,  where  the  fillet  is  held 
fast  by  a  cramp,  by  which  means  the  leather  is  kept  stretched. 

Secondly,  the  holes  are  pierced  in  the  leather  to  receive  the  wire  staples  or  teeth  of  th>. 
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card,  by  means  of  a  sliding  fork,  the  points  of  which  are  presented  to  the  face  of  the 
leather;  while  the  fork  is  made  to  advance  and  recede  continually,  by  the  agency  of 
levers  worked  by  rotatory  cams  upon  a  revolving  main  shaft. 

The  points  of  the  fork  being  thus  made  to  penetrate  into  the  leather,  the  holes  for 
receiving  the  staples  are  pierced  at  regular  distances,  and  in  correct  oi'der,  by  shifting  the 
leather  fillet  so  as  to  brins  different  parts  of  its  surface  opposite  to  the  points  of  the 
sliding  fork.  This  is  done  by  cams,  or  indented  wheels  and  gear,  which  shift  the  guide 
rollers  and  confining  drums  laterally,  as  they  revolve,  and  consequently  move  the  fillet  of 
leather  at  intervals  a  short  distance,  so  as  to  present  to  the  points  of  the  fork  or  piercer, 
at  every  movement,  a  different  part  of  the  surface  of  the  leather. 

Thirdly,  the  wire  of  which  the  teeth  or  points  of  the  card  are  to  be  made,  is  supplied 
from  a  coil  on  the  side  of  the  machine,  and  is  brought  forward  at  intervals  by  a  pair 
of  sliding  pincers,  which  are  slidden  to  and  fro  through  the  agency  of  levers  actuated  by 
rotatory  cams  upon  the  main  shaft.  The  pincers  having  advanced  a  distance  equal  to 
the  length  of  wire  intended  to  form  one  staple  or  two  points,  this  length  of  wire  is 
pressed  upon  exactly  in  the  middle  by  a  square  piece  of  steel,  and  being  there  confined, 
a  cutter  is  brought  forward,  wliich  cuts  it  off  from  that  part  of  the  wire  held  in  the  pincers. 

The  length  of  wire  thus  separated  and  confined  is  now,  by  a  movement  of  the  machine, 
bent  up  along  the  sides  of  the  square  steel  holder,  and  shaped  to  three  edges  of  the  square, 
that  is,  formed  as  a  staple;  and  in  the  same  way,  by  the  continued  movements  of  the 
machine,  a  succession  of  pieces  of  wire  are  cut  off,  and  bent  into  staples  for  making  the 
teeth  of  the  card  as  long  as  the  mechanism  is  kept  in  action. 

Fourthly,  the  wire  staple  thus  formed  is  held  with  its  points  or  ends  outwards,  closely 
contiguous  to  the  forked  piercer  described  above,  and  by  another  movement  of  the  me- 
chanism, the  staple  is  protruded  forward,  its  end  entering  into  the  two  holes  made  pre- 
viously in  the  leather  by  the  sliding  of  the  fork. 

While  the  wire  staple  is  being  thus  introduced  into  the  leather,  its  legs  or  points  are 
to  be  bent,  that  is,  formed  with  a  knee  or  angle,  which  is  the  fifth  object  to  be  effected. 
This  is  done  by  means  of  a  small  apparatus  consisting  of  a  bar  or  bed,  which  bears  up 
against  the  under  side  of  the  wire  staple  when  it  has  been  passed  half  way  into  the 
holes  in  the  leather,  and  another  bar  above  it,  which,  being  brought  down  behind  the 
staple,  bends  it  over  the  resisting  bar  to  the  angle  required ;  that  is,  forms  the  knee  in 
each  leg.  A  pusher  now  acts  behind  the  staple,  and  drives  it  home  into  the  leather, 
which  completes  the  operation. 

The  leather  being  thus  conducted,  and  its  position  shifted  before  the  piercer  progres- 
sively, a  succession  of  the  above  described  operations  of  cutting  the  wire,  forming  the 
staple,  passing  it  into  the  leather,  and  bending  its  legs  to  the  angular  form,  produces 
a  sheet  of  card  of  the  kind  usually  employed  for  carding  or  combing  wool,  cotton,  and 
other  fibrous  materials.  It  may  be  necessary  to  add,  that  as  these  wire  staples  are  re- 
quired to  be  set  in  the  leathers  sometimes  in  lines  crossing  the  sheet,  which  is  called 
ribbed,  and  at  other  limes  in  oblique  lines,  called  twilled,  these  variations  are  produced 
by  th^  positions  of  the  notches  or  steps  upon  the  edge  or  periphery  of  the  cam  or  in- 
dented wheel,  which  shifts  the  guide  rollers  that  hold  the  fillet  or  sheet  of  leather  as 
already  described. 

CARMINE  (Eng.  and  Fr. ;  Karminstoff,  Germ.)  is,  according  to  Pelletier  and  Caven- 
tou,  a  triple  compound  of  the  coloring  substance,  and  an  animal  matter  contained  in 
cochineal,  combined  with  an  acid  added  to  effect  the  precipitation.  The  preparation  of  this 
article  is  still  a  mystery,  because,  upon  the  one  hand,  its  consumption  being  very  limited, 
few  persons  are  engaged  in  its  manufacture,  and  upon  the  other,  the  raw  material  being 
costly,  extensive  experiments  on  it  cannot  be  conveniently  made.  Success  in  this  busi- 
ness is  said  to  depend  not  a  little  upon  dexterity  of  manipulation,  and  upon  knowing  the 
instant  for  arresting  the  further  action  of  heat  upon  the  materials. 

There  is  sold  at  the  shops  different  kinds  of  carmine,  distinguished  by  numbers,  and 
possessed  of  a  corresponding  value.  This  difference  depends  upon  two  causes ;  either 
upon  the  proportion  of  alumina  added  in  the  precipitation,  or  of  a  certain  quantity  of 
vermilion  put  in  to  dilute  the  color.  In  the  first  case  the  shade  is  paler,  in  the  second  it 
has  not  the  same  lustre.  It  is  always  easy  to  discover  the  proportion  of  the  adulteration. 
By  availing  ourselves  of  the  property  of  pure  carmine  to  dissolve  in  water  of  ammonia, 
the  whole  foreign  matter  remains  untouched,  and  we  may  estimate  its  amount  by  drying 
the  residuum. 

To  make  Ordinary  Carmine. 
Take  1  pound  of  cochineal  in  powder ; 

3  drachms  and  a  half  of  carbonate  of  potash ; 
8  drachms  of  alum  in  powder  ; 
3  drachms  and  a  half  of  fish-glue. 

The  cochineal  must  be  boiled  along  with  the  potash  in  a  copper  containing  five  pails- 
ful  of  water  (60  pints) ;  the  ebullition  being  allayed  with  cold  water.     After  boQing  a 
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few  minutes  the  copper  must  be  taken  from  the  fire,  and  placed  on  a  table  at  such  an 
angle  as  that  the  liquor  may  be  conveniently  transvased.  The  pounded  alum  is  then 
thrown  in,  and  the  decoction  is  stirred;  it  changes  color  immediately,  and  inclines  to  a 
more  brilliant  tint.  At  the  end  of  fifteen  minutes  the  cochineal  is  deposited  at  the 
bottom,  and  the  bath  becomes  as  clear  as  if  it  had  been  filtered.  It  contains  the  color- 
m?  matter,  and  probably  a  litile  alum  in  suspension.  We  decant  it  then  into  a  copper  of 
equal  capacity,  and  place  it  over  the  fire,  adding  the  fish-glue  dissolved  in  a  great  deal  of 
water,  and  passed  through  a  searce.  At  the  moment  of  ebullition,  the  carmine  is  per- 
ceived to  rise  up  to  the  surface  of  the  bath,  and  a  coagulum  is  formed,  like  what  takes 
place  in  clarifications  with  white  of  egg.  The  copper  must  be  immediately  taken  from 
the  fire,  and  its  contents  be  stirred  with  a  spatula.  In  the  course  of  fifteen  or  twenty 
minutes  the  carmine  is  deposited.  The  supernatant  liquor  is  decanted,  and  the  deposite 
must  be  drained  upon  a  filter  of  fine  canvass  or  linen.  If  the  operation  has  been  well 
conducted,  the  carmine,  when  dry,  crushes  readily  under  the  fingers.  What  remains  after 
the  precipitation  of  the  carmine  is  still  much  loaded  with  color,  and  may  be  employed 
very  advantageously  for  carminaled  lakes.     See  Lake. 

By  the  old  German  process,  carmine  is  prepared  by  means  of  alum  without  any  other 
addition.  As  soon  as  the  water  boils,  the  powdered  cochineal  is  thrown  into  it,  stirred 
well,  and  then  boiled  for  six  minutes;  a  little  ground  alum  is  added,  and  the  boiling  is 
continued  for  three  minutes  more ;  the  vessel  is  removed  from  the  fire,  the  liquor  is  fil- 
tered and  left  for  three  days  in  porcelain  vessels,  in  the  course  of  which  time  a  red  mat- 
ter falls  down,  which  must  be  separated  and  dried  in  the  shade.  This  is  carmine,  which 
is  sometimes  previously  purified  by  washing.  The  liquor  after  three  days  more  lets  fall 
an  inferior  kind  of  carmine,  but  the  residuary  coloring  matter  may  also  be  separated  by 
the  muriate  of  tin. 

The  proportions  for  the  above  process  are  580  parts  of  clear  river  water,  16  parts  of 
cochineal,  and  1  part  of  alum;  there  is  obtained  from  I5  to  2  parts  of  carmine. 

Another  carmine  with  tartar. — To  the  boiling  water  the  cochineal  is  added,  and  after 
some  time  a  little  cream  of  tartar;  in  eight  minutes  more  we  add  a  little  alum,  and  con- 
tinue the  boiling  for  a  minute  or  two  longer.  Then  take  it  from  the  fire  and  pour  it 
into  glass  or  porcelain  vessels,  filler,  and  let  it  repose  quietly  till  the  carmine  falls  down. 
We  then  decant  and  dry  in  the  shade.  The  proportions  are  8  pounds  of  water,  8  oz. 
of  cochineal,  5  oz.  of  cream  of  tartar,  f  oz.  of  alum,  and  the  product  is  an  ounce  of 
carmine. 

The  process  of  ^IJxon  or  Langlois. — Boil  two  pails  and  a  half  of  river  water  (30  pints), 
throw  into  it,  a  little  afterwards,  a  pound  of  cochineal,  add  a  filtered  solution  of  six 
drachms  of  carbonate  of  soda  and  a  pound  of  water,  and  let  the  mixture  boil  for  half  an 
hour;  remove  the  copper  from  the  fire,  and  lei  it  cool,  inclining  it  to  one  side.  Add 
six  drachms  of  pulverized  alum,  stir  with  a  brush  to  quicken  the  solution  of  the  salt,  and 
let  the  whole  rest  20  minutes.  The  liquor,  which  has  a  fine  scarlet  color,  is  to  be  care- 
fully decanted  into  another  vessel,  and  there  is  to  be  put  into  it  the  whites  of  two  eggs 
well  beat  up  with  half  a  pound  of  water.  Stir  again  with  a  brush.  The  copper  is  re- 
placed on  the  fire,  the  alumina  becomes  concrete,  and  carries  down  the  colorina:  matter 
with  it.  The  copper  is  to  be  taken  from  the  fire,  and  left  at  rest  for  25  or  30  minutes  to 
allow  the  carmine  to  fall  down.  When  the  supernatant  liquor  is  drawn  oft',  the  de- 
posite is  placed  upon  filter  cloth  stretched  upon  a  frame  to  drain.  When  the  carmine 
has  the  consistence  of  cream  cheese,  it  is  taken  from  the  filter  with  a  silver  or  ivory 
knife  and  set  to  dry  upon  plates  covered  with  paper,  to  screen  it  from  dust.  A  pound  of 
cochineal  gives  in  this  way  an  ounce  and  a  half  of  carmine. 

Process  of  Madame  Cene.tte,  of  Amsterdam,  with  salt  of  sorrel. — Into  six  pails  of  river 
water  boiling  hot  throw  two  pounds  of  the  finest  cochineal  in  powder,  continue  the 
ebullition  for  two  hours,  and  then  add  3  oz.  of  refined  saltpetre,  and  after  a  few  minutes 
4  oz.  of  salt  of  sorrel.  In  ten  minutes  more  take  the  copper  from  the  fire  and  let  it 
settle  for  four  hours ;  then  draw  oft'  the  liquor  with  a  syphon  into  flat  plates  and  leave  it 
there  for  three  weeks.  Afterwards  there  is  formed  upon  the  surface  a  pretty  thick  mouldi- 
ness,  which  is  to  be  removed  dexterously  in  one  pellicle  by  a  slip  of  whalebone.  Should 
the  film  tear  and  fragments  of  it  fall  down,  they  must  be  removed  with  the  utmost  care. 
Decant  the  supernatant  water  with  a  syphon,  the  end  of  which  may  touch  the  bottom  of 
the  vessel,  because  the  layer  of  carmine  is  very  firm.  Whatever  water  remains  must  be 
sucked  away  by  a  pipette.  The  carmine  is  dried  in  the  shade,  and  has  an  extraordinary 
lustre. 

Carmine  by  the  salt  ofiin,or  the  Carmine  of  China. — Boil  the  cochineal  in  river  water, 
adding  some  Roman  alum,  then  pass  through  a  fine  clolh  to  remove  the  cochineal,  and 
set  the  liquor  aside.  It  becomes  brighter  on  keeping.  After  having  heated  this  liquor, 
pour  into  it,  drop  by  drop,  solution  of  tin  till  the  carmine  be  precipitated.  The  propor- 
tions are  one  pailful  of  water,  20  oz.  of  cochineal,  and  60  grains  of  alum,  with  a  solu- 
tion of  tin  containing  4  oz.  of  the  metal. 
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To  revive  or  brighten  carmine. — We  may  brighten  ordinary  carmine,  and  obtain  a  very 
fine  and  clear  pigment,  by  dissolving  it  in  water  of  ammonia.  For  this  purpose  we  leave 
ammonia  upon  carmine  in  the  heat  of  the  sun,  till  all  its  color  be  extracted,  and  the  liquor 
has  got  a  fine  red  tinge.  It  must  be  then  drawn  off  and  precipitated,  by  acetic  acid  and 
alchohol,  next  washed  with  alcohol,  and  dried.  Carmine  dissolved  in  ammonia  has  been 
long  employed  by  painters,  under  the  name  of  liquid  carmine. 

Carmine  is  the  finest  red  color  which  the  painter  possesses.  It  is  principally  employed 
in  miniature  painting,  water  colors,  and  to  tint  artificial  flowers,  because  it  is  more  trans- 
parent than  the  other  colors.     For  Car  minium,  see  Cochineal. 

CARPET.  (Tapis,  Fr. ;  Teppich,  Germ.)  A  thick  woollen  fabric  of  variegated 
colors,  for  covering  the  floors  of  the  better  sort  of  apartments.  This  luxurious  manufac- 
ture took  its  origin  in  Persia  and  Turkey,  whence  the  most  beautiful  patterns  were  wont 
to  come  into  Europe ;  but  they  have  been  for  some  time  surpassed  by  the  workmanship  of 
France,  Great  Britain,  and  Belgium.  To  form  a  just  conception  of  the  elegant  and  in- 
genious processes  by  which  carpets  are  made,  we  should  visit  the  royal  establishment  of 
the  Gobelins  at  Paris,  where  we  would  see  the  celebrated  carpet  manufactory  of  the 
Savounerie,  which  has  been  transported  thiiher.  A  detailed  set  of  engravings  of  this  art 
is  given  by  Roland  de  la  Platiere  in  the  first  and  second  volumes  of  the  Encyclopedie 
Methodique,  to  which  I  must  refer  my  readers,  as  a  due  exposition  of  its  machines  and 
operations  would  far  exceed  the  scope  of  the  present  volume. 

The  warp,  says  M.  Roland,  being  the  foundation  of  the  fabric,  ought  to  be  of  fine 
wool,  equally  but  firmly  spun,  and  consist  of  three  yarns  twisted  into  one  thread.  The 
yarns  that  are  to  form  the  velvety  surface  of  the  carpet,  ought  also  to  be  of  the  best 
quality,  but  soft  and  downy  in  their  texture,  so  that  the  dye  may  penetrate  every  fila- 
ment. Hemp,  or  linen  yarns,  are  likewise  employed  in  this  manufacture,  as  a  woof,  to 
bind  the  warp  firm.Iy  together  after  each  shoot  of  the  velvety  threads.  Thus  we  see 
that  good  carpeting  consists  essentially  of  two  distinct  webs  woven  at  the  same  time, 
and  firmly  decussated  together  by  the  woof  threads.  Hence  the  form  of  the  pattern  is 
the  same  upon  the  two  sides  of  the  cloih,  only  the  colors  are  reversed,  so  that  what  was 
green  upon  one  side  becomes  red  or  black  upon  the  other,  and  vice  versa.  The  smaller 
the  figures  the  more  frequent  the  decussations  of  the  two  planes,  and  the  firmer  and 
more  durable  the  fabric. 

The  carpet  manufacture,  as  now  generally  practised,  may  be  distributed  into  two  sys- 
tems— that  of  double  fabrics,  and  that  cut  in  imitation  of  velvet.  Of  late  years  the 
Jacquard  loom  has  been  much  used  in  weaving  carpets,  the  nature  of  which  will  be 
found  fully  explained  under  that  title. 

For  the  sake  of  illustration,  if  we  suppose  the  double  carpets  to  be  composed  of  only 
two  colors,  the  principle  of  weaving  will  be  easily  understood ;  for  it  is  only  necessary 
to  raise  the  warp  of  each  web  alternately  for  the  passage  of  the  shuttle,  the  upper  web 
being  entirely  above  when  the  under  web  is  being  woven,  or  decussated,  and  vice  versa. 
In  a  Brussels  carpet  the  worsted  yarn  raised  to  form  the  pile,  and  make  the  figure,  is 
not  cut ;  in  the  Wilton  the  pile  is  cut  to  give  it  a  velvety  aspect  and  softness.  In  the 
imperial  Brussels  carpet  the  figtire  is  raised  above  the  ground,  and  its  pile  is  cut, 
but  the  ground  is  uncut;  and  in  the  royal  Wilton,  the  pile  is  both  raised  higher 
than  in  the  common  Wilton,  and  it  is  cut,  whereby  it  has  a  rich  cushion-like  ap- 
pearance. The  cloth  of  all  these  superior  carpets  consists  of  woollen  and  linen,  or 
hemp  ;  the  latter  being  put  upon  a  beam,  and  brought,  of  course,  through  heddles  and  a 
reed ;  but  as  its  only  purpose  is  to  bind  together  the  worsted  fabric,  it  should  not  be 
visible  upon  the  upper  face  of  the  carpet.  The  worsted  yarn  is  wound  upon  small  bob- 
bins or  pirns,  with  a  weight  affixed  to  each,  for  giving  proper  tension  to  the  threads. 
Their  number  varies,  for  one  web,  from  1300  to  1800,  according  as  the  carpet  is  to 
be  27  or  36  inches  wide ;  and  they  are  placed,  in  frames,  behind  the  loom,  filled  with 
diflferently  colored  yarn,  to  correspond  with  the  figure.  This  worsted  warp  is  then  drawn 
through  the  harness,  heddles,  and  reed,  to  be  associated  with  the  linen  yarn  in  the  com- 
pound fabric. 

In  Kidderminster  carpeting,  both  warp  and  weft  appear  upon  the  face  of  the  cloth, 
whereas,  in  the  Brussels  style,  only  the  warp  is  seen,  its  binding  weft  being  fine  hempen 
or  linen  threads.  The  three-ply  imperial  carpet,  called  the  Scotch,  is  coming  very 
much  into  vosue,  and  is  reckoned  by  many  to  be  little  inferior  in  texture,  look,  and 
Wear  to  the  Brussels.  Kilmarnock  has  acquired  merited  distinction  by  this  ingenious 
industry.  In  this  fabric,  as  well  as  in  the  two-ply  Kidderminster,  the  weft  predominates, 
and  displays  the  design  ;  but  in  the  French  carpets,  the  worsted  warp  of  the  web  shows 
the  figure.  Plain  Venetian  carpets,  as  used  for  stairs  and  passages,  are  woven  in  simple 
looms,  provided  merely  with  the  common  heddles  and  reed.  The  warp  should  be  a 
substance  of  worsted  yarn,  so  heavy  as  to  cover  in  the  weft  completely  from  the  view. 
Figured  Venetian   carpets  are   woven   in  the  two-ply  Kidderminster   looms,  and  are 
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provided  with  a  mechanism  to  raise  the  pattern  upon  the  worsted  warp.    The  weft  is  an 
alternate  shoot  of  worsted  and  linen  yarn,  and  must  be  concealed. 

The  following  figure  and  description  will  explain  the  construction  of  the  three-ply 
imperial  Scotch  and  two-ply  Kidderminster  carpet-loom,  which  is  merely  a  modification 
of  the  Jacquard  metier.     The  Brussels  carpet-loom,  on  the  contrary,  is  a  draw-Loy  loom 
270  on   the   damask  plan,  and  requires  the 

weaver  to  have  an  assistant.  Fig.  270, 
A  A  A,  is  the  frame  of  the  loom,  con- 
sisting of  four  upright  posts,  with  caps 
and  cross  rails  lo  bind  them  together. 
The  posts  are  about  six  feet  high,  c  r, 
the  cloth-beam,  is  a  wooden  cylinder, 
six  inches  or  thereby  in  diameter,  of 
sufficient  length  to  traverse  the  loom, 
with  iron  gudgeons  in  the  two  ends, 
which  work  in  bushes  in  the  side  frame. 
On  one  end  of  this  beam   is  a  ratchet 

-r\     ',.  J""!  11— ^^ ;  N     E'ja-—  arrn.  whcel,  wilh    a   tooth    to   keep   it   from 

li    \_     ^S:jJ^..  ill  L''J|iH^^,^^=g^0^  turning  round  backwards  by  the  tension 

^  f"^    i"^^--,^  s.  r-.^- "'  I'  '  ^'^  of  the  web.     d,  the  lay,  with  its  reed, 

its  under  and  upper  shell,  its  two  lateral 
rulers  or  swords,  and  rocking-tree  above. 
There  are  grooves  in  the  upper  and 
under  shell,  into  which  the  reed  is  fitted. 
E,  the  heddles,  or  harness,  with  a  double 
neck  attached  to  each  of  the  tower  or  card 
mechanisms  f  f,  of  the  Jacquard  loom. 
The  heddles  are  connected  and  work  with 
the  treddles  b  b,  by  means  of  cords,  as  shown  in  the  figure,  g  g  are  wooden  boxes  for 
the  cards,     h,  the  yarn  or  warp-beam. 

In  draw-looms  of  every  kind,  there  is  no  sinking  of  any  portion  of  the  warp,  as  in 
plain  clolh-wcaving ;  but  the  plane  of  the  warp  is  placed  low,  and  the  threads  under 
which  the  shuttle  is  to  pass  are  raised,  while  all  the  rest  remains  stationary.  The 
harness  part  of  this  carpei-loom  is  moved  by  an  assistant  boy  or  girl,  who  thus  allows 
the  weft    to  be  properly  decussated,  while  the  weaver    attends    to  working   the   front 

mounting  or  heddles.  Fig.  271,  a  repre- 
sents the  frame  of  a  carpet  draw-loom; 
B  is  a  box  or  frame  of  pulleys,  over 
which  the  cords  of  the  harness  pass,  and 
are  then  made  fast  to  a  piece  of  wood, 
seen  at  e,  which  the  weavers  call  a  table. 
From  the  tail  of  the  harness  the  simples 
descend,  and  to  the  end  of  each  is  at- 
tached a  small  handle  c,  called  a  bob. 
These  handles  being  disposed  in  pairs, 
and  their  regularity  preserved  by  means 
of  a  perforated  board  c,  it  is  merely  ne- 
cessary to  pull  every  handle  in  succes- 
sion ;  the  weaver,  at  the  same  time, 
working  his  treddles  with  his  feet,  as  in 
any  other  loom.  The  treddles  are  four 
in  number,  the  fabric  being  that  of  plain  or  alternate  cloth,  and  two  treddles  allot- 
ted for  each  web.  The  harness  part  of  the  carpet  draw-loom  is  furnished  with 
mails,  or  metallic  eyes,  to  save  iliction;  two  threads  being  drawn  through  each  eye. 
The  design  or  pattern  of  a  carpet  is  drawn  upon  cross-rule  paper,  exactly  in  the 
same  way  as  every  other  kind  of  fancy-loom  work,  and  is  transferred  from  the  paper 
to  the  mounting  by  the  rules  for  damask  weaving.  Suppose  that  a  double  web  is  so 
mounted  that  every  alternate  thread  of  the  one  may  be  raised,  so  as  to  form  a  suffi- 
cient shed-way  for  the  shuttle,  without  depressing  the  other  in  the  least.  Then  suppose 
another  web  placed  above  the  former,  at  such  a  distance  that  it  will  exactly  touch  the 
convexity  of  those  threads  of  the  former  which  are  raised.  Then,  if  the  threads  of 
the  latter  web  are  sunk  while  the  others  are  raised,  the  two  would  be  entirely  in- 
corporated. But  if  this  be  only  partially  done,  that  is,  at  particular  places,  only  those 
parts  immediately  operated  upon,  will  be  affected  by  the  action  of  the  apparatus. 
If  the  carpet  is  a  two-colored  pattern,  as  black  and  red,  and  if  upon  the  upper  sur- 
face, as  extended  in  the  loom,  red  flowers  are  to  be  represented  upon  a  black  ground, 
then  all  those  species  of  design  paper  which  are  colored  may  be  supposed  to  represent 
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the  red,  and  those  which  are  vacant  the  black.  Then  counting  the  spaces  upon  the 
paper,  omit  those  which  are  vacant,  and  cord  those  which  are  colored,  and  the  effect 
will  be  produced.  But  as  the  two  webs  are  to  be  raised  alternately,  whatever  is  corded 
for  the  first  handle  must  be  passed  by  for  the  second,  and  vice  xersa ;  so  thai  the  one  will 
form  the  flower,  and  the  other  the  ground. 

The  board  by  which  the  simples  are  regulated  appears  at  f.     d  shows  the  weights. 

CARTHAMUS,  or  safflower  (carthamus  tinclorius),  (Carthame,  Fr.  ;  F  rher  distel. 
Germ.),  the  flower  of  which  alone  is  used  in  dyeing,  is  an  annual  plant  cultivated  in 
Spain,  Egypt,  and  the  Levant.  There  are  two  varieties  of  it  —  one  which  has  large 
leaves,  and  the  other  smaller  ones.  It  is  the  last  which  is  cultivated  in  Egypt,  where  it 
forms  a  considerable  article  of  commerce. 

Carthamus  contains  two  coloring  matters,  one  yellow  and  the  other  red.  The  first 
alone  is  soluble  in  water ;  its  solutionis  aJwajs  turbid:  with  re-agents  it  exhibits  the 
characters  usually  remarked  in  yellow  coloring  matters.  The  acids  render  it  lighter, 
the  alkalis  deepen  it,  giving  it  more  of  an  orange  hue  :  both  produce  a  small  dun  pre- 
cipitate, in  consequence  of  which  it  becomes  clearer.  Alum  forms  a  precipitate  of  a  deep 
yellow,  in  small  quantity.  The  solution  of  tin  and  the  other  metallic  solutions  cause  pre- 
cipitates which  have  nothing  remarkable  in  them. 

The  yellow  matter  of  carthamus  is  not  employed  ;  but  in  order  to  extract  this  portion, 
the  carthamus  is  put  into  a  bag,  which  is  trodden  under  water,  till  no  more  color  can 
be  pressed  out.  The  flowers,  which  were  yellow,  become  reddish,  and  lose  in  this  opera 
tion  nearly  one  half  of  their  weight.     In  this  state  they  are  used. 

For  extracting  the  red  part  of  carthamus,  and  thereafter  applying  it  to  stuff,  the  prop- 
erty which  alkalis  possess  of  dissolving  it  is  had  recourse  to,  and  it  is  afterwards  pre- 
cipitated by  an  acid. 

The  process  of  dyeing  consists,  therefore,  in  extracting  the  coloring  matter  by  means  of 
an  alkali,  and  precipitating  it  on  the  stuff  by  means  of  an  acid.  It  is  this  fecula  which 
serves  for  making  the  rouge  employed  by  ladies. 

As  to  this  rouge,  the  solution  of  carthamus  is  prepared  with  crystallized  carbonate  of 
soda,  and  it  is  precipitated  by  lemon  juice.  It  has  been  remarked  that  lemons,  begin- 
ning to  spoil,  were  fitter  for  this  operation  than  those  which  were  less  ripe,  whose  juice 
retained  much  mucilage.  After  squeezing  out  the  lemon  juice,  it  is  left  to  settle  fur  some 
days.  The  precipitate  of  carthamus  is  dried  at  a  gentle  heat  upon  plates  of  stone-ware  ; 
from  which  it  is  detached  and  very  carefully  ground  with  talc,  which  has  been  reduced 
to  a  very  subtile  powder,  by  means  of  the  leaves  of  shave-grass  (presle),  and  successively 
passed  through  sieves  of  increasing  fineness.  It  is  the  fineness  of  the  talc,  and  the  greater 
or  less  proportion  which  it  bears  to  the  carthamus  precipitate,  which  constitute  the  dif- 
ference between  the  high  and  low  priced  rouges. 

Carthamus  is  used  for  dyeing  silk,  poppy,  nacarat  (a  bright  oranse-red),  cherry,  rose 
color,  and  flesh  color.  The  process  differs  according  to  the  intensity  of  the  color,  and 
the  greater  or  less  tendency  to  flame  color  that  is  wanted.  Eut  the  carthamus  bath, 
whose  application  may  be  varied,  is  prepai  ed  as  follows  : 

The  carthamus,  from  which  the  yellow  matter  has  been  extracted,  and  whose  lumps 
have  been  broken  down,  is  put  into  a  trough.  It  is  repeatedly  sprinkled  with  cendres 
gravelees  (crude  pearlashes),  or  soda  (barilla)  well  powdered  and  sifted  at  the  rate  of 
6  pounds  for  120  lbs.  of  carthamus;  but  soda  is  preferred,  mixing  carefully  as  the  alkali 
is  introduced.  This  operation  is  called  amestrer.  The  aniestred  carthamus  is  put  into 
a  small  trough  with  a  grated  bottom,  first  lining  this  trough  with  a  closely  woven  cloth. 
When  il  is  about  half  filled,  it  is  placed  over  the  large  trough,  and  cold  water  is  poured 
into  the  upper  one,  till  the  lower  becomes  full.  The  carthamus  is  then  set  over  another 
trough,  till  the  water  comes  from  it  almost  colorless.  A  little  more  alkali  is  now  mixed 
with  it,  and  fresh  water  is  passed  through  it.  These  operations  are  repeated  till  the  car- 
thamus be  exhausted,  when  it  turns  yellow. 

After  distributing  the  silk  in  hanks  upon  the  rods,  lemon  juice,  brought  in  casks  from 
Provence,  is  poured  into  the  bath  till  it  becomes  of  a  fine  cherry  color;  this  is  called 
turning  the  bath  (virer  le  bain).  It  is  well  stirred,  and  the  silk  is  immersed  and  turned 
round  the  skein-sticks  in  the  bath,  as  long  as  it  is  perceived  to  take  up  the  color.  For 
ponceau  (poppy  color),  it  is  withdrawn,  the  liquor  is  run  out  of  it  upon  the  peg,  and  it 
is  turned  through  a  new  bath,  where  it  is  treated  as  in  the  first.  Atlter  this  it  is  dried 
and  passed  through  fresh  baths,  continuing  to  wash  and  dry  il  between  each  operation, 
till  il  has  acquired  the  depth  of  color  that  is  desired.  When  it  has  reached  the  proper 
pomt,  abrightenins;  is  given  it  by  turning  it  round  the  sticks  seven  or  eight  times  in  a  bath 
of  hot  water,  to  which  about  half  a  pint  of  l^mon  juice  for  each  pailful  of  Avater  has  been 
added. 

When  silk  is  to  be  dyed  ponceau  or  flame  color,  it  must  be  previously  boiled  as  for 
white  ;  it  must  then  receive  a  slight  foundation  of  annotto,  as  explained  in  treating  of 
this  substance.    The  silk  should  not  be  alumed. 
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The  nacarats,  and  the  deep  cherry  colors,  are  given  precisely  like  the  ponceaux,  only 
they  receive  no  annotto  ground  ;  and  baths  may  be  employed  which  have  served  for  the 
ponceau,  so  as  to  complete  their  exhaustion.  Fresh  baths  are  not  made  for  the  latter 
colors,  unless  there  be  no  occasion  for  the  poppy. 

With  regard  to  the  lighter  cherry-reds,  rose  color  of  all  shades  and  flesh  colors,  they 
are  made  with  the  second  and  la^t  runnings  of  the  carthamus,  which  are  weaker.  The 
deepest  shades  are  passed  through  first. 

The  lightest  of  all  these  shades,  which  is  an  extremely  delicate  flesh  color,  requires  a 
little  soap  to  be  put  into  the  bath.  This  soap  lightens  the  color,  and  prevents  it  from 
taking  too  speedily,  and  becoming  uneven.  The  silk  is  then  washed,  and  a  little  bright- 
ening is  given  it,  in  a  bath  which  has  served  for  the  deeper  colors 

All  these  baths  are  employed  the  moment  they  are  made,  or  as  speedily  as  possible, 
because  they  lose  much  of  their  color  upon  keeping,  by  which  they  are  even  entirely 
destroyed  at  the  end  of  a  certain  time.  They  are,  moreover,  used  cold,  to  prevent  the 
color  from  being  injured.  It  must  have  been  remarked  in  the  experiments  just  described, 
that  the  caustic  alkalis  attack  the  extremely  delicate  color  of  carthamus,  making  it  pass 
to  yellow.  This  is  the  reason  why  crystals  of  soda  are  preferred  to  the  other  alka- 
line matters. 

In  order  to  diminish  the  expense  of  the  carthamus,  it  is  the  practice  in  preparing  the 
deeper  shades  to  mingle  with  the  first  and  the  second  bath  about  one  fifth  of  the  bath  of 
archil. 

Dobereiner  regards  the  red  coloring  matter  of  carthamus  as  an  acid,  and  the  yellow  as 
a  base.  His  carthamic  acid  forms,  with  the  alkalis,  colorless  salts,  decomposed  by  the 
tartaric  and  acetic  acids,  which  precipitate  the  acid  of  a  bright  rose-red.  Heat  has  a  re- 
markable influence  upon  carthamus,  rendering  its  red  color  yellow  and  dull.  Hence,  the 
colder  the  water  is  by  which  it  is  extracted,  the  finer  is  the  color.  Light  destroys  the 
color  very  rapidly,  and  hitherto  no  means  have  been  found  of  counteracting  this 
effect.  For  this  reason  this  brilliant  color  must  be  dried  in  the  shade,  its  dye  must  be 
given  in  a  shady  place,  and  the  silk  stuffs  dyed  with  it  must  be  preserved  as  much  as 
possible  from  the  light.  Age  is  nearly  as  injurious  as  light,  especially  upon  the  dye  in  a 
damp  state.  The  color  is  very  dear,  because  a  thousand  parts  of  carthamus  contain  only 
five  of  it. 

In  preparing  the  finest  rouge,  the  yellow  coloring  matter  being  separated  by  washing 
with  water,  the  red  is  then  dissolved  by  the  aid  of  alkali,  and  is  thrown  down  on  linen 
or  cotton  rags  by  saturating  the  solution  with  vegetable  acid.  The  color  is  rinsed  out  of 
these  rags,  dissolved  anew  in  alkalis,  and  once  more  precipitated  by  lemon  juice.  The 
best  and  freshest  carthamus  must  be  selected.  It  is  put  into  linen  bags,  which  are  placed 
in  a  stream  of  water,  and  kneaded  till  the  water  runs  oft'  colorless.  The  bags  are  then 
put  into  water  soured  with  a  little  vinegar,  kneaded  till  the  color  is  all  expelled,  and 
finally  rinsed  in  running  water.  By  this  treatment  the  carthamus  loses  nearly  half  its 
weight.  6633  cwts.  of  safflower  were  imported  into  the  United  Kingdom  in  1835,  of 
which  2930  cwts.  were  retained  for  internal  consumption. 

CASE-HARDEMING  is  the  name  of  the  process  by  which  iron  tools,  keys,  &c.,  have 
their  surfaces  converted  into  steel. 

Steel  when  very  hard  is  brittle,  and  iron  alone  is  for  many  purposes,  as  for  fine  keys, 
far  too  soft.  It  is  therefore  an  important  desideratum  to  combine  the  hardness  of  a 
steely  surface  with  the  toughness  of  an  iron  body.  These  requisites  are  united  by  the 
process  of  case-hardening,  which  does  not  differ  from  the  making  of  steel,  except  in  the 
shorter  duration  of  the  process.  Tools,  utensils,  or  ornaments,  intended  to  be  polished, 
are  first  manufactured  in  iron  and  nearly  finished,  after  which  they  are  put  into  an  iron 
box,  together  with  vegetable  or  animal  charcoal  in  powder,  and  cemented  for  a  certain 
time.  This  treatment  converts  the  external  part  into  a  coating  of  steel,  which  is  usually 
very  thin,  because  the  time  allowed  fur  the  cementation  is  much  shorter  than  when  the 
whole  substance  is  intended  to  be  converted.  Immersion  of  the  heated  pieces  into  water 
hardens  the  surface,  which  is  afterwards  polished  by  the  usual  methods.  Moxon,  in  his 
Mechanic  Exercises,  p.  56,  gives  the  following  receipt  for  case-hardening: — "Cow's  horn 
or  hoof  is  to  be  baked  or  thoroughly  dried  and  pulverized.  To  this  add  an  equal 
quantity  of  bay  salt ;  mix  them  with  stale  chamber-ley  or  white  wine  vinegar  :  cover 
the  iron  with  this  mixture,  and  bed  it  with  the  same  in  loam,  or  enclose  it  in  an  iron  box ; 
lay  it  on  the  hearth  of  the  forge  to  dry  and  harden  :  then  put  it  into  the  fire,  and  blow 
till  the  lump  have  a  blood-red  heat,  and  no  higher,  lest  the  mixture  be  burnt  too  much. 
Take  the  iron  out,  and  immerse  it  in  water  to  harden."  I  consider  the  vinegar  to  be 
quite  superfluous.  ♦ 

I  shall  now  describe  the  recent  application  of  prussiate  (ferrocyanate)  of  potash  to  this 
purpose.  The  piece  of  iron,  after  being  polished,  is  to  be  made  brightly  red-hot,  and 
then  rubbed  or  sprinkled  over  Avith  the  above  salt  in  fine  powder,  upon  the  part  intended 
to  be  hardened.     The  prussiate  being  decomposed,  and  apparently  dissipated,  the  iron  is 
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to  be  quenched  in  cold  water.  If  the  process  has  been  well  managed,  the  surface  of  the 
metal  will  have  become  so  hard  as  to  resist  the  file.  Others  propose  to  smear  over 
the  surface  of  the  iron  with  loam  made  into  a  thin  paste  with  a  strong  solution  of 
the  prussiate,  to  dry  it  slowly,  then  expose  the  whole  to  a  nearly  white  heat,  and 
finally  plunge  the  iron  into  cold  water,  when  the  heat  has  fallen  to  duU  redness.  See 
Steel. 

CASHMERE  or  CACHEMERE,  a  peculiar  textile  fabric  first  imported  from  the 
kingdom  of  Cashmere,  and  now  well  imitated  in  France  and  Great  Britain.  The 
material  of  the  Cashmere  shawls  is  the  downy  wool  found  about  the  roots  of  the  hair  of 
the  Thibet  goat.  The  year  1819  is  remarkable  in  the  history  of  French  husbandry  for 
the  acquisition  of  this  breed  of  goats,  imported  from  the  East  under  the  auspices  of  their 
government,  by  the  indefalisable  courage  and  zeal  of  M.  Jaubert,  who  encountered  every 
fatisue  and  danger  to  enrich  his  country  with  these  valuable  animals,  aided  by  the 
patriotism  of  M.  Ternaux,  who  first  planned  this  importation,  and  furnished  funds  for 
executing  it  at  his  own  expense  and  responsibility.  He  placed  a  portion  of  the  flock 
brought  by  M.  Jaubert,  at  his  villa  of  Saint  Ouen,  near  Paris,  where  the  climate  seemed 
to  be  very  favorable  to  ihem,  since  for  several  successive  years  after  their  introduction 
M.  Ternaux  was  enabled  to  sell  a  great  number  of  both  male  and  female  goats.  The 
quantity  of  fine  fleece  or  down  aflTorded  by  each  animal  annually,  is  from  a  pound  and  a 
half  to  two  pounds. 

The  wool  imported  into  Europe  comes  by  the  way  of  Casan,  the  capital  of  a  govern- 
ment of  the  Russian  empire  upon  the  eastern  bank  of  the  Wolga ;  it  has  naturally  a 
grayish  color,  but  is  easily  bleached.  Its  price  a  few  years  back  at  Paris  was  17  francs 
per  kilogramme;  that  is,  about  6  shillings  the  pound  avoirdupois.  The  waste  in  picking, 
carding,  and  spinning,  amounts  to  about  one  third  of  its  weight. 

The  mills  for  spinning  Cachemere  wool  have  multiplied  very  much  of  late  years  in 
France,  as  appears  from  the  premiums  distributed  at  the  exposition  of  1834,  and  the 
prices  of  the  yarn  have  fallen  from  25  to  30  per  cent,  notwithstanding  their  improved 
fineness  and  quality.  There  is  a  fabric  made  with  a  mixture  of  Cachemere  down  and 
spun  silk,  which  is  becoming  very  general.  One  of  the  manufacturers,  M.  Hindenlang, 
exhibited  samples  of  Cachemere  cloth  woven  with  yarn  so  fine  as  No.  130  for  warp,  and 
No.  228  for  weft. 

Messrs.  Pollino,  brothers,  of  Paris,  produced  an  assortment  of  Cachemere  pieces  from 
22  to  100  francs  the  yard,  dyed  of  every  fancy  shade.  Their  establishment  at  Ferte-Ber- 
nard  occupies  700  operatives,  with  an  hydiaulic  wheel  of  60  horse  power. 

The  oriental  Cashmere  shawls  are  woven  by  processes  extremely  slow  and  consequently 
costly;  whence  their  prices  are  very  high.  They  are  still  sold  in  Paris  at  from  4,000  to 
10,000  francs  a  piece ;  and  from  100  to  400  pounds  sterling  in  London.  It  became 
necessary,  therefore,  either  to  rest  satisfied  with  work  which  should  have  merely  a  surface 
appearance,  or  contrive  economical  methods  of  weaving,  to  produce  the  real  Cachemere 
style  with  much  less  labor.  By  the  aid  of  the  draw-loom,  and  still  better  of  the  Jacquard 
loom,  M.  Ternaux  first  succeeded  in  weaving  Cachemere  shawls  perfectly  similar  to  the 
oriental  in  external  aspect,  which  became  fashionable  under  the  name  of  French  Cache- 
mere.  But  to  construct  shawls  altogether  identical  on  both  sides  with  the  eastern,  was 
a  more  difficult  task,  which  was  accomplished  only  at  a  later  period  by  M.  Bauson  of 
Paris. 

In  both  modes  of  manufacture,  the  piece  is  mounted  by  reeding-in  the  warp  for  the 
difl^erent  leaves  of  the  heddles,  as  is  commonly  practised  for  warps  in  the  Jacquard  looms. 
The  weaving  of  imitation  shawls  is  executed,  as  usual,  by  as  many  shuttles  as  there  are 
colors  in  the  design,  and  which  are  thrown  across  the  warp  in  the  order  established  by 
the  reeder.  The  greater  number  of  these  weft  yarns  being  introduced  only  at  intervals 
into  the  web,  when  the  composition  of  the  pattern  requires  it,  they  remain  floating  loose 
at  the  back  of  the  piece,  and  are  cut  afterwards,  without  affecting  in  the  least  the  quality 
of  the  texture ;  but  there  is  a  considerable  waste  of  stuff  in  the  weaving,  which  is  worked 
up  into  carpets. 

The  weaving  of  the  imitation  of  real  Cachemere  shawls  is  diflferent  from  the  above. 
The  yarns  intended  to  form  the  weft  are  not  only  equal  in  number  to  that  of  the  colors 
of  the  pattern  to  be  imitated,  but  besides  this,  as  many  little  shuttles  or  pirns  (like  those 
used  by  embroiderers)  are  filled  with  these  yarns,  as  there  are  to  be  colors  repeated  in 
the  breadth  of  the  piece ;  which  renders  their  number  considerable  when  the  pattern  is 
somewhat  complicated  and  loaded  with  colors.  Each  of  these  small  bobbins  or  shuttles 
passes  through  only  that  portion  of  the  flower  in  which  the  color  of  its  yarn  is  to  appear, 
and  stops  at  the  one  side  and  the  other  of  the  cloth  exactly  at  its  limit ;  it  then  returns 
upon  itself  after  bavins:  crossed  the  thread  of  the  adjoining  shuttle.  From  this  recipro- 
cal intertexture  of  all  the  yarns  of  the  shuttles,  it  results,  that  although  the  weft  is 
composed  of  a  great  many  different  threads,  they  no  less  constitute  a  continuous  line  in 
the  whole  breadth  of  the  web,  upon  which  the  lay  or  batten  acts  in  the  ordinary  way 
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We  see,  therefore,  that  the  whole  art  of  manufacturing  this  Cachemere  cloth  consists  in 
avoiding  the  confusion  of  the  shuttles,  and  in  not  striking  up  the  lay  till  all  have  fulfilled 
their  function.  The  labor  does  not  exceed  the  strength  of  a  woman,  even  though  she  has 
to  direct  the  loom  and  work  the  treddles.  Seated  on  her  bench  at  the  end  opposite  to 
the  middle  of  the  beam,  she  has  for  aids  in  weaving  shawls  from  45  to  52  inches  wide, 
two  girl  apprentices,  whom  she  directs  and  instructs  in  their  tasks.  About  four  hundred 
days  of  work  are  required  for  a  Cachemere  shawl  of  that  breadth.  For  the  construction 
of  the  loom,  see  Jacquard. 

In  the  oriental  process,  all  the  figures  in  relief  are  made  simply  with  a  slender  pirn 
without  the  shuttle  used  in  European  weaving.  By  the  Indians  the  flower  and  its 
ground  are  made  with  the  pirn,  by  means  of  an  intertwisting,  which  renders  them  in 
some  measure  independent  of  the  warp.  In  the  Lyons  imitation  of  this  style,  the  leaves 
of  the  heddles  lift  the  yarns  of  the  warp,  the  needles  embroider  as  in  lappet  weaving, 
and  the  flower  is  united  to  the  warp  by  the  weft  thrown  across  the  piece.  Thus  a  great 
deal  of  labor  is  saved,  the  eye  is  pleased  with  an  illusion  of  the  loom,  and  the  shawls  cost 
little  more  than  those  made  by  the  common  fly  shuttle. 

Considered  in  reference  to  their  materials,  the  French  shawls  present  three  distinct 
classes,  which  characterize  the  three  fabrics  of  Paris,  Lyons,  and  Nimes. 

Paris  manufactures  the  French  Cachemere,  properly  so  called,  of  which  both  the  warp 
and  the  weft  are  the  yarn  of  pure  Cachemere  down.  This  web  represents  with  fidelity 
the  figures  and  the  shades  of  color  of  the  Indian  shawl,  which  it  copies  ;  the  deception 
would  be  complete  if  the  reverse  of  the  piece  did  not  show  the  cut  ends.  The  Hindoo 
shawl,  also  woven  at  Paris,  has  its  warp  in  spun  silk,  which  reduces  its  price  without 
impairing  its  beauty  much. 

Lyons,  however,  has  made  the  greatest  progress  in  the  manufacture  of  shawls.  It  ex- 
cels particularly  in  the  texture  of  its  Thibet  .shawls,  the  weft  of  which  is  yarn  spun  with 
a  mixture  of  wool  and  spun  silk. 

Nimes  is  remarkable  for  the  low  price  of  its  shawls,  in  which  spun  silk,  Thibet  down, 
and  cotton,  are  all  worked  up  together. 

The  value  of  shawls  exported  from  France  in  the  following  years  was — 


1831. 

1832. 

1833. 

Woollen   ------ 

Cachemere  down  -  - 
Spun  silk 

Francs. 

1,863,147 
433,410 
401,856 

Francs. 
2,070,926 
655,200 
351,152 

Friincs. 

4,319,601 
609,900 

408,824 

It  appears  that  M.  J.  Girard  at  Sevres,  near  Paris,  has  succeeded  best  in  producing 
Cachemere  shawls  equal  in  stuflf  and  style  of  work  to  the  oriental,  and  at  a  lower  price. 
They  have  this  advantage  over  the  Indian  shawls,  that  they  are  woven  without  seams,  in 
a  single  piece,  and  exhibit  all  the  variety  and  the  raised  effect  of  the  eastern  colors. 
Women  and  children  alone  are  employed  in  his  factory. 

CASK  (Tonneau,  Fr. ;  Fass,  Germ.),  manufacture  of  by  mechanical  power.  Mr. 
Samuel  Brown  obtained  a  patent  in  November,  1825,  for  certain  improvements  in 
machinery  for  making  casks,  which  seems  to  be  ingenious  and  worthy  of  record.  His 
mechanism  consists  in  the  first  place  of  a  circular  saw  attached  to  a  bench,  with  a  sliding 
rest,  upon  which  rest  each  piece  of  wood  intended  to  form  a  stave  of  a  cask  is  fixed  ; 
and  the  rest  being  then  slidden  forward  in  a  curved  direction,  by  the  assistance  of  an 
adjustable  guide,  brings  the  piece  of  wood  against  the  edge  of  the  rotatory  saw,  and  causes 
it  to  be  cut  into  the  curved  shape  required  for  the  edge  of  the  stave.  The  second  feature 
is  an  apparatus  with  cutters  attached  to  a  standard,  and  traversing  round  with  their 
carrier  upon  a  centre,  by  means  of  which  the  upper  and  lower  edges  of  the  cask  are  cut 
round  and  grooved,  called  chining,  for  the  purpose  of  receiving  the  heads.  Thirdly,  an 
apparatus  not  very  dissimilar  to  the  last,  by  which  the  straight  pieces  of  wood  designed 
for  the  heads  of  the  cask  are  held  together,  and  cut  to  the  circular  figure  required,  and 
also  the  bevelled  edges  produced.  And  fourthly,  a  machine  in  which  the  cask  is  made 
to  revolve  upon  an  axis,  and  a  cutting  tool  to  traverse  for  the  purpose  of  shaving  the 
external  part  of  the  cask,  and  bringing  it  to  a  smooth  surface. 

The  pieces  of  wood  intended  to  form  the  staves  of  the  cask,  having  been  cut  to  their 
required  length  and  breadth,  are  placed  upon  the  slide-rest  of  the  first  mentioned  machine, 
and  confined  by  cramps;  and  the  guide,  which  is  a  flexible  bar,  having  been  previously 
bent  to  the  intended  curve  of  the  stave  and  fixed  in  that  form,  the  rest  is  then  slidden 
forward  upon  the  bench  by  the  hand  of  the  workman,  which  as  it  advances  (moving  in  a 
curved  direction)  brings  the  piece  of  wood  against  the  edge  of  the  revolving  circular 
saw,  by  which  it  is  cut  to  the  curved  shape  desired. 

The  guide  is  a  long  bar  held  by  a  series  of  moveable  blocks  fitted  to  the  bench  by 
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screws,  and  is  bent  to  any  desired  curve  by  shifting  the  screws :  the  edge  of  the  slide-rests 
which  holds  the  piece  of  wood  about  to  be  cut,  runs  against  the  long  guide  bar,  and  of 
consequence  is  conducted  in  a  corresponding  curved  course.  The  circular  saw  receives 
a  rapid  rotatory  motion  by  means  of  a  band  or  rigger  from  any  first  mover ;  and  the  piece 
of  wood  may  be  shifted  laterally  by  means  of  racks  and  pinions  on  the  side-rest,  by  the 
workman  turning  a  handle,  which  is  occasionally  necessary  in  order -to  bring  the  piece 
of  wood  up  to,  or  away  from,  the  saw. 

The  necessary  number  of  staves  being  provided,  they  are  then  set  round  within  a 
confining  hoop  at  bottom,  and  brought  into  the  form  of  a  cask  in  the  usual  way,  and 
braced  by  temporary  hoops.  The  barrel  part  of  the  cask  being  thus  prepared,  in  order 
to  effect  the  chining,  it  is  placed  in  a  frame  upon  a  platform,  which  is  raised  up  by  a 
treddle  lever,  that  the  end  of  the  barrel  may  meet  the  cutters  in  a  sort  of  lathe  above  :  the 
cutlers  are  then  made  to  traverse  round  within  the  head  of  the  barrel,  and,  as  they  pro- 
ceed, occasionally  to  expand,  by  which  means  the  bevels  and  grooves  are  cut  on  the 
upper  edge  of  the  barrel,  which  is  called  chining.  The  barrel  being  now  reversed,  the 
same  apparatus  is  brought  to  act  against  the  other  end,  which  becomes  chined  in  like 
manner. 

The  pieces  of  wood  intended  to  form  the  heads  of  the  cask  are  now  to  be  cut  straight 
by  a  circular  saw  in  a  machine,  similar  to  the  first  described  ;  but  in  the  present  instance 
the  slide-rest  is  to  move  forward  in  a  straight  course.  After  their  straight  edges  are 
thus  produced,  they  are  to  be  placed  side  by  side,  and  confined,  when  a  scribing  cutter 
is  made  to  traverse  round,  and  cut  the  pieces  collectively  into  the  circular  form  desired 
for  heading  the  cask. 

The  cask  having  now  been  made  up,  and  headed  by  hand  as  usual,  it  is  placed  between 
centres,  or  upon  an  axle  in  a  machine,  and  turned  round  by  a  rigger  or  band  with  a 
shaving  cutter,  sliding  along  a  bar  above  it,  which  cutter,  being  made  to  advance  and 
recede  as  it  slides  along,  shaves  the  outer  part  of  the  cask  to  a  smooth  surface. 

CASSAVA.  Cassava  bread,  conaquc,  ^-c,  are  different  names  given  to  the  starch 
of  the  root  of  the  Manioc  {Jatropha  Manihot,  Linn.),  prepared  in  the  following  manner 
in  the  West  Indies,  the  tropical  regions  of  America,  and  upon  the  African  coast.  The 
tree  belongs  to  the  natural  family  of  the  euphorbiacetB. 

The  roots  are  washed,  and  reduced  to  a  pulp  by  means  of  a  rasp  or  grater.  The  pulp 
is  put  into  coarse  strong  canvass  bags,  and  thus  submitted  to  the  action  of  a  powerful 
press,  by  which  it  parts  with  most  of  its  noxious  juice  (used  by  the  Indians  for  poisoning 
the  barbs  of  their  arrows.)  As  the  active  principle  of  this  juice  is  volatile,  it  is  easily 
dissipated  by  baking  the  squeezed  cakes  of  pulp  upon  a  plate  of  hot  iron.  Fifty  pounds 
of  the  fresh  juice,  when  distilled,  afford,  at  first,  three  ounces  of  a  poisonous  water,  pos- 
sessing an  intolerably  offensive  smell ;  of  which,  35  drops  being  administered  to  a  slave 
convicted  of  the  crime  of  poisoning,  caused  his  death  in  the  course  of  six  minutes,  amid 
horrible  convulsions.* 

The  pulp  dried  in  the  manner  above  described  concretes  into  lumps,  which  become 
hard  and  friable  as  they  cool.  They  are  then  broken  into  pieces,  and  laid  out  in  the  sun 
to  dry.  In  this  state  they  afford  a  wholesome  nutriment,  and  are  habitually  used  as  such 
by  the  negroes,  as  also  by  many  white  people.  These  cakes  constitute  the  only  pro- 
visions laid  in  by  the  natives,  in  their  voyages  upon  the  Amazons.  Boiled  in  water  with 
a  little  beef  or  mutton  they  form  a  kind  of  soup  similar  to  that  of  rice. 

The  cassava  cakes  sent  to  Europe  (which  I  have  eate.n  v/ith  pleasure)  are  composed 
almost  entirely  of  starch,  along  with  a  few  fibres  of  the  ligneous  matter.  It  may  be 
purified  by  diffusion  through  warm  water,  passing  the  milky  mixture  through  a  linen 
cloth,  evaporating  the  strained  liquid  over  the  fire,  with  constant  agitation.  The  starch 
dissolved  by  the  heat,  thickens  as  the  water  evaporates,  but  on  being  stirred,  it  becomes 
granulated,  and  must  be  finally  dried  in  a  proper  stove.  Its  specific  gravity  is  1-530  — 
that  of  the  other  species  of  starch. 

The  product  obtained  by  this  treatment  is  known  in  commerce  under  the  name  of  ta- 
pioca ;  and  being  starch  very  nearly  pure,  is  often  prescribed  by  physicians  as  an  aliment 
of  easy  digestion.  A  tolerably  good  imitation  of  it  is  made  by  heating,  stirring,  and 
drying  potato  starch  in  a  similar  way. 

■  The  expressed  juice  of  the  root  of  manioc  contains  in  suspension  a  very  fine  fecula,  which 
it  deposites  slowly  upon  the  bottom  of  the  vessels.  When  freed  by  decantation  from  the  su- 
pernatant liquor,  washed  several  times  and  dried,  it  forms  a  beautiful  starch,  which 
creaks  on  pressure  with  the  fingers.  It  is  called  cipipa,  in  French  Guyana;  it  is 
employed  for  many  delicate  articles  of  cookery,  especially  pastry,  as  also  for  hair  powder, 
starching  linen,  &c. 

Cassava  flour,  as  imported,   may  be  distinguished  from  arrow-root  and  other  kinds 

*  Memoir  of  Dr.  Fermin,  communicated  to  the  Academy  of  Berlin  concerning  experiments  made  at  Cay- 
enne, upon  the  juice  of  the  Manioc. 
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of  starch,  by  the  appearance  of  its  particles  viewed  in  a  microscope.  They  are 
spherical,  all  about  1-lOOOth  of  an  inch  in  diameter,  and  associated  in  groups ;  those  of 
potato  starch  are  irregular  ellipsoids,  varying  in  size  from  l-300th  to  l-3000th  of  an 
inch  ;  those  of  arrow-root  have  the  same  shape  nearly,  but  vary  in  size  from  l-500lh  to 
l-800th  of  an  inch  ;  those  of  wheat  are  separate  spheres  1-lOOOih  of  an  inch. 

CASSIS,  the  black  currant  (ribes  nigra,  Linn.),  which  was  formerly  celebrated  for 
its  medicinal  properties,  with  very  little  reason. 

The  only  technical  use  to  which  it  is  now  applied  is  in  preparing  the  agreeable  liqueur 
called  ratafia,  by  the  following  French  recipe  :  —  Stone,  and  crush  three  pounds  of  black 
currants,  adding  to  the  magma  one  drachm  of  cloves,  two  of  cinnamon,  four  quarts  of  spirit 
of  wine,  at  18°  Baume  (see  Areomktke  of  Baume),  and  2^  pounds  of  sugar.  Put  the 
mixture  into  a  bottle  which  is  to  be  well  corked;  let  it  digest  for  a  fortnight,  shaking 
the  bottle  once  daily  during  the  first  eight  days;  then  strain  through  a  linen  cloth,  and 
finally  pass  through  filtering  paper. 

CASTING  OF  METALS.  (See  Founding.)  Casts  from  elastic  moulds.  — Being 
much  ensaged  in  taking  casts  from  anatomical  preparations,  Mr.  Douglas  Fox,  Surgeon, 
Derby,  found  great  difficulty,  principally  with  hard  bodies,  which,  when  undercut,  or 
having  considerable  overlaps,  did  not  admit  of  the  removal  of  moulds  of  the  ordinary 
kind,  except  with  injury.  These  difficulties  suggested  to  him  the  use  of  elastic  moulds, 
which,  giving  way  as  they  were  withdrawn  from  complicated  parts,  would  return  to 
their  proper  shape  ;  and  he  ultimately  succeeded  in  making  such  moulds  of  glue,  which 
not  only  relieved  him  from  all  his  difficulties,  but  were  attended  with  great  advantages, 
in  consequence  of  the  small  number  of  pieces  into  which  it  was  necessary  to  divide 
the  mould. 

The  body  to  be  moidded,  previously  oiled,  must  be  secured  one  inch  above  the  surface 
of  a  board,  and  then  surrounded  by  a  wall  of  clay,  about  an  inch  distant  from  its  sides. 
The  clay  must  also  extend  rather  higher  than  the  contained  body  :  into  this,  warm  melted 
glue,  as  thick  as  possible  so  that  it  will  run,  is  to  be  poured,  so  as  to  completely  cover 
the  body  to  be  moulded ;  the  glue  is  to  remain  till  cold,  when  it  will  have  set  into  an 
elastic  mass,  just  such  as  is  required. 

Having  removed  the  clay,  the  glue  is  to  be  cut  into  as  many  pieces  as  may  be  ne- 
cessary for  its  removal,  either  by  a  sharp-pointed  knife,  or  by  having  placed  threads  in 
the  requisite  situations  of  the  body  to  be  moulded,  which  may  be  drawn  away  when  the 
glue  is  set,  so  as  to  cut  it  out  in  any  direction. 

The  portions  of  the  glue  mould  having  been  removed  from  the  original,  are  to  be  placed 
together  and  bound  round  by  tape. 

In  some  instances  it  is  well  to  run  small  wooden  pegs  through  the  portions  of  glue,  so 
as  to  keep  them  exactly  in  their  proper  positions.  If  the  mould  be  of  considerable  size,  it  is 
better  to  let  it  be  bound  with  moderate  tightness  upon  a  board  to  prevent  it  bending 
whilst  in  use  ;  having  done  as  above  described,  the  plaster  of  Paris,  as  in  common  casting, 
is  to  be  poured  into  the  mould,  and  left  to  set. 

In  many  instances  wax  may  also  be  cast  in  glue,  if  it  is  not  poured  in  v('hilst  too  hot ; 
as  the  wax  cools  so  rapidly  when  applied  to  the  cold  glue,  that  the  sharpness  of  the  im- 
pression is  not  injured. 

Glue  has  been  described  as  succeeding  well  where  an  elastic  mould  is  alone  ap- 
plicable ;  but  many  modifications  are  admissible.  When  the  moulds  are  not  used  soon 
after  being  made,  treacle  should  be  previously  mixed  with  the  glue  (as  employed  by 
printers)  to  prevent  it  becoming  hard. 

The  description  thus  given  is  with  reference  to  moulding  those  bodies  which  cannot 
be  so  done  by  any  other  than  an  elastic  mould  ;  but  glue  moulds  will  be  found  greatly  to 
facilitate  casting  in  many  departments,  as  a  mould  may  be  frequently  taken  by  this 
method  in  two  or  three  pieces,  which  would  on  any  other  principle  require  many. 

CASTOR.  (Ens.  and  Fr. ;  Biber,  Germ.)  The  castor  is  an  amphibious  quad- 
ruped, inhabiting  North  America ;  also  found  in  small  numbers  in  the  islands  of  the 
Rhone.  In  the  arts,  the  skin  of  this  animal  is  employed  either  as  a  fur  or  as  affi)rding 
the  silky  hair  called  beaver,  with  which  the  best  hats  are  covered.  Beaver  skins,  which 
form  a  very  considerable  article  of  trade,  are  divided  into  3  sorts  :  1.  The  fresh  beaver 
skins  from  castors,  killed  in  winter  before  shedding  their  hair ;  these  are  most  in  Re- 
quest among  the  furriers,  as  being  the  most  beautiful.  2.  The  dry  or  lean  beavers  are 
the  skins  of  the  animals  killed  durmg  the  moulting  season  ;  they  are  not  much  esteemed, 
as  the  skin  is  rather  bare.  3.  The  fat  castors  :  these  are  the  skins  of  the  first  sort,  which 
have  been  worn  for  some  time  upon  the  persons  of  the  savages,  and  have  got  imbued  with 
their  sweat.  The  last  are  principally  used  in  the  hat  manufacture.  In  France,  the 
marine  otter  has  been  for  many  years  substituted  in  the  place  of  the  castor  oi 
beaver. 

CASTOR  or  CASTOREUM.     This  name  is  given  to  a  secretion  of  the  castors, 
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contained  in  pear-shaped  cellular  organic  sacs,  placed  near  the  genital  organs  of  both  the 
male  and  female  animals.  It  is  a  substance  analogous  to  civet  and  musk,  of  a  consist- 
ence similar  to  thick  honey.  It  has  a  bitter  acrid  taste ;  a  powerful,  penetrating,  fetid, 
and  very  volatile  smell ;  but,  when  dried,  it  becomes  inodorous.  Several  chemists,  and 
in  particular  Bouillon  Lagrange,  Laugier,  and  Hildebrandt,  have  examined  castor,  and 
found  it  to  be  composed  of  a  resin,  a  fatty  substance,  a  volatile  oil,  an  extractive  matter, 
benzoic  acid,  and  some  salts. 

The  mode  of  preparing  it  is  very  simple.  The  sacs  are  cut  off  from  the  castors  when 
they  are  killed,  and  are  dried  to  prevent  the  skin  being  alfected  by  the  weather.  In  this 
state,  the  interior  substance  is  solid,  of  a  dark  color,  and  a  faint  smell ;  it  softens  with 
heat,  and  becomes  brittle  by  cold.  Its  fracture  betrays  fragments  of  membranes,  indi- 
cating its  organic  structure.  When  chewed,  it  adheres  to  the  teeth  somewhat  like  wax ; 
it  has  a  bitter,  slightly  acrid,  and  nauseous  taste. 

The  castor  bags,  as  imported,  are  often  joined  in  pairs  by  a  kind  of  ligature.  Some- 
times the  substance  which  constitutes  their  value  is  sophisticated  ;  a  portion  of  the  cas- 
toreum  being  extracted,  and  replaced  by  lead,  clay,  gums,  or  some  other  foreign  matters. 
This  fraud  may  be  easily  detected,  even  when  it  exists  in  a  small  degree,  by  the  absence 
of  the  membranous  partitions  in  the  interior  of  the  bags,  as  well  as  by  the  altered  smell 
and  taste. 

The  use  of  castoreum  in  medicine  is  considerable,  especially  in  nervous  and  spasmodic 
diseases,  and  it  is  often  advantageously  combined  with  opium. 

CASTORINE.  A  chemical  principle  lately  discovered  to  the  amount  of  a  few  parts 
per  cent,  in  Castoreum. 

CASTOR  OIL.  The  expressed  oil  of  the  seeds  of  the  Palma  Christi,  or  Ricinus 
communis,  a  native  tree  of  the  West  Indies  and  South  America  ;  but  which  has  been  cul- 
tivated in  France,  Italy,  and  Spain.  Bussy  and  Lecanu  discovered  in  it  3  species  of 
fatty  matters,  obtained  partly  by  saponification,  and  partly  by  dry  distillation — the  mar- 
garitic,  ricinic,  and  elaiodic  acids.  None  of  these  has  been  separately  applied  to  any 
use  in  the  arts. 

The  quantity  of  castor  oil  imported  in  1835  into  the  United  Kingdom  was  1,109,307 
lbs.  ;  retained  for  home  consumption,  670,205  lbs.     See  Oils. 

CATECHU,  absurdly  called  Terra  Japonica,  is  an  extract  made  from  the  wood  of 
the  tree  viimosa  catechu,  which  grows  in  Bombay,  Bengal,  and  other  parts  of  India.  It 
is  prepared  by  boiling  the  chips  of  the  interior  of  the  trunk  in  water,  evaporating  the 
solution  to  the  consistence  of  sirup  over  the  fire,  and  then  exposing  it  in  the  sun  to 
harden.  It  occurs  in  flat  rough  cakes,  and  under  two  forms.  The  first,  or  the  Bombay, 
is  of  uniform  texture,  of  a  dark  red  color,  and  of  specific  gravity  1-39.  The  second 
is  more  friable  and  less  solid.  It  has  a  chocolate  color,  and  is  marked  inside  with  red 
streaks.     Its  specific  gravity  is  1-28. 

According  to  Sir  H.  Davy,  these  two  species  are  composed  as  follows : — 


Tannin  ------- 

Extractive      -         -                 ... 
Mucilage        -.--.. 
Insoluble  matters,  sand  and  lime 

Bombay. 

Bengal. 

54-5 
34-0 

6-5 

5 

48-5 
36-5 

8 

7 

100-0 

100-0 

Areka  nuts  are  also  found  to  yield  catechu ;  for  which  purpose  they  are  cut  into 
pieces  watered  in  an  earthen  pot  with  solution  of  nitre,  and  have  a  little  of  the  bark  of 
a  species  of  mimosa  added  to  them.  The  liquor  is  then  boiled  with  the  nuts,  and  afiFords 
an  inspissated  decoction. 

Good  catechu  is  a  brittle,  compact  solid,  of  a  dull  fracture.  It  has  no  smell,  but  a 
very  astringent  taste.  Water  dissolves  the  whole  of  it,  except  the  earthy  matter,  whicli 
IS  probably  added  during  its  preparation.  Alcohol  dissolves  its  tannin  and  extractive. 
The  latter  may  be  oxydized,  and  thus  rendered  insoluble  in  alcohol,  by  dissolving  the 
catechu  in  water,  exposing  it  for  some  time  to  a  boiling  heat,  and  evaporating  to 
dryness. 

The  tannin  of  catechu  differs  from  that  of  galls,  in  being  soluble  in  alcohol,  and  more 
soluble  in  water.  It  precipitates  iron  of  an  olive  color,  and  gelatin  in  a  mass  which 
gradually  becomes  brown. 

It  has  been  long  employed  in  India  for  tanning  skins,  where  it  is  said  to  effect  this  object 
in  five  days.  I  have  seen  a  piece  of  sole  leather  completely  tanned  by  it  in  this  country  in 
ten  days,  the  ox-hide  having  been  made  into  a  bag,  with  the  hair  outside,  and  kept  filled 
with  the  solution  of  catechu.     In  India  it  has  also  been  used  to  give  a  brown  dye  to 
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cotton  goods,  and  of  late  years  it  has  been  extensively  introduced  into  the  calico  print 
works  of  Europe.  The  salts  of  copper  with  sal  ammoniac  cause  it  to  give  a  bronze 
color,  which  is  very  fast;  the  proto-muriate  of  tin,  a  brownish  yellow;  the  per-chloride 
of  tin,  with  the  addition  of  nitrate  of  copper,  a  deep  bronze  hue;  acetate  of  alumina 
alone,  a  reddish  brown,  and,  with  nitrate  of  copper,  a  reddish  olive  gray  ;  nitrate  of  iron, 
a  dark  brown  gray.  For  dyeing  a  golden  cofiee  brown,  it  has  entirely  superseded  mad- 
der; one  pound  of  it  being  equivalent  to  six  pounds  of  this  root. 

A  solution  of  one  part  of  catechu  in  ten  parts  of  water,  which  is  reddish  brown, 
exhibits  the  following  results :  with — 

Acids      -        -        -        -    A  brightened  shade. 

Alkalis    -         -         -         -     A  darkened  shade. 

Proto-sulphate  of  iron      -     Olive  brown  precipitate. 

Per-sulphate  of  iron         -     Olive  green        do. 

Sulphate  of  copper  -        -    Yellowish  brown. 

Alum      -        -         -        -    A  brightening  of  the  liquor. 

Per-nitrale  of  iron  -        -     Olive  green  precipitate. 

Nitrate  of  copper     -        -    Yellowish  brown  do. 

Nitrate  of  lead        -         -    Salmon  do. 

Proto-nitrate  of  mercury  -    Milk-coffee  do. 

Muriate  of  alumina         -     Brown-yellow. 

Muriate  of  tin  -         -     Do.  do. 

'  Per-chloride  of  tin  -         -    Do.       darker. 

Corrosive  sublimate         -    Light  chocolate  do. 

Acetate  of  alumina  -         -     Brightening  of  the  liquor. 

Acetate  of  copper    -        -     Copious  brown  precipitate 

Acetate  of  lead        -        -     Salmon  colored        do. 

Bichromate  of  potash        -     Copious  brown         do. 
Pure  tannin  may  be  obtained  from  catechu,  by  treating  it  with  sulphuric  acid  and  car- 
bonate of  lead ;  but  this  process  has  no  manufacturing  application. 

CATGUT  (Corde  a  boyau,  Fr. ;  Darmsaite,  Germ.),  the  name  absurdly  enough  given 
to  cords  made  of  the  twisted  intestines  of  the  sheep.  The  guts  being  taken  while  warm 
out  of  the  body  of  the  animal,  are  to  be  cleared  of  feculent  matter,  freed  from  any  ad- 
hering fat,  and  washed  in  a  tub  of  water.  The  small  ends  of  all  the  intestines  ore 
next  to  be  tied  together,  and  laid  on  the  edge  of  the  tub,  while  the  body  of  them  is  left 
to  steep  in  some  water,  frequently  changed,  during  two  days,  in  order  to  loosen  the 
peritoneal  and  mucous  membranes.  The  bundle  of  intestines  is  then  laid  upon  a 
sloping  table  which  overhangs  the  tub,  and  their  surface  is  scraped  with  the  back  of  a 
knife,  to  try  if  the  external  membrane  will  come  away  freely  in  breadths  of  about  half 
the  circumference.  This  substance  is  called  by  the  French  manufacturers  filandre,  and 
the  process  filer.  If  we  attempt  to  remove  it  by  beginning  at  the  large  end  of  the 
intestine,  we  shall  not  succeed.  This  filandre  is  employed  as  thread  to  sew  intestines, 
and  to  make  the  cords  of  rackets  and  battledoors.  The  flayed  guts  are  put  again  into 
fresh  water,  and,  after  steepi«g  a  night,  are  taken  out  and  scraped  clean  next  day,  on  the 
wooden  bench  with  the  rounded  back  of  a  knife.  This  is  called  curing  the  gut.  The 
large  ends  are  now  cut  off,  and  sold  to  the  pork-butchers.  The  intestines  are  again 
steeped  for  a  night  in  fresh  water,  and  the  following  day  in  an  alkaline  lixivium  made 
by  adding  4  ounces  of  potash,  and  as  much  pearl-ash,  to  a  pail  of  water  containing  about 
3  or  4  imperial  gallons.  This  ley  is  poured  in  successive  quantities  upon  the  intestines, 
and  poured  off  again,  eifter  2  or  3  hours,  till  they  be  purified.  They  are  now  drawn 
several  tiires  through  an  open  brass  thimble,  and  pressed  against  it  with  the  nail,  in  or- 
der to  siiiouth  and  equalize  their  surface.  They  are  lastly  sorted,  according  to  their 
sizes,  to  suit  different  purposes. 

Whip-cord  is  made  from  the  above  intestines,  which  are  sewed  together  endwise  by  the 
filandre,  each  junction  being  cut  aslant,  so  as  to  make  it  strong  and  smooth.  The  cord 
is  put  into  the  frame,  and  each  end  is  twisted  separately  ;  for  whip-cord  is  seldom  made 
out  of  two  guts  twisted  together.  When  twisted,  it  is  to  be  sulphured  (see  Sulphuring) 
once  or  twice.  It  may  also  be  dyed  black  with  common  ink,  pink  with  red  ink,  which 
the  sulphurous  acid  changes  to  pink,  and  green  with  a  green  dye  which  the  color  dealers 
sell  for  the  purpose.  The  guts  take  the  dyes  readily.  Afiei  being  well  smoothed,  the 
cord  is  to  be  dried,  and  coiled  up  for  sale. 

Hatters'"  cords  for  bowstrings. — The  longest  and  largest  intestines  of  sheep,  after  being 
properly  treated  with  the  potash,  are  to  be  twisted  4,  6,  8,  10,  or  12  together,  according 
to  the  intended  size  of  the  cord,  which  is  usually  made  from  15  to  25  feet  long.  This 
cord  must  be  free  from  seams  and  knots.  When  half  dry,  it  must  be  exposed  twice  to 
the  fumes  of  burning  sulphur;  and,  after  each  operation,  it  is  to  be  well  stretched  and 
smoothed:  it  should  be  finally  dried  in  a  state  of  tension. 

Clockmaker's  cord. — This  cord  should  be  extremely  thin,  and  be  therefore  made  from 
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very  small  intestines,  or  from  intestines  slit  up  in  their  length  by  a  knife  fitted  for  the 
purpose;  being  a  kind  of  lancet  surmounted  with  a  ball  of  lead  or  wood.  The  wet  gat 
is  strained  over  the  ball  which  guides  the  knife,  and  the  two  sections  fall  down  into  a 
vessel  placed  beneath.  Each  hand  pulls  a  section.  Clockmakers  also  make  use  of 
stronger  cords  made  of  2  or  more  guts  twisted  together. 

Fiddle  and  harp  strings.  — These  require  the  greatest  care  and  dexterity  on  the  part 
of  the  workmen.  The  treble  strings  are  peculiarly  difficult  to  make,  and  are  best  made 
at  Naples,  probably  because  their  sheep,  from  their  small  size  and  leanness,  afford  the 
best  raw  material. 

The  first  scraping  of  the  guts  intended  for  fiddle-strings  must  be  very  carefully  performed ; 
and  the  alkaline  leys,  being  clarified  with  a  little  alum,  are  added,  in  a  prosressively  stronger 
state  from  day  to  day,  during  4  or  5  days,  till  the  guts  be  well  bleached  and  swollen. 
They  must  then  be  passed  through  the  thimble,  and  again  cleansed  M-ith  the  lixivium; 
after  which  they  are  washed,  spun,  or  twisted  and  sulphured  during  twohoms.  They  are 
finally  polished  by  friction,  and  dried.  Sometimes  they  are  sulphured  twice  or  thrice 
before  being  dried,  and  are  polished  between  norse-hair  cords. 

It  has  been  long  a  subject  of  complaint,  as  well  as  a  serious  inconvenience  to  mu- 
sicians, that  catgut  strings  cannot  be  made  in  England  of  the  same  goodness  and  strength 
as  those  imported  from  Italy.  These  are  made  of  the  peritoneal  covering  of  the  in- 
testines of  the  sheep;  and,  in  this  country,  they  are  manufactured  at  Whitechapel,  and 
probably  elsewhere  in  considerable  quantity  ;  the  consumption  of  them  for  harps,  as 
well  as  for  the  instruments  of  the  violin  family,  being  very  great.  Their  chief  fault  is 
weakness ;  whence  it  is  difficult  to  bring  the  smaller  ones,  required  for  the  higher  notes, 
to  concert  pitch  ;  maintaining  at  the  same  time,  in  their  form  and  conslruction,  that 
tenuity  or  smallness  of  diameter,  which  is  required  to  produce  a  brilliant  and  clear  tone. 

The  inconvenience  arising  from  their  breaking  when  in  use,  and  the  expense  in  the 
case  of  harps,  where  so  many  are  required,  are  such  as  to  render  it  highly  desirable  to 
improve  a  manufacture  which,  to  many  individuals  may,  however,  appear  sufficiently  con- 
temptible. 

It  is  well  known  to  physiologists,  that  the  membranes  of  lean  animals  are  far  more 
tough  than  of  those  animals  which  are  fat  or  in  high  condition ;  and  there  is  no  reason  to 
doubt  that  the  superiority  of  the  Ita.lian  strings  arises  from  the  state  of  the  sheep  in  that 
country.  In  London,  where  no  lean  animals  are  slaughtered,  and  where,  indeed,  an 
extravagant  and  useless  degree  of  faltenin?,  at  least  for  the  purpose  of  food,  is  given  to 
sheep  in  particular,  it  is  easy  to  comprehend  why  their  membranes  can  never  afford  a 
material  of  the  requisite  tenacity.  It  is  less  easy  to  suggest  an  adequate  remedy;  but  a 
knowledge  of  the  general  principle,  should  this  notice  meet  the  eyes  of  those  interested  in 
the  subject,  may  at  least  seiwe  the  purpose  of  diminishing  the  evil  and  improving  the  ma- 
nufacture, by  inducing  them  to  choose  in  the  market  the  offal  of  such  carcasses  asajipear 
least  overburdened  with  fat.  It  is  probable  that  such  a  manufacture  might  be  advan- 
tageously established  in  those  parts  of  the  country  where  the  fashion  has  not,  as  in 
London,  led  to  the  use  of  meat  so  much  overfed;  and  it  is  equally  likely,  that  in  the 
choice  of  sheep  for  this  purpose,  advantage  would  arise  from  using  the  Welch,  the  High- 
land, or  the  Southdown  breeds,  in  preference  to  those  which,  like  the  Lincoln,  are  prone 
to  excessive  accumulations  of  fat.  It  is  equally  probable,  that  sheep  dying  of  some 
of  f\e  diseases  accompanied  by  emaciation,  would  be  peculiarly  adapted  to  this 
pury  ^se. 

That  these  suggestions  are  not  merely  speculative  is  proved  by  comparing  the  strength 
of  the  membranes  in  question,  or  that  of  the  other  membranous  parts,  in  the  unfattened 
Highland  sheep,  with  that  of  those  found  in  the  London  markets. 

CATHARTINE.  The  name  proposed  by  MM.  Feneulle  and  Lassaigne  for  a  chemi- 
cal principle,  which  they  suppose  to  be  the  active  constituent  of  senna. 

CAUSTIC.  Any  chemical  substance  corrosive  of  the  skin  and  flesh  ;  as  potash,  called 
common  caustic,  and  nitrate  of  silver,  called  lunar  caustic,  by  surgeons. 

CAVIAR.  The  salted  roe  of  certain  species  of  fish,  especially  the  sturgeon.  This 
product  forms  a  considerable  article  of  trade,  being  exported  annually  from  the  town  of 
Astrachan  alone,  upon  the  shores  of  the  Caspian  sea,  to  the  amount  of  several  hundred 
tons.  The  Italians  first  introduced  it  into  Eastern  Europe  from  Constantinople,  under 
the  name  of  caviale.  Russia  has  now  monopolized  this  branch  of  commerce.  It  is  pre- 
pared in  the  following  manner  :  — 

The  female  sturgeon  is  gutted  ;  the  roe  is  separated  from  the  other  parts,  and  cleaned 
bypassing  it  through  a  very  fine  searce,  by  rubbing  it  into  a  pulp  between  the  hands; 
this  is  afterwards  thrown  into  tubs,  with  the  addition  of  a  considerable  quantity  of  salt; 
the  whole  is  then  well  stirred,  and  set  aside  in  a  warm  apartment.  There  is  another 
sort  of  caviar,  the  compressed,  in  which  the  roe,  after  having  been  cured  in  strong  brine, 
is  dried  in  the  sun,  then  put  into  a  cask,  and  subjected  to  strong  pressure. 
CAWK.     The  English  miner's  name  for  sulphate  of  baryta,  or  heavy  spar. 
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CEDRA  {Cedrat,  Fr.)  is  the  fruit  of  a  species  of  orange,  citron,  or  lemon,  a  tree  which 
bears  the  same  name.  Its  peel  is  very  thick,  and  covered  with  an  epidermis  which  en- 
closes a  very  fragrant  and  highly  prized  essential  oil.  The  preserves  flavored  with  it 
are  very  agreeable.  The  citrons  are  cut  into  quarters  for  the  dry  comfits,  but  are  put  whole 
into  the  liquid  ones.  The  liquorist-perfumer  makes  with  the  peel  of  the  cedra  an  ex- 
cellent liqueur ;  for  which  purpose,  he  plucks  them  before  they  are  quite  ripe ;  grates 
down  the  peel  into  a  little  brandy,  or  cuts  them  into  slices,  and  infuses  these  in  the 
spirits.  This  infusion  is  distilled  for  making  perfume;  but  the  flavor  is  better  wher. 
the  infusion  itself  is  used.     See  Essences,  Liquorist,  Perfumery. 

C'ELESTINE.  Native  sulphate  of  strontia,  found  abundantly  near  Bristol,  in  the 
red  marl  formation.  It  is  decomposed,  by  ignition  with  charcoal,  into  sulphuret  of 
strontia,  which  is  converted  into  nitrate  by  saturation  with  nitric  acid,  evaporation,  and 
crystallization.  This  nitrate  is  employed  for  the  production  of  the  red  light  in  theatrical 
fire-works. 

CEMENTATION.  A  chemical  process,  which  consists  in  imbedding  a  solid 
body  in  a  pulverulent  matter,  and  exposing  both  to  ignition  in  an  earthen  or  metallic 
case.  In  this  way,  iron  is  cemented  with  charcoal  to  form  steel,  and  bottle  glass  with 
gypsum  powder,  or  sand,  to  Ibrm  Reaumur's  porcelain. 

CEMENTS.  (Ciments,  Fr. ;  Cdmenle,  Kitte,  Germ.)  Substances  capable  of  taking  the 
liquid  form,  and  of  being  in  that  state  applied  between  the  surfaces  of  two  bodies,  so  as  to 
unite  them  by  solidifying.  They  may  be  divided  into  two  classes,  those  which  are  applied 
through  the  agency  of  a  liquid  menstruum,  such  as  water,  alcohol,  or  oil,  and  those  which 
are  applied  by  fusion  with  heat. 

The  diamond  cexaenl  for  uniting  broken  pieces  of  china,  glass,  &c.,  which  is  sold  as  a 
secret  at  an  absurdly  dear  price,  is  composed  of  isinglass  soaked  in  water  till  it  becomes 
soft,  and  then  dissolved  in  proof  spirit,  to  which  a  little  gum  resin,  ammoniac,  or  galba- 
num,  and  resin  mastic  are  added,  each  previously  dissolved  in  a  minimum  of  alcohol. 
When  to  be  applied,  it  must  be  gently  heated  to  liquefy  it ;  and  it  should  be  kept  for 
use  in  a  well-corked  vial.  A  glass  stopper  would  be  apt  to  fix  so  as  not  to  be  remove- 
able.  This  is  the  cement  employed  by  the  Aimenian  jewellers  in  Turkey  for  glue- 
ing the  ornamental  stones  to  trinkets  of  various  kinds.  When  well  made  it  resists 
moisture. 

Shellac  dissolved  in  alcohol,  or  in  a  solution  of  borax,  forms  a  pretty  good  cement. 
White  of  egg  alone,  or  mixed  with  finely  sifted  quicklime,  will  answer  for  uniting 
objects  which  are  not  exposed  to  moisture.  The  latter  combination  is  very  strong,  and 
is  much  employed  for  joining  pieces  of  spar  and  marble  ornaments.  A  similar  com- 
position is  used  by  copper-smiths  to  secure  the  edges  and  rivets  of  boilers ;  only  bullock's 
blood  is  the  albuminous  matter  used  instead  of  white  of  egg.  Another  cement  in  which 
an  analogous  substance,  the  curd  or  caseum  of  milk  is  employed,  is  made  by  boiling 
slices  of  skim-milk  cheeses  into  a  gluey  consistence  in  a  great  quantity  of  water,  and 
then  incorporating  it  with  quicklime  on  a  slab  with  a  muller,  or  in  a  marble  mortar. 
When  this  compound  is  applied  warm  to  broken  edges  of  stoneware,  it  unites  them  very 
firmly  after  it  is  cold. 

A  cement  which  gradually  indurates  to  a  stony  consistence  may  be  made  by  mixing 
20  parts  of  clean  river  sand,  two  of  litharge,  and  one  of  quicklime,  into  a  thin  putty 
with  linseed  oil.  The  quicklime  may  be  replaced  with  litharge.  When  this  cement  is 
applied  to  mend  broken  pieces  of  stone,  as  steps  of  stairs,  it  acquires  after  some  time  a 
stony  hardness.  A  similar  composition  has  been  applied  to  coat  over  brick  walls,  under 
the  name  of  mastic. 

The  iron-rust  cement  is  made  of  from  50  to  100  parts  of  iron  borings,  pounded  and 
sifted,  mixed  with  one  part  of  sal-ammoniac,  and  when  it  is  to  be  applied  moistened  with 
as  much  water  as  will  give  it  a  pasty  consistency.  Formerly  flowers  of  sulphur  were  used, 
and  much  more  sal-ammoniac  in  making  this  cement,  but  with  decided  disadvantage,  as 
the  union  is  eS'ected  by  the  oxydizement,  consequent  expansion  and  solidification  of  the 
iron  powder,  and  any  heterogeneous  matter  obstructs  the  eflfect.  The  best  proportion  of 
sal-ammoniac  is,  I  believe,  one  per  cent,  of  the  iron  borings.  Another  composition  of  the 
same  kind  is  made  by  mixing  4  parts  of  fine  borings  or  filings  of  iron,  2  parts  of  potter's 
clay,  and  1  part  of  pounded  potsherds,  and  making  them  into  a  paste  with  salt  and 
water.  When  this  cement  is  allowed  to  concrete  slowly  on  iron  joints,  it  becomes  very 
Hard. 

For  making  architectural  ornaments  in  relief,  a  moulding  composition  is  formed  of 
chalk,  glue,  and  paper  paste.  Even  statues  have  been  made  with  it,  the  paper  aiding  the 
cohesion  of  the  mass. 

Mastics  of  a  resinous  or  bituminous  nature  which  must  be  softened  or  fused  by  heal 
are  the  following :  — 

Mr.  S.  Varley's  consists  of  sixteen  parts  of  whiting  sifted  and  thoroughly  dried  by  a 
red  heat,  adding  when  cold  a  melted  mixture  of  16  parts  of  black  rosin  and  1  of  bees'-way, 
and  stirring  well  during  the  cooling. 
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Mr.  Singer's  electrical  and  chemical  apparatus  cement  consists  of  5  lbs.  of  rosin,  1  of 
bees'-wax,  1  of  red  ochre,  and  two  table-spoonsful  of  Paris  plaster,  all  melted  together. 
A  cheaper  one  for  cementing  voltaic  plates  into  wooden  troughs  is  made  with  6  pounds 
of  rosin,  1  pound  of  red  ochre,  |  of  a  pound  of  plaster  of  Paris,  and  |  of  a  pound  of  lin- 
seed oil.  The  ochre  and  the  plaster  of  Paris  should  be  calcined  beforehand,  and  added 
to  the  other  ingredients  in  their  melted  state.  The  thinner  the  stratum  of  cement  that 
is  interposed,  the  stronger,  generally  speaking,  is  the  junction. 

Boiled  linseed  oil  and  red  lead  mixed  together  into  a  putty  are  often  used  by  copper- 
smiths and  engineers,  to  secure  joints.  The  washers  of  leather  or  cloth  are  smeared 
with  this  mixture  in  a  pasty  state. 

The  resin  mastic  alone  is  sometimes  used  by  jewellers  to  cement  by  heat  cameos  of 
•white  enamel  or  colored  glass  to  a  real  stone,  as  a  ground  to  produce  the  appearance  of 
an  onyx.  Mastic  is  likewise  used  to  cement  false  backs  or  doublets  to  stones,  to  alter 
their  hue. 

Melted  brimstone,  either  alone,  or  mixed  with  rosin  and  brick  dust,  forms  a  tolerably 
good  and  very  cheap  cement. 

Plumber's  cement  consists  of  black  rosin  one  part,  brick  dust  two  parts,  well  incorpo- 
rated by  a  melting  heat. 

The  cement  of  dihl  for  coating  the  fronts  of  buildings  consists  of  linseed  oil,  rendered 
dry  by  boiling  with  litharge,  and  mixed  with  porcelain  clay  in  fine  powder,  to  give  it  the 
consistence  of  stiff  mortar.  Pipe-clay  would  answer  equally  well  if  well  dried,  and  any 
color  might  be  given  with  ground  bricks,  or  pottery.  A  little  oil  of  turpentine  to  thin 
this  cement  aids  its  cohesion  upon  stone,  brick,  or  \*5od.  It  has  been  applied  to  sheets 
of  wire  cloth,  and  in  this  state  laid  upon  terraces,  in  order  to  make  them  water  tight;  but 
it  is  little  less  expensive  than  lead. 

The  bituminous  or  black  cement  for  bottle-corks  consists  of  pitch  hardened  by  the  ad- 
dition of  rosin  and  brick-dust. 

In  certain  localities  where  a  limestone  impregnated  with  bitumen  occurs,  it  is  dried, 
ground,  sifted,  and  then  mixed  with  about  its  own  weight  of  melteil  pitch,  either  mineral, 
vegetable,  or  that  of  coal  tar.  When  this  mixture  is  getting  semifluid,  it  may  be  moulded 
into  large  slabs  or  tiles  in  wooden  frames  lined  with  sheet  iron,  previously  smeared  over 
with  common  lime  mortar,  in  order  to  prevent  adhesion  to  the  moulds,  which,  being  in 
moveable  pieces,  are  easily  dismounted  so  as  to  turn  out  the  cake  of  artificial  bituminous 
stone.  This  cement  is  manufactured  upon  a  great  scale  in  many  places,  and  used  for 
making  Italian  terraces,  covering  the  floors  of  balconies,  flat  roofs,  water  reservoirs,  water 
conduits,  &c.  When  laid  down,  the  joints  must  be  well  run  together  with  hot  irons.  The 
floor  of  the  terrace  should  be  previously  covered  with  a  layer  of  Paris  plaster  or  common 
mortar,  nearly  an  inch  thick,  with  a  regular  slope  of  one  inch  to  the  yard.  Such  bitumin- 
ous cement  weighs  144  pounds  the  cubic  foot;  or  a  foot  of  square  surface,  one  inch  thick, 
weighs  12  pounds.  Sometimes  a  second  layer  of  these  slabs  or  tiles  is  applied  over  the 
first,  with  the  precaution  of  making  the  seams  or  joints  of  the  upper  correspond  with  the 
middle  of  the  under  ones.  Occasionally  a  bottom  bed,  of  coarse  cloth  or  gray  paper,  is 
applied.  The  larger  the  slabs  are  made,  as  far  as  they  can  be  conveniently  transported 
and  laid  down,  so  much  the  better.     For  hydraulic  cements,  see  Mortar. 

CERASIN.  The  name  given  by  Dr.  John  to  those  gums  which  swell,  but  do  not 
dissolve  in  water ;  such  as  gum  tragacanth.  It  is  synonymous  with  Bassorine, 
which  see. 

CERATE,  from  cera,  wax.  An  unguent,  of  rather  a  stiflT  consistence,  made  of  oil,  or 
lard  and  wax,  thickened  occasionally  with  pulverulent  matters. 

CERINE.  A  substance  which  forms  from  70  to  80  per  cent,  of  bees'-wax.  It  may 
be  obtained  by  digesting  wax,  for  some  time,  in  spirit  of  wine,  at  a  boiling  temperature. 
The  myricine  separates,  while  the  cerine  remains  dissolved,  and  may  be  obtained  from 
the  decanted  liquor  by  evaporation.  Cerine  is  white,  analogous  to  wax,  fusible  at 
134°  F.,  hardly  acted  upon  by  hot  nitric  acid,  but  is  readily  carbonized  by  hot  sul- 
phuric acid.  When  treated  with  caustic  alkaline  ley,  it  is  converted  into  margaric  acid 
and  ceraine. 

CERIUM.  A  peculiar  metal  discovered  in  the  rare  mineral,  called  cerite,  found 
only  in  the  copper  mine  of  Bastnaes,  near  Riddarhytta,  in  Sweden.  Cerium,  extracted 
from  its  chloride  by  potassium,  appears  as  a  dark  red  or  chocolate  powder,  which  as- 
sumes a  metallic  lustre  by  friction.  It  does  not  conduct  electricity  well,  like  other 
metals;  it  is  infusible;  its  specific  gravity  is  unknown.  It  has  been  applied  to  no  use 
in  the  arts. 

CERUSE.    A  name  of  white  lead.    See  Lead. 

CETINE.     The  name  given  by  Chevreul  to  spermaceti. 

CHAINWORK  is  a  peculiar  style  of  textile  fabric,  to  which  hosiery  and  tambouring 
belon?.     See  Hosiery. 

CHALK.     {Crave,  Fr. ;  Kreide,  Germ.)     A  friable  carbonate  of  lime,  white,  opaque, 
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soft,  dull,  or  without  any  appearance  of  polish  in  its  fracture.  Its  specific  gravity  varies 
from  2"4  to  2-6.  It  usually  contains  a  little  silica,  alumina,  and  0x5  de  of  iron.  It 
may  be  purified  by  trituration  and  elutriation.  The  silicious  and  ferruginous 
matters  subside  first,  and  the  finer  chalky  particles  floating  in  the  supernatant  liquid, 
may  be  decanted  with  it,  and  obtained  by  subsidence.  When  thus  purified,  it  is  called 
whitening  and  Spanish  white,  in  England ;  schlemmkreide,  in  Germany ;  blanc  de 
Troyes,  and  blanc  de  Meudon,  in  France.  Pure  chalk  should  dissolve  readily  in  dilute 
muriatic  acid,  and  the  solution  should  afford  no  precipitate  with  water  of  am- 
monia. 

CHALK-J5/rtcfc.     A  mineral,  called  also  drawing-slate. 

CHALK-Fre»ic/i.     Steatite,  or  soap-stone  ;  a  soft  magnesian  mineral. 

CHALK-iJcd.  A  clay  colored  with  the  peroxyde  of  iron,  of  which  it  contains  about 
17  per  cent. 

CHARCOAL.  The  fixed  residuum  of  vegetables  exposed  to  ignition  out  of  contact  of 
air.  In  the  article  Carbon,  I  have  described  the  general  properties  of  charcoal  and  the 
simplest  mode  of  making  it.  I  shall  here  detail  the  best  systems  of  manufacturing  this 
product  upon  the  continent  of  Europe. 

To  carbonize  wood  under  a  moveable  covering,  the  plan  of  mei7er,or  heaps,  is  employed 

very  much  in  Germany.     The  wood  is  arranged  either  in  horizontal  layers,  or  in  nearly 

vertical  ones,  with  a  slight  slope,  so  as  to  form  conical  rounded  heaps  of  diflferent  sizes. 

The  former  are  called  lying  meiler,fig.  272 ;  the  latter  standing  meiler,  figs.  273.  and  274, 
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Both  are  distributed  in  much  the  same  way. 

In  districts  where  the  wood  can  be  transported  into  one  place  by  means  of  rivers,  or 
mountain-slides,  a  dry  flat  space  must  be  pitched  upon,  screened  from  storms  and  floods, 
which  may  be  walled  round,  having  a  slight  declivity  made  in  the  ground,  toward  the 
centre.  See  fig.  275.  Into  this  space  the  tarry  acid  will  partially  fall,  and  may  be 
conducted  outward,  tlirough  a  covered  gutter  beneath,  into  a  covered  tank.  The 
mouth  of  the  tank  must  be  shut,  during  the  coaking,  with  an  iron  or  stone  slab,  luted 
with  clay.     A  square  iron  plate  is  placed  over  the  inner  orifice  of  the  gutter,  to  prevent 

it  being  choked  with  coal  ashes. 
Fig.  275  represents  a  walled  meiler 
station  ;  a,  the  station  ;  6,  the 
gutter  ;  c,  the  tank,  which  is  cov- 
ered with  the  slab  d  ;  e,  a.  slab 
which  serves  to  keep  the  gutter 
clear  of  coals.  The  cover  of  the  heaps  is  formed  of  earth,  sand,  ashes,  or  such  other 
matter  as  may  be  most  readily  found  in  the  woods.  They  should  be  kindled  in  the  cen- 
tre. From  6  days  to  4  weeks  may  be  required  for  charring  a  heap,  according  to  its  size  ; 
hard  wood  requiring  most  lime  ;  and  the  slower  the  process,  the  better  and  greater  is  the 
product,  generally  speaking. 
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Charring  of  wood  in  mounds 
(Havfe  or  liegende  werke),  figs.  276 
and  277,  differs  from  that  in  the 
vieUer,  because  the  wood  in  the 
haufe  is  successively  charred,  and 
the  charcoal  is  raked  out  by  little 
and  little.  The  product  is  said 
to  be  greater  in  this  way,  and  also 
better.  Uncleft  billets,  6  or  8 
feet  long,  being  laid  over  each 
other,  are  covered  with  ashes,  and 
then  carbonized.  The  station  is 
sometimes  horizontal,  and  some- 
times made  to  slope.  The  length 
may  be  24  feet,  the  breadth  8 
feet  ;    and  the   wood    is  laid   cross- 


CHICA. 


283 


wise.  Piles  are  set  perpendicularly  to  support  the  roof,  made  of  boughs  and  leaves, 
covered  with  ashes.  Pipes  are  occasionally  laid  within  the  upper  part  of  the  mounds, 
which  serve  to  catch  and  carry  off  some  of  the  liquid  products  into  proper  tanks. 

Fig.  278  is  a  vertical  section, 
and  fig.  279,  a  half  bird's-eye  view, 
and  half  cross  section,  at  the  height 
of  the  pit-bottom,  of  Chabeaus- 
siere's  kiln  for  making  wood  char- 
coal, a  is  the  oven ;  b,  vertical 
air-pipes ;  c  c,  horizontal  flues  for 
admitting  air  to  the  kiln ;  d  d, 
small  pits  which  communicate  by 
short  horizontal  pipes  e  e,  with  the 
vertical  ones ;  /,  the  sole  of  the 
kiln,  a  circle  of  brickwork,  upon 
which  the  cover  or  hood  h  reposes; 
i,  a  pipe  which  leads  to  the  cistern 
k;  I,  the  pipe  destined  for  carrying 
off  the  gaseous  matter ;  m  m,  holes 
in  the  iron  cover  or  lid. 

The  distribution  of  the  wood  is 
like  that  in  the  horizontal  metiers, 
or  heaps  j  it  is  kindled  in  the  cen- 
tral vertical  canal  with  burning 
fuel,  and  the  lid  is  covered  with 
a  few  inches  of  earth.  At  the  be- 
ginning of  the  operation  all  the 
draught  flues  are  left  open,  but 
they  are  progressively  closed,  as 
occasion  requires.  In  eight  kilns 
of  this  kind,  .'iOO  decasters  of  oak 
wood  are  carbonized,  from  which 
16,000  hectolitres  of  charcoal  are 
obtained,  equal  to  64,000  pounds 
French,  being  about  25  per  cent. ; 
besides  tar  and  3000  velts  of 
wood  vinegar,  of  from  2°  to  3° 
Baume. 

At  Crouy  upon  the  Ourcq,  near  Meaux,  there  is  a  well-constructed  kiln  for  making 
lurf-charcoal.  It  resembles  most  nearly  a  tar-kiln.  In  Jig.  280,  a  is  the  cylindrical 
coaking  place,  whose  surrounding  walls  are  heated  by 
the  flame  which  passes  through  the  intermediate  space 
b.  The  place  itself  is  divided  by  partitions  of  fire  tiles 
into  three  stages,  through  the  apertures  in  which  the 
flames  of  the  fire  c  c,  rise,  and  heat  the  exterior  of  the 
coaking  apartment.  In  order  to  confine  the  heat,  there 
is  in  the  enclosing  walls  of  the  outer  kiln  a  cylindrical 
hollow  space  d,  where  the  air  is  kept  stagnant.  Through 
the  apertures  left  in  the  upper  end  at  e,  the  turf  is  in- 
troduced ;  they  are  then  shut  with  an  iron  plate  /, 
which  is  covered  with  ashes  or  sand.  The  fire-place 
opens  above  this  aperture,  and  its  outlet  is  provided 
with  a  moveable  iron  cover  g,  in  which  there  is  a  small 
hole  for  the  issue  of  the  gases.  The  sole  of  the  kiln 
consists  of  a  cast  iron  slab  h,  which  may  be  raised  by 
means  of  a  hook  i  upon  it.  This  is  drav/n  back  after 
the  carbonization  is  completed,  whereby  the  charcoal 
falls  from  the  coaking  space  into  a  subjacent  vault.  The 
volatile  products  are  carried  off  by  the  pipe  k,  and  led 
into  the  condensing  cistern  ;  the  gases  escaping  to  the 
fire-place  where  they  are  burned.  The  iron  slab  is  protected  from  the  corrosion  of  the 
acid  vapors  by  a  layer  of  coal  ashes. 

CHICA  is  a  red  coloring  principle  made  use  of  in  America  by  some  Indian  tribes 
to  stain  their  skins.  It  is  extracted  from  the  bignonia  chica  by  boiling  its  leaves  in 
water,  decanting  the  decoction,  and  allowing  it  to  settle  and  cool,  when  a  red  matter 
falls  down,  which  is  formed  into  cakes  and  dried.    This  substance  is  not  fusible,  and 
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when  burned,  diffuses  the  same  odor  as  animal  bodies  do.  t  is  insoluble  in  cold  water, 
very  soluble  in  alcohol  and  ether,  but  after  the  evaporation  of  these  liquids,  it  is  recovered 
unchansed.  Fats  and  unctuous  oils  both  dissolve  it.  It  is  soluble  in  carbonated  and  caus- 
tic alkaline  leys,  from  which  it  is  precipitated  by  the  acids  without  alteration.  An  excess 
of  alkali,  however,  speedily  decomposes  it.  Nitric  acid  transforms  il  into  oxalic  acid,  and 
a  bitter  matter.     Chlorine  makes  it  while. 

The  savages  mix  this  pigment  with  the  fat  of  the  caj'man  or  alligator,  and  rub  their 
skins  with  the  mixture.  It  may  probably  be  turned  to  account  in  the  arts  of  civilized 
nations. 

CHIMNEY.  (Cheminee,  Fr. ;  Schornsiein,  Germ.)  Chimney  is  a  modern  invention 
for  promoting  the  draught  of  fires  and  carrying  off  the  smoke,  introduced  into  England 
so  late  as  the  age  of  Elizabeth,  though  it  seems  to  have  been  employed  in  Italy  100 
years  before.  The  Romans,  with  all  iheir  luxurious  refinements,  must  have  had  their 
Epicurean  cookery  placed  in  perpetual  jeopardy  from  their  kitchen  fires,  which,  having  no 
vent  by  a  vertical  tunnel  in  the  walls,  discharged  their  smoke  and  frequently  their  flames 
at  the  windows,  to  the  no  small  alarm  of  their  neighbors,  and  annoyance  of  even  the 
street  passengers. 

Chimneys  in  dwelling  houses  serve  also  the  valuable  purpose  of  promoting  salubrious 
circulation  of  air  in  the  apartments,  when  not  foolishly  sealed  with  anti-ventilating  stove- 
chests. 

The  first  person  who  sought  to  investigate  the  general  principles  of  chimney  draughts, 
in  subserviency  to  manufacturing  establishments,  was  the  celebrated  Montgolfier.  As  the 
ascent  of  heated  air  in  a  conduit  depends  upon  the  diminution  of  its  specific  gravity,  or, 
in  other  words,  upon  the  increase  of  its  volume  by  the  heat,  the  ascensional  force  may 
be  deduced  from  the  difl'erence  between  the  density  of  the  elastic  fluid  in  the  interior  of 
the  chimney,  and  of  the  external  air;  that  is,  between  the  different  heights  of  the  internal 
and  external  columns  of  elastic  fluid  supposed  to  be  reduced  to  the  same  density.  In  the 
latter  case,  the  velocity  of  the  gaseous  products  of  combustion  in  the  interior  of  the  chim- 
ney is  equal  to  that  of  a  heavy  body  let  fall  from  a  height  equal  to  the  difference  in  height 
of  the  two  aerial  columns. 

To  illustrate  this  position  by  an  example,  let  us  consider  the  simple  case  of  a  chimney 
of  ventilation  for  carrj'ing  oS  foul  air  from  a  factory  of  any  kind  ;  and  suppose  that 
the  tunnel  of  iron  be  incased  throughout  with  steam  at  212  degrees  Fahr.  Suppose  this 
tunnel  to  be  100  yards  high,  then  the  weight  of  the  column  of  air  in  it  will  be  to  that  of 
a  column  of  external  air  100  yards  high,  assumed  at  32°  F.,  inversely  as  its  expansion  by 
180°  ;  that  is,  as  1000  is  to  1-375;  or  as  72-727  is  to  100.  The  column  of  external  air 
at  32°  being  100  yards,  the  internal  column  will  be  represented  by  72-727  ;  and  the  dif- 
ference=27-27,  will  be  the  amount  of  unbalanced  weight  or  pressure,  which  is  the  effec- 
tive cause  of  the  ventilation.  Calculating  the  velocity  of  current  due  to  this  difference  of 
weight  by  the  well-known  formula  for  the  fall  of  heavy  bodies,  tiiat  is  to  say,  multiplying 
the  above  difference,  which  is  27-27,  by  the  constant  factor  19.62,  and  extracting  the 
square  root  of  the  product ;  thus  V  19-62  X  27-27  =  23-13  will  be  the  velocity  in  yards 
per  second,  which,  multiplied  by  3,  gives  60-30  feet.  The  quantity  of  air  which  passes 
in  a  second  is  obtained  of  course  by  multiplying  the  area  or  cross  section  of  the  tunnel  by 
this  velocity.  If  that  section  is  half  a  yard,  that  is  =  a  quadrangle  2j  feet  by  2,  we  shall 
have  23-13  X  0-5  =  11-565  cubic  yards,  —  312j  cubic  feet. 

The  problem  becomes  a  little  more  complicated  in  calculating  the  velocity  of  air  which 
has  served  for  combustion,  because  it  has  changed  its  nature,  a  variable  proportion  of  its 
oxygen  gas  of  specific  gravity  1-111,  being  converted  into  carbonic  acid  gas  of  specific 
gravity  1-524.  The  quantity  of  air  passed  through  well  constructed  farnaces  may,  in 
general,  be  regarded  as  double  of  what  is  rigorously  necessary  for  combustion,  and  the 
proportion  of  carbonic  acid  generated,  therefore,  not  one  half  of  what  it  would  be  were 
all  the  oxygen  so  combined.  The  increase  of  weight  in  such  burned  air  of  the  temperature 
of  212°,  over  that  of  pure  air  equally  heated,  being  taken  into  account  in  the  preceding 
calculation,  will  give  us  about  19  yards  or  57  feet  per  second  for  the  velocity  in  a  chim- 
ney 100  yards  high  incased  in  steam. 

Such  are  the  deductions  of  theory  ;  but  they  differ  considerably  from  practical  results, 
in  consequence  of  the  friction  of  the  air  upon  the  sides  of  the  chimneys,  which  varies  like- 
wise with  its  form,  length,  and  quality.  The  direction  and  force  of  the  winds  also  exercise 
a  variable  influence  upon  chimney  furnaces  differently  situated.  In  chimneys  made  of 
wrought  iron,  like  those  of  steamboats,  the  refrigeration  is  considerable,  and  causes  a 
diminution  of  velocity  far  greater  than  what  occurs  in  a  factory  stalk  of  well  built  brick 
work.  In  comparing  the  numbers  resulting  from  the  trials  made  on  chimneys  of  dif- 
ferent materials  and  of  different  forms,  it  has  been  concluded  that  the  obstruction  to  the 
draught  of  the  air,  or  the  deduction  to  be  made  from  the  theoretical  velocity  of  efflux, 
is  directly  proportional  to  the  length  of  the  chimneys  and  to  the  square  of  the  velocity, 
and  inversely  to  their  diameter.     With  an  ordinary  wrought-iron  pipe,  of  from  4  inches 
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to  5  inches  diameter,  attached  to  an  ordinary  stove,  burning  good  charcoal,  the  difference 
is  prodigious  between  the  velocity  calculated  by  the  above  theoretical  rule,  and  that  ob- 
ser\'ed  by  means  of  a  stop-watch,  and  the  ascent  of  a  puff  of  smoke  from  a  little  tow, 
dipped  in  oil  of  turpentine  thrust  quickly  into  the  fire.  The  chimney  being  45  feet 
high,  the  temperature  of  the  atmosphere  68°  Fahr.,  the  velocity  per  second  was,  — 

Mean  temperature 
Trials.  By  theory.  By  experiment.  of  chimney. 

1  26.4  feet  5        feet  190°  Fahr. 

2  29-4  5-76  214 

3  34-5  6-3  270 

To  obtain  congruity  between  calculation  and  experiment,  several  circumstances  must 
be  introduced  into  oiir  formulae.  In  the  first  place,  the  theoretical  velocity  must  be 
multiplied  by  a  factor,  which  is  different  according  as  the  chimney  is  made  of  bricks, 
pottery,  sheet  iron,  or  cast  iron.  This  factor  must  be  multiplied  by  the  square  root  of 
the  diameter  of  the  chimney  (supposed  to  be  round),  divided  by  its  length,  increased  by 

four  times  its  diameter.  Thus,  for  pottery,  its  expression  is  2*06  V  _i_  ;  d  being  the  di- 
ameter, and  L  the  length  of  the  chimney. 

A  pottery  chimney,  33  feel  high,  and  7  inches  in  diameter,  when  the  excess  of  its  mean 
temperature  above  that  of  the  atmosphere  was  205°  Fahr.,  had  a  pressure  of  hot  air 
equal  to  11*7  feet,  and  a  velocity  of  7-2  feet  per  second.  By  calculating  from  the  last 
formula,  the  same  number  very  nearly  is  obtained.  In  none  of  the  experiments  did  the 
velocity  exceed  12  feet  per  second,  when  the  difference  of  temperature  was  more  than 
410°  Fahr. 

Every  different  form  of  chimney  would  require  a  special  set  of  experiments  to  be 
made  for  determining  the  proper  factor  to  be  used. 

This  troublesome  operation  may  be  saved  by  the  judicious  application  of  a  delicate 
differential  barometer,  such  as  that  invented  by  Dr.  Wollaston  ;  though  this  instrument 
does  not  seem  to  have  been  applied  by  its  very  ingenious  author  in  measuring  the 
draughts  or  ventilating  powers  of  furnaces. 

If  into  one  leg  of  this  differential  syphon  water  be  put,  and  fine  spermaceti  oil  into 
the  other,  we  shall  have  two  liquids,  which  are  to  each  other  in  density  as  the  numbers 
8  and  7.  If  proof  spirit  be  employed  instead  of  water,  we  shall  then  have  the  relation 
of  very  nearly  20  to  19.  I  have  made  experiments  on  furnace  draughts  with  the  instrument 
in  each  of  these  states,  and  find  the  water  and  oil  syphon  to  be  sufficiently  sensible ;  for 
the  weaker  draughts  of  common  fire-places  the  spirits  and  oil  will  be  preferable 
barometric  fluids. 

To  the  lateral  projecting  tube  of  the  instrument,  as  described  hy  Dr.  Wollaston,  I 
found  it  necessary  to  attach  a  stop-cock,  in  order  to  cut  off  the  action  of  the  chimney, 
while  placing  the  syphon,  to  allow  of  its  being  fixed  in  a  proper  state  of  adjustment, 
with  its  junction  line  of  the  oil  and  water  at  the  zero  of  the  scale.  Since  a  slight  de- 
viation of  the  legs  of  the  syphon  from  the  perpendicular  changes  very  considerably  the 
line  of  the  level,  this  adjustment  should  be  made  secure  by  fixing  the  horizontal  pipe 
tightly  into  a  round  hole,  bored  into  the  chimney  stalk,  or  drilled  through  the  furnace 
door.  On  gently  turning  the  stop-cock,  the  difference  of  atmospherical  pressure  cor- 
responding to  the  chimney  draught,  will  be  immediately  indicated  by  the  ascent  of  the 
junction  line  of  the  liquids  in  the  syphon.  This  modification  of  apparatus  permits  the 
experiment  to  be  readily  rectified  by  again  shutting  off  the  draught,  when  the  air  will 
slowly  re-enter  the  syphon ;  because  the  projecting  tube  of  the  barometer  is  thrust  into 
the  stop-cock,  but  not  hermetically  joined  ;  whereby  its  junction  line  is  allowed  to  return 
to  the  zero  of  the  scale  in  the  course  of  a  few  seconds. 

Out  of  many  experiments  made  with  this  instrument,  I  shall  content  myself  with 
describing  a  few,  very  carefully  performed  at  the  breweries  of  Messrs.  Trueman,  Han- 
bury,  and  Buxton,  and  of  Sir  H.  Meux,  Bart.,  and  at  the  machine  factory  of  Messrs. 
Braithwaite  ;  in  the  latter  of  which  I  was  assisted  by  Captain  Ericsson.  In  the  first 
trials  at  the  breweries,  the  end  of  the  stop-cock  attached  to  the  differential  barometer 
was  lapped  round  with  hemp,  and  made  fast  into  the  circular  peep-hole  of  the  furnace 
door  of  a  wort  copper,  communicating  with  two  upright  parallel  chimneys,  each  18  inches 
square  and  50  feet  high.  The  fire  was  burning  with  fully  its  average  intensity  at  the 
time.  The  adjustment  of  the  level  being  perfect,  the  stop-cock  orifice  was  opened,  and 
the  junction  level  of  the  oil  and  water  rose  steadily,  and  stood  at  1  j  inches,  corresponding 
to  li^A  =  0-156  of  1  inch  of  water,  or  a  column  of  air  10-7  feet  high.  This  diflerence 
of  pressure  indicates  a  velocity  of  26  feet  per  second.  In  a  second  set  of  experiments, 
the  extremity  of  the  stop-cock  was  inserted  into  a  hole,  bored  through  the  chimney 
stalk  of  the  boiler  of  a  Boulton  and  Watt  steam-engine  of  twenty-horse  power.  The 
area  of  this  chimney  was  exactly  18  inches  square  at  the  level  of  the  bored  hole,  and  its 
summit  rose  50  feet  above  it.      The  fire-grate  was  about  10  feet  below  that  level.      On 
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opening  the  stop-cock,  the  junction  line  rose  2f  inches.  This  experiment  was  verified 
by  repetition  upon  different  days,  with  fires  burning  at  their  average  intensity,  and  con- 
suming fully  12  lbs.  of  the  best  coals  hourly  for  each  horse's  power,  or  nearly  one  ton 
and  a  third  in  twelve  hours.  If'we  divide  the  number  2j  by  8,  the  quotient  0-28  will 
represent  the  fractional  part  of  1  inch  of  water,  supported  in  the  syphon  by  the  un- 
balanced pressure  of  the  atmosphere  in  the  said  chimney ;  which  corresponds  to  19J  feet 
of  air,  and  indicates  a  velocity  in  the  chimney  current  of  .35  feet  per  second.  The 
consumption  of  fuel  was  much  more  considerable  in  the  immense  grate  under  the  wort 
copper,  than  it  was  under  the  steam-engine  boiler. 

In  my  experiments  at  Messrs.  Braithwaite's  factory,  the  maximum  displacement  of 
the  junction  line  was  1  inch,  when  the  difl"erential  oil  and  water  barometer  was  placed 
in  direct  communication  with  a  chimney  15  inches  square,  belonging  to  a  steam  boiler, 
and  when  the  fire  was  made  to  burn  so  fiercely,  that  on  opening  the  safety-valve  of  the 
boiler,  the  excess  of  steam  beyond  the  consumption  of  the  engine  rushed  out  with  such 
violence  as  to  fill  the  whole  premises.  The  pressure  of  one  eighth  of  an  inch  of  water 
denotes  a  velocity  of  draught  of  23'4  feet  per  second. 

In  building  chimneys,  we  should  be  careful  to  make  their  area  rather  too  large  than 
too  small ;  because  we  can  readily  reduce  it  to  any  desired  size,  by  means  of  a  sliding 
register  plate  near  its  bottom,  or  a  damper  plate  applied  to  its  top,  adjustable  by  wires 
or  chains,  passing  over  pulleys.  Wide  chimneys  are  not  so  liable  as  narrow  ones  to 
have  their  draught  afifected  by  strong  winds.  In  a  factory,  many  furnace  flues  are 
often  conducted  into  one  vertical  chimney  stalk,  with  great  economy  in  the  first 
erection,  and  increased  power  of  draught  in  the  several  fires. 

V^ist  improvements  have  been  made  in  this  country,  of  late  years,  in  building  stalks 
for  steam  boilers  and  chemical  furnaces.  Instead  of  constructing  an  expansive,  lofty 
scaffolding  of  timber  round  the  chimney,  for  the  bricklayers  to  stand  upon,  and  to 
place  their  materials,  pigeon-holes,  or  recesses,  are  left  at  regular  intervals,  a  few  feet 
apart,  within  the  chimney,  for  i^eceiving  the  ends  of  stout  wooden  bars,  which  are 
laid  across,  so  as  to  form  a  species  of  temporary  ladder  in  the  interior  of  the  tunnel. 
By  means  of  these  bars,  with  the  aid  of  ropes  and  pulleys,  everything  may  be  pro- 
gressiA^ely  hoisted,  for  the  building  of  the  highest  engine  or  other  stalks.  An  expert 
bricklayer,  wiih  a  handy  laborer,  can  in  this  way  raise,  in  a  few  weeks,  a  considerable 
chimney,  40  feet  high,  5  feet  8  inches  square  outside,  2  feet  8  inches  inside  at  the  base, 
28  inches  outside,  and  20  inches  inside  at  the  top.  To  facilitate  the  erection,  and  at 
the  same  time  'increase  the  solidity  of  an  insulated  stalk  of  this  kind,  it  is  built 
with  three  or  more  successive  plinths,  or  recedures,  as  shown  in  fig.  281.  It  is  neces- 
sary to  make  such  chimneys  thick  and  substantial  near  the  base,  in  order  that  they 
may  sustain  the  first  violence  of  the  fire,  and  prevent  the  sudden  dissipation  of  the 
heat.  When  many  flues  are  conducted  into  one  chimney  stalk,  the  area  of  the  latter 
should  be  nearly  equal  to  the  sum  of  the  areas  of  the  former,  or  at  least  of  as  many  of 
them  as  shall  be  going  simultaneously.  When  the  products  of  combustion  from  any 
furnace  must  be  conducted  downwards,  in  order  to  enter  near  the  bottom  of  the  main 
stalk,  they  will  not  flow  off"  until  the  lowest  part  of  the  channel  be  heated  by  burning 
some  wood  shavings  or  straw  in  it,  whereby  the  air  syphon  is  set  agoing.  Immedi- 
ately after  kindling  this  transient  fire  at  that  spot,  the  orifice  must  be  shut  by  which 
it  was  introduced ;  otherwise  the  draught  of  the  furnace  would  be  seriously  impeded. 
But  this  precaution  is  seldom  necessary  in  great  factories,  where  a  certain  degree  of  heat 
is  always  maintained  in  the  flues,  or,  at  least,  should  be  preserved,  by  shutting  the 
damper  plate  of  each  separate  flue,  whenever  its  own  furnace  ceases  to  act.  Such  chim- 
neys are  finished  at  top  with  a  coping  of  stone-slabs,  to  secure  their  brickwork  against 
the  infiltration  of  rains,  and  they  should  be  furnished  with  metallic  conducting  rods,  to 
protect  them  from  explosions  of  lightning. 

When  small  domestic  stoves  are  used,  with  very  slow  combustion,  as  has  been 
recently  proposed,  upon  the  score  of  a  misjudged  economy,  there  is  great  danger  of  the 
inmates  being  suffocated  or  asphyxied,  by  the  regurgitation  of  the  noxious  burned  air. 
The  smoke  doctors  who  recommend  such  a  vicious  plan,  fiom  their  ignorance  of 
chemical  science,  are  not  aware  that  the  carbonic  acid  gas,  of  coke  or  coal,  must  be  heated 
250°  F.  above  the  atmospheric  air,  to  acquire  the  same  low  specific  gravity  with  it.  In 
other  words,  unless  so  rarefied  by  heat,  that  gaseous  poison  will  descend  throush  the  orifice 
of  the  ash-pit,  and  be  replaced  by  the  lighter  air  of  the  apartment.  Drs.  Priestley  and 
Dalton  have  long  ago  shown  the  co-existence  of  these  two-fold  crossing  currents  of  air, 
even  through  the  substance  of  stone-ware  tubes.  True  economy  of  heat,  and  salubrity, 
alike  require  vivid  combustion  of  the  fuel,  with  a  somewhat  brisk  draught  inside  of  the 
chimney,  and  a  corresponding  abstraction  of  air  from  the  apartment.  Wholesome 
continuous  ventilation,  under  the  ordinary  circumstances  of  dwelling  houses,  cannot 
be  secured  in  any  other  way.  Were  these  mephitic  stoves,  which  have  been  of  late 
so  ridiculously  puffed  in  the  public   prints,  generally  introduced,  the  faculty  would 
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need  to  be  immediately  quadrupled  to  supply  the  demand  for  medical  advice  •  for  head 
everv'inSS"''""'"'  ^'^T' ^^  apoplexy,  would  become  the  constat? 'inmates  of 
Slfl/rP^fif  t  T''"''""-  The  phenomena  of  the  grotto  of  Pausilippo  might ^Kn  Se 
daily  realized  a  home  among  those  who  ventured  to  recline  upon  sofas  in  such  carbo 
nated  apartments;  only  instead  of  a  puppy  being  suffocated  pro  te^^ore/humn  £°s 
would  be  sacrificed,  to  save  two-penny  worth  of  fuel  per  diem  "= 
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The  figures  upon  the  preceding  page  represent  one  of  the  two  chimneys  recently  erect- 
ed at  the  Camden  Town  station,  for  the  steam  boilers  of  the  two  engines  of  60  horse- 
power each,  belonging  to  the-  London  and  Birmingham  Railway  Company.  These  en- 
gines draw  their  train  of  carriages  up  the  inclined  plane  of  Hampstead  Hill.  The  chim- 
neys were  designed  by  Robert  Stephenson,  Esq.,  engineer  to  the  Company,  executed  by 
William  Cubitt,  Esq.,  of  Gray's  Inn  Road, — and  do  equal  honor  to  both  gentlemen, 
being  probably  the  most  elegant  and  substantial  specimens  of  this  style  of  architecture  in 
the  Avorld.     In  the  section,  yig.  281, 

A  represents  a  bed  of  co7icrete,  6  feet  thick,  and  24  feet  square. 

B,  brick  footings  set  in  cement ;  the  lower  course  19  feet  square. 

c,  Bramley-fall  stone  base,  with  a  chain  of  wrought  iron  let  into  it. 

D,  a  portion,  15  feet  high,  curved  to  a  radius  of  113  feet,  built  entirely  of  Malm 
paviors,  (a  peculiarly  good  kind  of  bricks.) 

E,  shaft  built  of  Malm  paviors  in  mortar. 

F,  ditto,  built  from  the  inside,  without  exterior  scafToldinsr. 

G,  the  cap  ornamented  (as  shown  in  the  plan  alongside)  with  Portland  stone,  the 
dressings  being  tied  together  with  copper  cramps  and  an  iron  bond. 

Fig.  282  represents  the  mouldings  of  the  top,  upon  an  enlarged  scale. 

Fig.  283,  a  plan  of  the  foundation,  ditto. 

Fig.  284,  ditto,  at  the  level  of  the  entrance  of  the  flue,  as  seen  in 

Fig.  285,  the  elevation  of  the  chimney. 

Fig.  286,  plan  at  the  ground  level  i,  in  figs.  281  and  285. 

K,fig.  281,  the  lightning  conducting  rod. 

CHINTS  is  a  peculiar  style  of  fast-printed  calico,  in  which  figures  of  at  least  five  dif- 
ferent colors  are  impressed  upon  a  white  or  lisht  colored  ground. 

CHLORATE  OF  POTASH,  commonly  called  oxymuriate  of  potash.  This  interesting 
saline  compound  has  become  the  object  of  a  pretty  extensive  manufacture,  in  consequence 
of  its  application  to  make  matches  for  procurins;  instantaneous  lisjht,  and  a  detonating 
powder  for  fire-arms.     It  may  be  prepared  both  in  the  humid  and  dry  way. 

Having  made  a  strong  solution  of  purified  potash,  or  carbonate  of  potash,  with  from 
two  to  three  parts  of  water,  we  pass  through  it  in  a  Woulfe's  apparatus  a  current  of  chlo- 
rine gas,  till  it  ceases  to  absorb  any  more.  Chloride  of  potash  and  chloride  of  potassium 
alone  are  formed  as  long  as  there  is  an  excess  of  alkali  in  the  solution  ;  but  afterwards, 
in  the  further  reaction  of  the  materials,  the  chloride  passes  into  the  state  of  a  chlorate, 
and,  as  such,  precipitates  from  the  solution.  Duiine  the  first  half  of  the  operation,  that 
is,  till  the  potash  be  about  one  half  saturated  with  chlorine,  as  indicated  by  litmus  paper 
ceasing  to  be  darkened  and  beginning  to  be  blanched,  only  the  chloride  of  potassium  or 
muriate  of  potash  falls.  The  process  should  be  interrupted  at  this  point  in  order  to  re- 
move the  salt,  to  wash  it,  to  add  the  washings  to  the  liquor,  and  then  to  transmit  the  gas 
freely  through  the  solution.  As  the  operation  advances,  less  muriate  of  potash  is  formed, 
and  at  length  nothing  but  the  pure  chlorate  is  separated  in  crystals.  When  finally  the 
bubbles  of  gas  pass  throush  without  beins  sensibly  absorbed,  the  process  is  known  to  be 
completed  ;  the  liquid  may  then  be  allowed  to  settle,  and  be  poured  off  fiom  the  crystals 
t)f  chlorate  of  potash,  which  are  purified  from  the  muriate  by  dissolving  them  in  three 
times  their  weight  of  boiling  water,  and  filtering  the  solution  while  hot.  On  its  cooling, 
the  chlorate  will  separate  in  pearly-looking  crystalline  plates.  It  may  be  rendered  quite 
pure  by  a  second  crystallization,  in  which  state  it  does  not  afl'ect  solution  of  nitrate  of  silver. 

The  above  potash  ley  usually  gets  a  reddish  tint  in  the  course  of  the  process  in  conse- 
quence of  a  little  manganesic  acid  coming  over  with  the  chlorine,  but  it  gradually  loses 
this  color  as  the  saturation  becomes  complete,  when  the  solution  turns  yellow.  The 
tubes  for  conveying  the  gas  should  be  of  large  diameter,  if  they  be  plunged  into  the 
saline  solution,  because  the  crystallization  which  takes  place  in  it  is  apt  to  choke  them 
up.  This  inconvenience  may  however  be  obviated  by  atiaching  to  the  end  of  the  glass 
tube,  a  tube  of  caoutchouc  terminated  in  a  small  slass  funnel,  or  simply  the  neck  of  a 
caoutchouc  bottle  with  a  pari  of  its  body,  whose  width  will  not  be  readily  closed  with  a 
saline  crust.  The  residuary  lixivium  may  be  used  against  another  operation,  or  it  may 
be  evaporated  down  to  half  its  bulk  and  set  aside  to  crystallize,  whereby  some  more 
chlorate  will  be  obtained,  mixed  indeed  with  muriate  and  carbonate,  from  which  however 
it  may  be  separated  by  a  second  crystallization.  In  general  the  pure  chlorate  obtained 
does  not  exceed  one  tenth  the  weight  of  the  potash  employed  ;  because  in  thus  treating 
potash  with  chlorine,  five  sixths  of  it  are  converted  into  muriate  of  potash  and  only  one 
sixth  into  chlorate,  and  a  part  of  the  latter  adheres  to  the  muriate,  or  is  lost  in  the  mother 
waters  of  the  crystallizations. 

The  chlorate  of  jiotash  may  be  more  conveniently  manufactured,  like  that  of  lime,  in 
the  dry  way.  St.  Romer  patented  at  Vienna  the  following  method  for  that  purpose  in 
1821  : — Ten  pounds  of  crystallized  peroxyde  of  manganese  are  to  be  finely  pulverized, 
mixed  with  ten  pounds  of  plumbago,  and  thirty  pounds  of  common  salt,  and  put  into  the 
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leaden  retort  represented  in  fig.  287,  p.  293.  From  the  middle  of  the  helmet-slmped 
lid  of  this  vessel,  a  lead  tube,  two  feet  Ion?,  and  two  inclies  wide,  conducts  to  the  receiver, 
which  is  a  square  earthen  pan,  hard  glazed  both  within  and  without,  of  the  same  capacity 
with  the  retort.  The  end  of  the  tube  must  be  made  fast  to  a  frame  at  the  height  of  six 
inches  above  the  bottom  of  the  receiver.  Upon  its  inner  sides,  four  inches  apart,  brackets 
are  to  be  fixed  for  supporting  a  series  of  laths  or  shelves  of  white  wood,  on  which  a  num- 
ber of  little  paper  or  pasteboard  boxes  are  to  be  laid.  In  these  boxes  ten  pounds  of  the 
purest  carbonate  of  potash,  prepared  from  tartar,  are  to  be  spread.  The  receiver  must 
now  be  covered  with  a  lid  made  tight  by  a  water  lute.  Twenty  pounds  of  concentrated 
sulphuric  acid  previously  diluted  with  sixteen  pounds  of  water,  and  then  cooled,  are  to 
be  poured  upon  the  mixed  materials  in  the  retort,  the  lid  immediately  secured,  M'ilh  the 
tube  adjusted  in  the  receiver.  The  whole  must  be  allowed  to  operate  spontaneously  with- 
out heat  for  twelve  hours.  At  the  end  of  this  time  the  retort  is  to  be  surrounded  with  a 
water  bath  and  steadily  heated  during  twelve  hours,  and  then  left  to  cool  for  six  hours. 
The  apparatus  must  now  be  opened,  the  cakes  of  chlorate  of  potash  removed,  and  freed 
from  muriate  by  solution  and  crystallization. 

M.  Liebig  proposes  the  following  process  for  obtaining  chlorate  of  potash  : — 
Heat  chloride  of  lime  in  water  till  it  ceases  to  destroy  vegetable  colors.  In  this  case  a 
mixture  of  chloride  of  calcium  and  chlorate  of  potash  is  obtained.  This  is  to  be  dissolved 
in  hot  water,  and  to  the  solution  concentrated  by  evaporation,  cliloride  of  potassium  is  to 
be  added,  and  then  suffered  to  cool.  After  cooling,  a  quantity  of  crystals  of  chlorate  of 
potash  is  obtained,  which  are  to  be  redissolved  and  crystallized  again  to  purify  them.  M. 
Liebig  considers  that  this  will  be  a  cheap  process  for  obtaining  chlorate  of  potash.  From 
12  ounces  of  chloride  of  lime,  of  so  bad  a  quality  that  it  left  65  per  cent,  of  insoluble 
matter,  he  obtained  an  ounce  of  chlorate  of  potash. 

The  only  difliculty  to  overcome  in  this  process  is,  from  the  chloride  of  lime  not  being 
so  easily  decomposed  by  heat  as  is  generally  supposed ;  a  solution  of  it  may  be  kept  boil- 
ing for  an  hour  without  losing  its  bleaching  power.  The  best  method  is  to  form  a  thin 
paste  with  chloride  of  lime  and  water,  and  then  to  evaporate  it  to  dryness.  If  it  be  re- 
quired to  prepare  it  by  passing  chlorine  into  cream  of  lime,  it  is  advantageous  to  keep  it 
very  hot. 

The  chlorate  of  potash  which  separates  from  the  solution  by  crystallization,  has  not 
the  form  of  scales  which  it  usually  possesses,  but  is  prismatic  :  whether  this  is  occasioned 
by  some  admixture  has  not  been  ascertained ;  but  on  re-crystallizing,  it  is  obtained  in  the 
usual  form. 

The  solution  ought  not  merely  to  be  left  to  cool,  in  order  to  procure  crystals,  for  the 
crystallization  is  far  from  being  terminated  even  after  complete  cooling ;  crystals  continue 
to  be  deposited  for  3  or  4  days. 

The  following  modification  of  the  process  for  making  chlorate  of  potash  is  that  of  M. 
Vee.  A  solution  of  chloride  of  lime,  marking  18°  or  20°  Baume,is  to  be  set  upon  the  fire 
in  a  lead  or  cast  iron  pot,  and  Avhen  it  begins  to  get  hot,  there  is  to  be  dissolved  in  it  a 
quantity  of  chloride  of  potassium  sufficient  to  raise  the  hydrometer  3  or  4  degrees.  It 
must  be  then  concentrated  as  quickly  as  possible  till  it  marks  30°  or  31°,  taking  care  that 
it  does  not  boil  over  by  the  sudden  extrication  of  oxygen.  The  concentrated  liquor  is  set 
aside  to  crystallize  in  a  cool  place ;  where  a  deposite  of  chlorate  of  potash  forms,  mixed 
with  chloride  of  potassium.  The  mother  waters  being  evaporated  to  the  density  of  36°, 
afford  another  crop  of  crystals,  after  which  they  may  be  thrown  away. 

The  salts  obtained  at  the  first  crystallization  are  to  be  re-dissolved,  and  the  solution 
being  brought  to  15°  or  16°  is  to  be  filtered,  when  it  will  afford  upon  cooling  pure  chlo- 
rate of  potash. 

Chlorate  or  oxymuriate  of  potash  has  a  cooling,  somewhat  unpleasant  and  nitrous 
taste.  It  does  not  bleach.  At  60°  F.  100  parts  of  water  dissolve  six  parts  of  it,  and  at 
its  boiling  point  or  220°,  sixty  parts.  When  heated  to  dull  ignition  in  a  glass  retort,  it 
gives  out  39-15  per  cent,  of  its  weight  of  oxygen,  and  becomes  thereby  chloride  of 
potassium.  When  strongly  triturated  in  a  mortar  it  crackles,  throws  out  sparks,  and  be- 
comes luminous.  It  deflagrates  upon  red-hot  cinders  like  nitre :  when  triturated  along  with 
sulphur,  or  phosphorus,  it  detonates  with  great  violence,  not  without  danger  to  the  hands 
of  the  operator,  if  they  be  not  protected  by  a  thick  glove.  Similar  detonations  may  be 
produced  with  cinnibar  or  vermilion,  sulphuret  of  potassium,  sugar,  volatile  oils,  &c., 
but  they  can  be  effected  only  by  the  smart  blow  of  a  heated  hammer  and  anvil.  A 
mixture  of  sugar  or  starch  with  chlorate  of  potash  is  readily  inflamed  by  a  drop  of  sul- 
phuric acid,  and  this  experiment  is  the  basis  of  the  preparation  of  theoxysenated  matches, 
as  they  have  been  commonly  called.  The  following  formula  forms  a  good  paste  for 
tipping  the  said  matches,  made  of  narrow  slips  of  either  wood  or  card.  Thirty  parts  of 
the  chlorate  in  fine  powder  are  to  be  mixed  gently  with  a  spatula  upon  paper  with  ten 
parts  of  flowers  of  sulphur  well  levigated,  eight  of  sugar,  five  of  gum  arable,  and  enough 
of  vermilion  to  give  the  whole  a  rose  tint.     We  begin  by  mixing  tenderly  together 
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the  sugar,  the  gum,  and  the  salt  previously  pulverized  ;  we  then  add  as  much  water  as 
shall  reduce  the  mixture  to  a  thin  paste,  and  lastly  introduce  the  sulphur;  after  which  all 
must  be  well  incorporated  The  points  of  the  matches,  either  previously  tipped  with  sul- 
phur or  not,  are  to  be  dipped  in  tliat  paste,  so  as  to  get  coated  with  a  little  of  it,  and  are 
lastly  laid  in  a  warm  place  till  they  become  thoroughly  dry.  To  kindle  one  of  them,  it 
must  be  touched  with  strong  sulphuric  acid,  which  for  this  purpose  is  usually  kept  in  a 
small  well-stoppered  vial,  and  thickened  with  amianthus.  Aspen  is  reckoned  the  best 
wood  for  matches. 

Of  late  years  a  detonating  priming  for  fire-arms  has  been  much  used  with  the  percussion 
locks.  The  simplest  formula  for  making  it  is  to  take  ten  parts  of  gunpowder,  to  lixiviate 
it  with  water,  and  to  mix  the  residuum,  while  moist,  with  five  parts  and  a  quarter  of 
chlorate  of  potash,  reduced  to  an  extremely  fine  powder.  The  paste  may  be  made  pretty 
thin,  for  the  salt  is  sparingly  soluble  in  the  cold  water,  and  it  mbces  best  when  tolerably 
fluid.  This  powder  when  dry  is  dangerous  to  handle,  being  very  apt  to  explode.  But 
this  danger  is  guarded  against  by  letting  fall  a  drop  of  the  paste  into  each  copper  per- 
cussion cap,  and  leaving  it  to  dry  there.  In  the  detonation  of  this  powder,  besides  mu- 
riate of  potash,  there  are  generated,  a  little  sulphate  of  potash  and  chlorine  gas,  which 
rust  the  metal  very  fast.  For  which  reason  fulminate  of  mercury  is  now  preferred  by  many 
sportsmen  as  a  detonating  powder.     See  Fulminate. 

CHLORATES,  compounds  of  chloric  acid  with  the  salifiable  bases.  The  only  acid  be- 
longing to  this  class  of  any  manufacturing  importance  is  the  following : 

CHLORIC  ACID ;  the  acid  constituent  of  the  preceding  salt ;  it  consists  of  one 
equivalent  prime  of  chlorine  =  35*476,  -\-  5  of  oxygen,  =  40*065  ;  of  which  the  sum  75'535 
is  the  priiTie  equivalent  of  the  acid. 

CHLORINE ;  the  most  energetic  of  the  undecompounded  bodies,  or  chemical  ele- 
ments as  they  are  usually  called,  exists,  under  ordinary  circumstances,  as  a  greenish  yel- 
low gas,  but,  when  exposed  to  a  pressure  of  4  atmospheres,  it  becomes  a  yellow  transpa- 
rent liquid.  In  the  first  state,  its  density  compared  to  air,  reckoned  1*000,  is  2*47 ; 
in  the  second,  its  density  compared  to  water,  1*000,  is  1*33.  No  degree  of  cold  hitherto 
tried,  has  liquefied  the  gas  when  dry.  It  is  obtained  by  putting  into  a  glass  re- 
tort a  mixture  of  3  parts  of  common  salt,  with  2  parts  of  peroxyde  of  manganese,  and 
pouring  upon  it  2  parts  of  sulphuric  acid  diluted  with  its  own  weight  of  water;  or,  more 
conveniently,  by  pouring  moderately  strong  muriatic  acid  upon  peroxyde  of  manganese  in 
a  retort ;  and  in  either  case  applying  the  gentle  heat  of  a  spirit  lamp  or  a  water  bath, 
while  the  beak  of  the  retort  is  plunged  under  brine  upon  the  shelf  of  the  pneumatic  trough. 
The  gas  issues,  and  may  be  received  in  the  usual  way  into  inverted  glass  jars,  or  vials ; 
but  the  first  which  comes  over,  being  mixed  with  the  air  of  the  retort,  must  be  rejected. 
It  has  a  peculiar  smell,  and  irritates  the  nostrils  most  violently  when  inhaled,  as  also  the 
windpipe  and  lungs.  It  is  eminently  noxious  to  animal  life,  and,  if  breathed  in  its  un- 
diluted slate,  would  prove  instantly  fatal.  It  supports  the  combustion  of  many  bodies, 
and  indeed  spontaneously  burns  several  without  their  being  previously  kindled.  The  re- 
sulting combinations  are  called  chlorides,  and  act  most  important  parts  in  many  manufac- 
turing processes. 

Water  absorbs,  at  the  ordinary  temperature  of  the  atmosphere,  about  double  its  volume 
of  chlorine,  and  acquires  the  color,  smell,  and  taste  of  the  gas,  as  well  as  its  power  of 
destroying  or  bleaching  vegetable  colors.  When  this  aqueous  chlorine  is  cooled  to  36°  F. 
dark  yellow  crystalline  plates  appear  in  it  of  the  hydrate  of  chlorine,  which  are  compos- 
ed in  100  parts  of  27*7  chlorine,  and  72*3  water.  If  these  crystals  be  heated  to  about 
45°  they  liquel'y,  and  the  gas  flies  ofl". 

Chlorine  has  a  powerful  affinity  for  hydrogen,  not  only  combining  with  it  rapidly  in 
the  gaseous,  but  seizin?  it  in  many  of  its  liquid  and  solid  combinations,  as  in  volatile 
oils,  which  it  inflames,  and  in  yellow  wax,  cotton,  and  flax,  which  it  whitens.  The  com- 
pound of  chlorine  and  hydrogen  gases  is  muriatic  acid  gas.  Manganese,  when  mixed 
with  liquid  muriatic  acid,  as  in  the  above  process,  abstracts  the  hydrogen,  and  lets  the 
chlorine  gas  go  free.  When  chlorine  is  passed  into  water,  it  decomposes  some  of  it,  seizes 
its  hydrogen  to  form  a  little  muriatic  acid,  and  enables  its  oxygen  to  unite  either  with  the 
chlorine,  into  chlorous  acid,  or  with  the  remaining;  water,  and  to  constitute  oxygenated 
water.  Hence,  aqueous  chlorine,  exposed  to  the  sunbeam,  continually  evolves  oxygen,  and 
ere  long  becomes  muriatic  acid. 

This  watery  compound  acts  in  a  powerful  way  upon  colored  vegetable  fibres,  extracting 
their  hydrogen  or  coloring  element  by  the  twofold  affinities  of  the  chlorine  and  oxygen 
for  it. 

Hence  chlorine,  as  a  bleaching  asrent,  requires  to  be  tempered  by  the  quiescent  affinity 
of  some  alkaline  base,  potash  or  lime.  Malaria,  or  morbific  and  putrescent  miasmata, 
consist  chiefly  of  hydrogenous  matter  as  their  basis,  and  are  best  counteracted  by  chlo- 
rine, where  it  can  be  conveniently  applied. 

Chlorides  of  Potash,  Soda,  and  Lime.— These  are  the  most  important  preparations 
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through  which  chlorine  exercises  its  peculiar  powers  upon  the  ohjects  of  manufactures. 
When  a  weak  solution  of  caustic  potash  or  soda  is  saturated  with  chlorine,  it  affords  a 
bleaching  liquor  which  is  still  used  by  some  bleachers  and  calico-printers  for  their  most 
delicate  processes ;  but  the  price  of  the  alkalis  has  led  to  the  disuse  of  these  chlorides  as 
a  general  means,  and  has  occasioned  an  extensive  emplojment  of  chloride  of  lime.  Upon 
the  manufacture  of  this  interesting  compound  I  made  an  elaborate  series  of  experiments, 
several  years  ago,  and  publishea  the  results  in  the  13th  volume  of  Brande's  Journal  for 
April,  1822.  I  have  no  reason  to  suppose,  from  any  thing  that  has  been  published  since, 
that  the  processes  there  described  have  been  essentially  improved,  or  that  any  errors, 
either  theoretical  or  practical,  of  any  moment,  exist  in  that  memoir.  I  shall  therefore 
first  present  my  readers  with  a  brief  abstract  of  it,  and  then  make  such  observations  as 
subsequent  inquiries  suggest. 

In  the  researches  which  I  made,  at  many  different  times,  upon  the  nature  of  the  chlo- 
ride of  lime,  I  generally  sought  to  combine  the  information  flowing  from  both  synthesis 
and  analysis ;  that  is,  I  first  converted  a  known  portion  of  hydrate  of  lime  into  bleach- 
ing-powder,  and  then  subjected  this  chloride  to  analysis. 

Two  hundred  grains  of  the  atomic  proto-hydrate  of  pure  lime  were  put  into  a  glass 
globe,  which  was  kept  cold  by  immersion  in  a  body  of  water  at  50°.  A  stream  of 
chlorine,  after  being  washed  in  water  of  the  same  temperature  in  another  glass  globe, 
connected  to  the  former  by  a  long  narrow  glass  tube,  was  passed  over  the  calcareous 
hydrate.  The  globe  with  the  lime  was  detached  from  the  rest  of  the  apparatus  from 
time  to  time,  that  the  process  might  be  suspended  as  soon  as  the  augmentation  of  weight 
ceased.  This  happened  when  the  200  grains  of  hydrate,  containing  151-9  of  lime,  had 
absorbed  130  grains  of  chlorine.  By  one  analytical  experiment,  it  was  found  that  dilute 
muriatic  acid  expelled  from  50  grains  of  the  chloride,  20  grains  of  chlorine,  or  40  per 
cent. ;  and  by  another,  from  40  grains,  16-25  of  gas,  which  is  40-6  per  cent.  From  the 
residuum  of  the  first  39-7  grains  of  carbonate  of  lime  were  obtained  by  carbonate  of 
ammonia  ;  from  that  of  the  second,  36-6  of  ignited  muriate  of  lime.  The  whole  results 
are  therefore  as  follows  : — 


Chlorine  -  - 
Lime-  -  -  - 
Water  -  -  - 

Synthesis. 

1st  Analysis. 

2d  Analysis. 

Mean. 

39-39 
46-00 
14-60 

40-00 
44-74 
15-26 

40-62 
46-07 
13-31 

40-31 

45-40 
14-28 

10000 

100-00 

100-00 

100-00 

Though  the  heat  generated  by  the  action  of  the  dilute  acid  had  carried  off  in  the  ana- 
lytical experiments  a  small  portion  of  moisture  with  the  chlorine,  yet  their  accordance 
with  the  synthetic  experiment  is  sufficiently  good  to  confirm  the  general  results.  The 
above  powder  appears  to  have  been  a  pure  chloride,  without  any  mixture  of  muriate. 
But  it  exhibits  no  atomic  constitution  in  its  proportions. 

To  200  grains  of  that  hj'drate  of  lime  30  grains  of  water  being  added,  the  powder  was 
subjected  to  a  stream  of  chlorine  in  the  above  way,  till  saturation  took  place.  Its  in- 
crease of  weight  was  150  grains. 

It  ought  to  be  remarked,  that  in  this  and  the  preceding  experiment  there  was  no  appre- 
ciable pneumatic  pressure  employed  to  aid  the  condensation  of  the  chlorine.  In  the  last 
case,  we  see  that  the  addition  of  30  grains  of  water  has  enabled  the  lime  to  absorb  20 
grains  more  of  chlorine,  being  altogether  a  quantity  of  gas  nearly  equal  to  that  of  the  dry 
lime.  Thus,  an  atom  of  lime  seems  associated  with  7  of  an  atom  of  chlorine.  Analysis 
by  muriatic  acid  confirmed  this  composition.     It  gave 

Chlorine     -    -    39-5=51-8  cubic  inches. 
Lime     -    -    -    39-9 
Water  -    -    -    20-6 


100-0 


A  great  variety  of  apparatus  has  been  at  different  times  contrived  for  favoring  the 
combination  of  chlorine  with  the  slaked  lime  for  the  purposes  of  commerce.  One  of 
the  most  ingenious  forms  is  that  of  a  cylinder,  or  barrel,  furnished  with  narrow  wooden 
shelves  within,  and  suspended  on  a  hollow  axis  by  which  the  chlorine  was  admitted,  and 
round  which  the  barrel  was  made  to  revolve.  By  this  mode  of  agitation,  the  lime-dust, 
being  exposed  on  the  most  extensive  surface,  was  speedily  impregnated  with  the  gas  to 
the  requisite  degree.  Such  a  mechanism  I  saw  at  MM.  Oberkampf  and  Widmer's  cele- 
brated/aftn^we  de  toiles  peintes,  at  Jouy,  in  1816.  But  this  is  a  costly  refinement,  in- 
admissible on  the  largest  scale  of  British  manufacture.  The  simplest,  and,  in  my 
opinion,  the  best  construction  for  subjecting  lime- powder  to  chlorine,  is  a  large  chamber 
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8  or  9  feet  hi^h,  built  of  silicious  sandstone,  having  the  joints  of  the  masonry  secured 
with  a  cement  composed  of  pitch,  resin,  and  dry  gypsum  in  equal  parts.  A  door  is 
fitted  into  it  at  one  end,  which  can  be  made  air-tight  by  strips  of  cloth  and  clay-lute. 
A  window  on  each  side  enables  the  operator  to  judge  how  the  impregnation  goes  on  by 
the  color  of  the  air,  and  also  gives  light  for  making  the  arrangements  within  at  the 
commencement  of  the  process.  As  water  lutes  are  incomparably  superior  to  all  others, 
where  ihe  pneumatic  pressure  is  small,  I  would  recommend  a  large  valve  or  door  on  this 
principle  to  be  made  in  the  roof,  and  two  tunnels  of  considerable  width  at  the  bottom  of 
each  side  wall.  The  three  covers  could  be  simultaneously  lifted  off  by  cords  passing 
over  a  pulley,  without  the  necessity  of  the  workman  approaching  the  deleterious  gas, 
when  the  apartment  is  to  be  opened.  A  great  number  of  wooden  shelves,  or  rather 
trays,  8  or  10  feet  long,  2  feet  broad,  and  1  inch  deep,  are  provided  to  receive  the  riddled 
slaked  lime,  containing  generally  about  2  atoms  of  lime  to  3  of  water.  These  shelves 
are  piled  one  over  another  in  the  chamber,  to  the  height  of  5  or  6  feet,  cross  bars  below 
each  keeping  them  about  an  inch  asunder,  that  the  gas  may  have  free  room  to  circulate 
over  the  surface  of  the  calcareous  hydrate. 

The  alembics  for  generating  the  chlorine,  which  are  usually  nearly  spherical,  are  in 
some  cases  made  entirely  of  lead,  in  others  of  two  hemispheres,  joined  together  in  the 
middle,  the  upper  hemisphere  being  lead,  the  under  one  cast-iron.  The  first  kind  of 
alembic  is  enclosed,  for  two  thirds  from  its  bottom,  in  a  leaden  or  iron  case,  the  interval 
of  two  inches  between  the  two  being  destined  to  receive  steam  from  an  adjoining  boiler. 
Those  which  consist  below  of  cast-iron  have  their  bottom  directly  exposed  to  a  very 
gentle  fire ;  round  the  outer  edge  of  the  iron  hemisphere  a  groove  is  cast,  into  which  the 
imder  edge  of  the  leaden  hemisphere  fits,  the  joint  being  rendered  air-tight  by  Roman 
or  patent  cement.  In  this  leaden  dome  there  are  four  apertures,  each  secured  by  a  water- 
lute.  The  first  opening  is  about  10  or  12  inches  square,  and  is  shut  with  a  leaden  valve, 
with  incnrvated  edges,  that  fit  into  the  water  channel  at  the  margin  of  the  hole.  It  is 
destined  for  the  admission  of  a  workman  to  rectify  any  derangement  in  the  apparatus  of 
rotation,  or  to  detach  hard  concretions  of  salt  from  the  bottom. 

The  ?econd  aperture  is  in  the  centre  of  the  top.  Here  a  tube  of  lead  is  fixed,  which 
descends  nearly  to  the  bottom,  and  down  through  which  the  vertical  axis  passes.  To 
its  lower  end  the  cross  bars  of  iron,  or  of  wood,  sheathed  with  lead,  are  attached,  by 
whose  revolution  the  materials  receive  the  proper  agitation  for  mixing  the  dense  manga- 
nese with  the  sulphuric  acid  and  salt.  The  motion  is  communicated  either  by  the  hand 
of  a  workman  applied  from  time  to  time  to  a  winch  at  top,  or  it  is  given  by  connecting 
the  axis  with  wheel  work,  impelled  by  a  stream  of  water  or  a  steam-engine.  The  third 
opening  admits  the  syphon- formed  funnel,  through  which  the  sulphuric  acid  is  introduced ; 
and  the  fourth  is  the  orifice  of  the  eduction-pipe. 

Manufacturers  diflTer  much  from  each  other  in  the  proportion  of  their  materials  for 
generating  chlorine.  In  general,  10  cwt.  of  salt  are  mixed  with  from  10  to  14  cwt.  of 
manganese,  to  which  mixture,  after  its  introduction  into  the  alembic,  from  12  to  14  cwt. 
of  sulphuric  acid  are  added  in  successive  portions.  That  quantity  of  oil  of  vitriol  must, 
however,  be  previously  diluted  with  Avater,  till  its  specific  gravity  becomes  about  1'6. 
But,  indeed,  tliis  dilution  is  seldom  actually  made,  for  the  manufacturer  of  bleaching- 
powder  almost  always  prepares  his  own  sulphuric  acid  for  the  purpose,  and  therefore 
carries  its  concentration  no  higher  in  the  leaden  boilers  than  the  density  of  1-65,  which 
from  my  table  of  sulphuric  acid,  indicates  f  of  its  weight  of  water,  and  therefore  | 
more  of  such  acid  must  be  used. 

The  fourth  aperture,  I  have  said,  admits  the  eduction  pipe.  This  pipe  is  afterwards 
conveyed  into  a  leaden  chest  or  cylinder,  in  which  all  the  other  eduction  pipes  also 
terminate.  They  are  connected  with  it  simply  by  water-lutes,  having  a  hydrostatic 
pressure  of  2  or  3  inches.  In  this  general  diversorinm  the  chlorine  is  washed  from 
adhering  muriatic  acid,  by  passing  through  a  little  water,  in  which  each  tube  is  im- 
mersed, and  from  this  the  gas  is  let  off  by  a  pretty  large  leaden  tube,  into  the  combina- 
tion room.  It  usually  enters  in  the  top  of  the  ceiling,  whence  it  diffuses  its  heavy  gas 
equally  round. 

Four  days  are  required,  at  the  ordinary  rate  of  working,  for  making  good  marketable 
bleach ing-powder.  A  more  rapid  formation  would  merely  endanger  an  elevation  of 
temperature,  productive  of  muriate  of  lime,  at  the  expense  of  the  bleaching  quality.  But 
skilful  manufacturers  use  here  an  alternating  process.  They  pile  up,  first  of  all,  the 
wooden  trays  only  in  alternate  shelves  in  each  column.  At  the  end  of  two  days  the 
distillation  is  intermitted,  and  the  chamber  is  laid  open.  After  two  hours  the  workman 
enters,  to  introduce  the  alternate  trays  covered  with  fresh  hydrate  of  lime,  and  at  the 
same  time  rakes  up  thoroughly  the  half-formed  chloride  in  the  others.  The  door  is  then 
secured,  and  the  chamber,  after  being  filled  for  two  days  more  with  chlorine,  is  again 
opened,  to  allow  the  first  set  of  trays  to  be  removed,  and  to  be  replaced  by  others,  eon 
taining  fresh  hydrate,  as  before.     Thus  the  process  is  conducted  in  regular  alternation ; 
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thus,  to  my  knowledge,  very  superior  bleaching-powder  is  manufactured,  and  thus  the 
chlorine  may  be  suti'ered  to  enter  in  a  pretty  uniform  stream.  But  for  this  judicious 
plan,  as  the  hydrate  advances  in  impregnation,  its  faculty  of  absorption  becoming 
diminished,  it  would  be  requisite  to  diminish  proportionately  the  evolution  of  chlorine, 
or  to  allow  the  excess  to  escape,  to  the  great  loss  of  the  proprietor,  and,  what  is  of  more 
consequence,  to  the  great  detriment  of  the  health  of  the  workmen. 

The  manufacturer  generally  reckons  on  obtaining  from  one  ton  of  rock-salt,  employed 
as  above,  a  ton  and  a  half  of  good  bleaching-powder.  But  the  following  analysis  of  the 
operation  will  show  that  he  ought  to  obtain  two  tons. 

When  a  mixture  of  sulphuric  acid,  common  salt,  and  black  oxyde  of  manganese  are 
the  ingredients  used,  as  by  the  manufacturer  of  bleaching-powder,  the  absolute  pro- 
portions are,  upon  the  oxygen  scale  of  equivalents :  — 

1  atom  muriate  of  soda         -         -        7-5  29*70  100-0 

1  atom  peroxyde  of  manganese  -        5-5  21*78  73-3 

2  atoms  oil  of  vitriol  1*846       -         -       12*25  48*52  163*3 


25.25 


And  the  products  ought  to  be  ;  — 

Chlorine  disengaged      -  -  1  atom. 

Sulphate  of  soda  -  -  1  — 

Prolo- sulphate  of  manganese       -  1  — 

Water  -  -  -  2  — 


100.00 

4*5 
9*0 
9*5 
2*25 


17-82 

35*64 

37-62 

8-92 


25*25  100*00 

These  proportions  are,  however,  very  different  from  those  employed  by  many,  nay, 
I  believe  by  all  manufacturers ;  and  they  ought  to  be  so,  on  account  of  the  impurity 
of  their  oxyde  of  manganese.  Yet  making  allowance  for  this,  I  am  afraid  that  many  of  them 
commit  great  errors  in  the  relative  quantities  of  their  materials. 

From  the  preceding  computation,  it  is  evident  that  1  ton  of  salt  with  1  ton  of  the 
above  native  oxyde  of  manganese  properly  treated,  would  yield  0*59  of  a  ton  of  chlorine, 
which  would  impregnate  1*41  tons  of  slaked  lime,  producing  2  tons  of  bleaching-powder, 
stronger  than  the  average  of  the  commercial  specimens ;  or  allowing  for  a  little  loss, 
which  is  unavoidable,  would  aflbrd  2  tonsjof  ordinary  powder,  with  a  little  more  slaked 
lime. 

Fig.  287  represents  a  retort  of  lead,  well  adapted  to  the  evolution  of  chlorine  from  the 


mixture  of  salt,  manganese,  and  sulphuric  acid,  or  from  manganese  and  muriatic  acid. 
The  interior  vessel  is  cast  in  lead,  and  it  has  round  its  bottom  part  a  cast-iron  steam 
cast.  The  salt  and  manganese  are  introduced  by  the  aperture  c,  and  the  sulphuric 
acid  by  the  syphon  funnel  f.  The  contact  of  these  three  substances  is  continually 
renewed  by  the  agitator  or  stirrer  b,  which  consists  of  wrought  or  cast  iron  sheathed 
with  lead,  c  is  the  gas  discharge  pipe.  The  residuums  are  drawn  off  by  the  bottom 
■'.ischarge  pipe  g.     The  healing  case  receives  its  steam  by  the  pipe  /(. 

The  chlorine  gns, fig.  288,  is  conveyed  from  the  retort  b  into  the  chamber  i,  by  the  tube 
EKE.  This  chamber  is  divided  into  four  compartments,  to  receive  the  gas  disengaged 
from  four  retorts,  like  the  above.  The  bottom  of  it  is  covered  with  a  stratum  three 
or  four  inches  thick  of  quicklime,  newly  slaked  and  sifted,  which  is  stirred   about  from 
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time  to  time,  by  the  rakes  l  l  l  l.  When  the  saturation  is  sufficient,  the  chloride  of 
lime  is  taken  out  by  the  doors  k  k  k  k.  The  size  of  this  apparatus  allows  2  cwt.  of 
manganese,  and  its  equivalent  quantity  of  salt  and  sulphuric  acid,  or  of  muriatic  acid,  to 
be  introduced  at  once  into  the  retort,     d  is  the  handle  of  the  agitator. 

The  same  form  of  retort  will  suit  perfectly  well  to  prepare  chlorine  for  making 
liquid  chloride  of  lime,  which  is  preferred  by  many  bleachers  and  calico-printers  who 
have  conveniences  for  preparing  it  themselves.  The  most  concentrated  solutions  of  the 
dry  chloride  of  lime  do  not  mark  more  than  6°  B.  (sp.  grav.  1"04),  and  discolor  only 
50  volumes  of  Gay  Lussac's  solution  of  indigo,  whilst  the  chloride  made  in  the  humid 
way  marks  from  8°  to  9°  B.  (about  1-060),  and  discolors  80  volumes  of  the  same 
solution. 

In  the  chloride  of  lime  apparatus,  most  generally  used  by  the  skilful  calico-printers  of 
Mulhausen,  the  mixture  of  muriatic  acid  and  manganese  is  put  into  glass  globes,  with 
long  necks,  heated  upon  a  sand-bath.  The  chlorine  is  conveyed  by  glass  tubes  into  a 
cylindrical  stone  cistern,  containing  milk  of  lime.  The  furnace  of  the  sand  baths  is  made 
of  cast  iron,  and  has  brick  partitions,  to  give  each  retort  its  own  fire.  The  smoke  of  all 
these  fires  goes  off  by  a  flue  into  sheet  iron  pipes.  The  cistern  is  made  of  siliceous  sand- 
stone. Its  cover  is  of  wood,  coated  with  a  resinous  cement;  and  it  fits  at  its  edges  into 
grooves  cut  in  the  stone.  A  wheel  serves  to  agitate  the  liqui#  continually;  its  paddles 
being  kept  at  two  inches  distance  from  the  sides  of  the  cistern.  The  milk  of  lime  is  in- 
troduced by  a  funnel,  and  the  chloride  is  drawn  off'  by  a  discharge  pipe.  I  think  the 
lead  retort  and  agitator  used  in  this  country  greatly  preferable  to  the  experimental  la- 
boratory plan  described  above.  In  all  such  apparatus  we  should  avoid  giving  any  pres- 
sure to  the  tubes  or  vessels,  and  should  not  therefore  dip  the  extremities  of  the  gas 
pipes  beneath  the  surface  of  the  liquid,  but  rather  facilitate  the  combination  of  the 
chlorine  and  the  lime,  by  enlarging  the  surfaces  of  contact  and  by  agitating.  Interme- 
diate vessels  containing  water,  or  the  chemical  cascade  of  M.  Clement,  are  very  useful 
for  absorbing  any  muriatic  acid  which  may  be  disengaged  along  with  the  chlorine,  and 
thereby  preventing  the  needless  formation  of  muriate  of  lime  in  the  chambers  or  cisterns 
of  impregnation. 

When  the  solution  of  the  chloride  of  lime  is  mixed  with  hydrate  of  lime,  it  bears,  with- 
out decomposing,  a  pretty  high  temperature,  provided  it  be  not  too  long  continued;  it 
may  even,  in  certain  cases,  be  raised  to  near  the  boiling  point  without  suffering  a  marked 
loss  of  its  discoloring  power;  but  when  the  chloride  is  deprived  of  that  excess  cf  lime,  it 
is  decomposed  in  a  short  time,  even  at  a  heat  of  1 10°  F. 

When  chlorine  is  admitted  to  milk  of  lime,  it  infallibly  produces  some  muriate  of 
lime ;  but  the  quantity  is  kept  at  a  mmimvm  by  constantly  presenting  an  excess  of  lime 
to  the  sas  with  the  agitator,  and  by  keeping  the  temperature  as  low  as  possible.  Hence 
the  influx  of  gas  should  not  be  so  rapid  as  to  generate  much  heat.  An  automatic  agita- 
tor, moved  by  steam  or  water  power,  is  therefore  much  belter  than  one  driven  by  the  hand 
of  the  operator,  who  is  apt  to  intermit  his  labors.  If  the  liquor  becomes  hot  at  the  end 
of  the  process,  it  should  be  immediately  drawn  ofi"  into  large  stone  bottles,  and  cooled. 
The  rose-color,  which  sometimes  supervenes,  is  due  to  a  minute  quantity  of  manganese. 
The  strongest  liquid  chloride  of  lime  that  can  be  prepared  will  not  discolor  more  than  80 
times  its  volume  of  Gay  Lussac's  indigo  test. 

On  actins:  upon  cotton  cloth  with  a  concentrated  solution  of  chloride  of  lime,  at  from 
110°  to  120°  F.,  pure  carbonic  acid  gas  is  disengaged,  and  the  texture  of  the  cloth  is 
injured.  Mere  the  hydrogen  of  the  water  and  the  cotton  being  seized  by  the  chlorine, 
the  liberated  oxysen  combines  with  the  carbon  to  form  carbonic  acid.  In  the  discharge 
troughs  where  printed  calicoes  are  passed  through  strong  solutions  of  chloride  of  lime, 
stalactitic  crusts  of  carbonate  of  lime  come  to  be  formed  in  this  way. 

The  ch!oromefre  of  Gay  Lussac  consists  of  a  test  solution  of  indigo  and  a  graduated 
tube.  One  part  of  the  best  indigo,  passed  through  a  silk  sieve,  is  to  be  dissolved  in 
nine  parts  of  concentrated  sulphuric  acid,  by  the  aid  of  a  water-bath  heat  applied  for 
six  hours.  The  sulphate  of  indigo  is  now  to  be  diflused  through  such  a  body  of  water 
that  one  volume  of  chlorine  gas  shall  discolor  exactly  ten  times  its  volume  of  this  dilute 
solution.     The  test  liquor  should  be  protected  from  the  agency  of  light. 

Mr.  Crum,  of  Thorniebank,  near  Glasgow,  has  lately  modified  Dr.  Dalton's  copperas 
test  for  chloride  of  lime,  and  made  it  convenient  to  the  practical  man.  The  doctor  justly 
considered  that  the  more  chlorine  any  bleaching  powder  contains,  the  more  of  the  green 
sulphate  of  iron  will  it  convert  into  the  red  sulphate,  so  that  we  have  only  to  add  suc- 
cessive portions  of  the  chloride  to  a  given  weight  of  the  dissolved  copperas,  and  note 
the  point  at  which  all  the  iron  gets  peroxydized.     See  Bleaching. 

Besides  the  method  of  analysis  already  quoted  from  my  memoir  on  the  manufacture 
of  the  chloride  of  lime,  another  occurred  to  me  long  ago,  which  1  often  practised  as  an 
easy  and  expeditious  test.  Chlorine  decomposes  ammonia.  If  therefore  water  of 
ammonia,  faintly  tinged  with  litmus,  be  added  slowly  to  a  solution  of  a  given  weight  of 
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chloride  of  lime,  the  color  will  continue  to  disappear  till  the  chlorine  he  all  neutralized 
by  the  reaction  of  the  hydrogen  of  the  ammonia.  The  quantity  of  liquid  ammonia  of  a 
certain  strength  requisite  to  neutralize  in  this  way  a  certain  volume,  say  one  cubic  inch, 
or  a  thousand  grain  measures  of  chlorine  gas,  may  be  assumed  as  the  standard  of  such 
a  chlorometer.  As  chlorine  or  ^chloride  of  lime,  when  mixed  with  water  of  auimonia, 
causes  the  disengagement  of  azote,  the  quantity  of  this  gas  evolved  may  also  be  made 
the  foundation  of  an  accurate  and  convenient  chlorometer.  The  two  substances  should 
be  mixed  over  mercury,  in  a  graduated  syphon  tube.  The  shut  end  a  and  the  open  end  b 
are  both  graduated  to  one  scale  ;  for  example,  to  hundredths  of  a  cubic  inch,  or  to  grain 
289  or  10  grain  measures.  The  tube  is  to  be  filled  with  mercury,  and  then  10 
measures  of  it  are  to  be  displaced  at  the  open  end,  by  inserting  a  wooden 
plug.  This  space  being  filled  with  the  solution  of  chloride  of  lime,  is  to  be 
turned  up  into  the  shut  end  by  covering  the  open  end  with  the  finger,  and  in- 
verting the  tube;  a  few  drops  of  water  may  be  sent  through  to  wash  the  mer- 
cury. The  ammonia  being  now  let  up,  will  cause  a  reaction,  and  evolve  a 
quantity  of  azote,  equivalent  to  the  chlorine  present.  The  action  may  be 
quickened  by  liolding  the  sealed  end  of  the  tube  obliquely  over  a  lamp  heat. 
The  mercury  is  protected  from  the  chlorine  by  the  ammonia ;  and  should  any 
notion  be  entertained  of  such  an  action,  the  ammonia  may  be  let  up  first.  I 
V^  j  have  made  innumerable  researches  over  mercury  with  a  detached  apparatus 
of  that  kind,  which  combines  precision  with  rapidity  of  result.  It  was  by  a 
similar  mercurial  syphon  that  I  analyzed  the  carbonates,  as  described  in  the  first  edition 
of  my  Dictionary  of  Chemistry,  iwenly-one  years  ago. 

M.  Gay  Lussac  takes,  as  the  basis  of  his  indigo  chlorometer,  the  fact,  that  one  pound 
of  pure  crystallized  peroxyde  of  manganese  is  capable  of  affording,  with  muriatic  acid, 
0-7964  parts  of  a  pound  of  chlorine;  or  one  kilosramme  yields  251  j  litres;  that  is,  one 
pound  yields  25 Ij  pound  measures.  Hence  3-98  grammes  of  that  manganese  are  capa- 
ble of  affording  1000  gramme  measures,  or  1  litre  of  chlorine;  or,  in  round  numbers,  4 
grains  will  yield  1000  grain  measures.  This  quantity  of  gas,  being  received  into  that 
volume  of  milk  of  lime,  constitutes  therefore  Gay  Lussac's  primary  standard.  The  small 
retort  in  which  the  manganese  and  muriatic  acid  are  put,  ought  to  be  heated  to  ebullition, 
to  discharge  every  particle  of  chlorine.  To  prevent  the  manganese,  in  this  experiment, 
from  sticking  to  the  bottom  in  a  cake,  it  has  been  proposed  to  mix  it  previously  with  a 
little  plumbago.     See  Chloromktry. 

For  preparing  the  chloi-ides  of  potash  and  soda,  the  same  apparatus  may  be  employed 
as  for  the  liquid  chloride  of  lime.  The  alkaline  solutions  should  be  weak,  containing 
not  more  than  a  pound  to  the  gallon  of  v/ater.  Potash  liquor  saturated  with  chlorine,  is 
much  employed  at  Paris  for  whitening  linen,  under  the  name  of  the  water  of  Javelle,  the 
place  where  it  was  first  made  as  a  manufacture.  One  hundred  parts  of  chlorine  are 
said  to  saturate  133  parts  of  pure  potash,  and  195  of  the  carbonate ;  but  the  latter  should 
not  be  used  for  preparing  the  bleaching  fluid,  as  the  carbonic  acid  resists  the  combina- 
tion of  the  chlorine.  A  chloride  of  carbonate  of  soda  has  been  lately  recommended  as 
a  disinfecting  substance  against  contagious  miasmata  or  fomiies.  One  hundred  parts 
of  chlorine  will  saturate  150  of  the  dry  carbonate,  and  405  of  the  crystallized.  M. 
Payen  prepares  this  medicinal  chloride  by  adding  138  parts  of  carbonate  of  soda  to  a 
liquid,  consisting  of  water  1800,  chloride  of  lime  100,  at  98*^  of  strength,  by  Gay 
Lussac's  standard.  The  chloride  of  lime  is  to  be  dissolved,  and  the  sediment  well  wash- 
ed ;  the  carbonate  of  soda,  dissolved  by  heat,  is  to  be  poured  into  the  solution,  the  preci- 
pitate allowed  to  subside,  the  clear  fluid  decanted,  and  the  solid  matter  washed  upon  a 
filter.  The  collected  solutions  are  neutral  chloride  of  soda.  Sixty-two  parts  of  the  car- 
bonate of  soda  are  then  to  be  dissolved  in  the  remainder  of  the  water,  and  added  to  the 
preparation ;  the  whole  being  thus  filtered,  a  limpid  liquor  is  obtained,  indicating  5°  by 
the  hydrometer  of  Baume. 

The  chloride  of  magnesia  was  long  ago  proposed  by  Sir  H.  Davy  for  bleaching 
linen,  as  being  preferable  to  chloride  of  lime,  because  the  resulting  muriate  of 
magnesia  was  not  injurious  to  the  fibre  of  cloth,  as  muriate  of  lime  may  be,  under 
certain  circumstances.  I  prepared  a  quantity  of  chloride  of  magnesia,  by  exposing  a 
hydrate  of  that  earth  in  the  chlorine  chamber  of  a  large  manufactory  of  chloride  of 
lime  at  Glasgow,  and  obtained  a  compound  possessed  of  considerable  discoloring 
powers;  but  I  found  that  the  chlorine  was  so  feebly  saturated  by  the  base,  that  it 
destroyed  the  colors  of  fast-dyed  calicoes  as  readily  as  chlorine  gas  or  chlorine  water  did, 
and  was  therefore  dangerous  for  common  bleaching,  and  destructive  in  clearing  the 
grounds  of  printed  goods,  which  is  one  of  the  most  valuable  ai)plications  of  the 
calcareous  and  alkaline  chlorides.  The  occasion  of  my  making  these  experiments 
was  the  importation  of  a  considerable  quantity  of  magnesite,  or  native  atomic  carbonate 
of  magnesia,  from  the  district  of  Madias,  by  an  enterprising  friend  of  mine  Encouraged 
by  the  encomiums  bestowed  on  the  chloride  of  magnesia  by  many  chemical  writers,  he 
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expected  to  have  benefited  both  the  country  and  himself,  by  bringing  home  the  earthy  base 
of  that  compound,  at  a  moderate  price ;  but  was  disappointed,  to  his  cost. 

Dr.  Thomson  is  of  opinion  that  the  bleaching  compound  of  lime  and  chlorine  is  not  a 
chloride  of  lime,  but  a  combination  of  chlorous  acid  with  lime  and  of  chlorine  with  cal- 
cium ;  consisting  in  its  most  concentrated  state  of 

3  atoms  of  chloride  of  calcium  =  21 
1  atom  of  chlorite  of  lime    -     =11 

"32 

So  that  about  one  third  of  the  weight  is  chlorite  of  lime,  to  which  alone  the  bleaching 
powers  of  the  substance  are  owing.  He  admits  a  fact,  rather  inconsistent  with  this  opin- 
ion, that  bleaching  powder  does  not  attract  moisture  from  the  atmosphere  with  nearly  so 
much  rapidity  as  might  be  expected  from  a  mixture  containing  two  thirds  of  its  weight 
of  so  deliquescent  a  salt  as  muriate  of  lime;  unless  this  indeed  be  prevented  by  the  chlo- 
ride and  chlorite  being  united  into  a  double  salt,  which  is  a  mere  conjecture  without 
either  proof  or  analogy.  And  further,  when  dilute  sulphuric  or  muriatic  acid  is  poured 
upon  bleaching  powder,  a  profusion  of  chlorine  is  given  out  immediately,  which  he  also 
admits  to  be  inconsistent  with  the  notion  of  its  being  a  mixture  of  chloride  of  calcium  and 
chlorite  of  lime,  for  no  such  evolution  takes  place  when  the  above  acids  are  mixed  with 
solutions  of  chloride  of  calcium  and  chlorate  of  potash.  Though  I  am  of  opinion  that 
bleaching  powder  is  simply  a  chloride  of  lime,  in  which  the  lime  corresponds  to  the  water 
in  the  aqueous  chlorine,  yet  I  cannot  see  the  truth  or  appositeness  of  his  last  reason,  be- 
cause chlorine  is  certainly  given  out  when  chlorate  of  potash  is  acted  upon  by  dilute  mu- 
riatic acid,  as  any  man  may  prove  by  adding  to  a  mixture  of  these  two  substances  a  ve- 
getable color ;  for  it  will  be  speedily  blanched.  Dr.  Thomson  considers  the  chloride  which 
is  at  present  made  in  Mr.  Tennant's  great  factory,  as  containing  one  atom  of  chlorine  as- 
sociated with  one  atom  of  lime,  or,  taking  his  numbers,  as  consisting  of 

Hydrate  of  lime  4-625 

Chlorine  -  4-5 
Or  nearly  equal  weights  of  the  chlorine  and  the  base;  indicating  a  surprising  degree  of 
excellence  in  the  preparation.  The  average  commercial  samples  of  bleaching  powder 
from  diH'erent  factories  which  I  examined  some  years  ago,  did  not  possess  nearly  that 
strength;  but  varied  in  their  quantity  of  chlorine  from  20  to  28  per  cent.  In  my  synthe- 
tic experiments  related  above,  the  greatest  quantity  of  chlorine  that  would  combine  with 
the  atomic  hydrate  of  lime,  was  in  the  proportion  of  130  to  200 ;  but  there  is  no  doubt 
that  if  the  lime  contains  additional  water,  it  will  condense  more  gas.  I  have  never  seen 
a  chloride  of  lime  of  the  strength  mentioned  by  Dr.  Thomson,  and  I  should  think  there 
must  be  some  fallacy  in  his  statements.  I  have  recorded  in  the  paper  above  quoted  an 
experiment  which  proves  that  with  additional  moisture,  a  chloride  of  lime  may  be  obtain- 
ed of  the  following  composition  :  — 

Chlorine  39-5 
Lime  -  39-9 
Water  -  20-6 

100  0 

In  the  article  Bleaching,  of  the  Encyclopcedia  Britannica,  Dr.  Thomson  deduces  from 
a  test  trial  of  Mr.  Crum,  that  the  best  bleaching  powder  is  a  compound  of  1  atom  chlo- 
rite of  lime  =  11,  3  atoms  chloride  of  calcium  =  21,  and  8  atoms  of  water  =  9.  "  But," 
adds  he,  "  in  general  the  whole  lime  is  not  accurately  saturated  with  chlorine.     Accord- 
ingly, when  the  bleaching  powder  is  dissolved  in  water  a  small  residue  almost  always  re- 
mains undissolved.     Unless  the   powder  be  fresh  made,  a  portion  of  chlorite  is  always 
converted  into  chloride  of  calcium.     It  is  probable  therefore  that  the  best  bleaching  pow- 
der, as  it  comes  into  the  hands  of  the  bleachers,  consists  of 
1  atom  chlorite  of  lime      -     11 
3  atoms  chloride  of  calcium   21 
6  atoms  water      -        -  6-75 

Impurity  -        -  2-25 

41-00 

"  IC  we  consider  the  bleaching  powder  as  a  compound  of  chlorine  and  lime,  our  mode  of 
calculating  will  not  be  altered.  Instead  of  1  atom  chlorite  of  lime,  and  3  atoms  chloride 
of  calcium,  we  shall  have  4  atoms  chloride  of  lime,  6  atoms  water,  and  2-25  of  impurity 
as  before."  In  such  ambiguity  does  this  able  chemist  place  this  interesting  compound, 
for  theoretical  reasons,  of  which  I  cannot  see  the  value.  Surely  there  is  no  difficulty  in 
conceiving  chlorine  to  exercise  a  direct  attractive  force  towards  the  hydrate  of  lime,  as  it 
is  known  to  do  towards  each  of  its  elementary  constituents,  the  oxygen  and  the  calcium. 
Such  refinements  as  the  preceding  tend  merely  to  mystify  a  plain  matter.     Even  the 
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chlorous  acid  here  brought  into  play  to  form  the  ideal  chlorite,  is  by  his  own  admission 
a  hypothetical  being.  "  When  chlorate  of  potash,"  says  Dr.  Thomson,  "  is  mixed  with 
sulphuric  acid,  and  made  into  small  balls  the  size  of  a  pea,  if  we  expose  these  balls  to  a 
heat  somewhat  lower  than  that  of  boiling  water,  a  bright  yellowish  green  gas  separates, 
which  may  be  received  over  mercury.  Its  smell  is  peculiar  and  aromatic.  Water  absorbs 
at  least  seven  times  its  volume  of  it.     It  destroys  vegetable  blues.     Its  constituents  are — 

1  volume  chlorine  2*5      or  4-5. 

2  volumes  oxygen  2*222  or  4. 

Thus  this  compound  consists  in  weight  of  chlorine  4*5,  oxygen  4=8'5.  It  has  been  called 
quarteroxyde  of  chlorine,  but  it  is  more  probably  a  teroxyde.  It  has  been  supposed  by 
some  to  possess  acid  properties,  and  has  therefore  been  called  chlorous  acid.  But  this  is 
only  as  yet  a  hypothesis." 

Surely  this,  by  the  doctor's  own  showing,  is  very  slender  authority  for  renouncing  our 
long-received  doctrines  concerning  the  constitution  of  bleaching  powder.  I  shall  con- 
clude by  remarking  that  the  ultra-atomists  are  now  in  a  dilemma  about  this  substance ; 
M.  Welter,  and  many  French  chemists  calling  it  a  sub-chloride,  of  1  atom  of  chlorine  to 
2  atoms  of  lime,  and  Dr.  Thomson  showing  that  Mr.  Tennant,  the  greatest  and  best  man- 
ufacturer of  it,  has  produced  it  in  the  state  of  a  chloride,  or  1  atom  of  each.  The  fact  is, 
in  chloride  of  lime,  as  in  water  of  ammonia,  alcohol,  and  muriatic  acid,  there  is  no  suffi- 
cient reason  for  definite  proportion  in  any  term  short  of  saturation,  and  therefore  we  shall 
find  that  chloride  in  every  gradation  of  strength  from  one  per  cent,  of  chlorine  up  to  40 
per  cent. — the  strongest  which  I  succeeded  in  preparing,  though  I  passed  a  constant 
stream  of  chlorine  in  great  excess  over  a  pure  hydrate  of  lime  for  upwards  of  24  hours, 
with  frequent  renewal  of  the  surface  ;  indeed,  till  it  refused  to  absorb  any  more  gas,  as 
indicated  by  its  remaining  stationary  in  weight. 

CHLOROMETRY ;  Chlorometrie,  is  the^name  given  by  the  French  to  the  process  for 
testing  the  decoloring  power  of  any  combination  of  chlorine,  but  especially  of  the  com- 
mercial articles,  the  chlorides  of  lime,  potash,  and  soda.  M.  Gay  Lussac  proposed  ma.ny 
years  ago  the  following  graduated  method  of  applying  indigo  to  this  purpose.  As  indigo 
varies  much  in  its  dyeing  quality,  and  of  consequence  in  the  proportion  of  chlorine  re- 
quired for  its  decoloration,  he  assumes  as  the  unity  of  blanching  power,  one  litre  of  chlo- 
rine gas,  measured  at  the  mean  pressure  of  29*6  inches,  and  at  the  temperature  of  melting 
ice.  This  volume  of  gas,  when  combined  with  a  determinate  quantity  of  water,  is  em- 
ployed to  test  the  standard  solution  of  indigo.  For  this  purpose  a  solution  in  sulphuric 
acid  of  any  sample  of  indigo  is  taken,  and  diluted  with  water  to  such  a  degree  that  10 
measures  of  it,  in  a  graduated  tube,  are  decolored  by  that  one  measure  of  combined  chlo- 
rine gas.  Each  measure  of  indigo  solution  so  destroyed  is  called  a  degree,  and  this  meas- 
ure being  divided  into  five  parts,  the  real  test  of  chlorine  is  given  to  fiftieths,  which  is 
sufficiently  nice.  For  the  standard  of  the  assays,  a  chloride  of  lime  as  pure  and  fully 
saturated  as  possible  is  taken,  and  dissolved  in  such  a  quantity  of  water,  that  the  solution 
shall  contain,  or  be  equivalent  to,  one  volume  of  chlorine  gas.  Calculation  proves  that 
this  condition  is  exactly  fulfilled  by  dissolving  4938  grammes  of  the  said  chloride  in  half  a 
litre  of  water  ;  or  in  English  measures,  5  gr.  very  nearly  in  500  grain  measures  of  water. 
This  solution,  which  serves  for  a  type,  indicates  10°  in  the  assay,  or  proof;  that  is  to  say, 
each  single  volume  destroys  the  color  of  10  volumes  of  the  dilute  indigo  solution.  It  may 
be  remarked  that  a  greater  degree  of  precision  is  in  general  attainable  with  a  weak  so- 
lution of  chlorine  or  a  chloride,  for  example  at  4°  or  5°,  than  with  one  much  stronger; 
consequently  if,  after  a  preliminary  trial,  the  standard  considerably  exceeds  10°,  a  given 
volume  of  water  must  be  added  to  the  solution,  and  then  the  above  proof  must  be  taken. 
If  the  volume  of  water  added  was  double,  the  number  of  degrees  afterward  found  must 
be  tripled,  to  obtain  the  true  title  of  the  chloride.  It  is,  however,  to  be  observed  that 
the  degree  of  decoloration  varies  with  the  time  taken  in  making  the  mixture;  the  more 
slowly  the  chlorine  is  added  to  the  indigo,  the  less  of  it  escapes  into  the  atmosphere, 
and  the  more  effective  it  becomes  in  destroying  the  col6r.  The  best  mode  of  ob- 
taining comparable  results,  is  to  pour  suddenly  into  the  test  quantity  of  chlorine  the 
whole  volume  of  the  indigo  solution  likely  to  be  decolored  ;  but  it  is  requisite  to  find  ap- 
proximately beforehand,  what  quantity  of  indigo-blue  will  probably  be  destroyed. 
When  it  comes  to  the  verge  of  destruction,  it  is  green ;  but  yellowish-brown  when  en- 
tirely decomposed. 

I  have  tried  the  indigo  test  in  many  ways,  but  never  could  confide  in  it.  The  sulphu- 
ric solution  of  indigo  is  very  liable  to  change  by  keeping,  and  thus  to  lead  to  erroneous 
results.  The  method  of  testing  the  chlorides  by  green  sulphate  of  iron,  described  under 
bleaching,  is  in  my  opinion  preferable  to  the  above. 

M.  Gay  Lussac  has  recently  proposed  another  proof  of  chlorine,  founded  on  the  same 
principle  as  that  by  green  vitriol,  namely,  the  quantity  of  it  requisite  to  raise  a  metallic 
substance  from  a  lower  to  a  higher  stage  of  oxydizement.  He  now  prescribes  as  the 
preferable  plan  of  chlorometry,  to  pour  very  slowly  from  a  graduated  glass  tube,  a 
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standard  solution  of  the  chloride,  to  be  tested  upon  a  determinate  quantity  of  arsenious  acid 
dissolved  in  muriatic  acid,  till  the  whole  arsenions  be  converted  into  the  arsenic  acid.  The 
value  of  the  chloride  is  greater  the  less  of  it  is  required  to  produce  this  effect.  It  is  easy 
to  recognise,  by  a  few  drops  of  solution  of  indigo,  the  instant  when  all  the  arsenious  acid 
has  disappeared ;  for  then  the  blue  tint  is  immediately  effaced,  and  cannot  be  restored  by 
the  addition  of  a  fresh  drop  of  the  indigo  solution. 

In  graduating  the  arsenical  chlorometer,  M.  Gay  Lussac  takes  for  his  unity  the  decol- 
oring power  of  one  volume  of  chlorine  at  32°  Fahr.,  and  divides  it  into  100  parts.  Sup- 
pose that  we  prepare  a  solution  of  chlorine  containing  its  own  volume  of  the  gas,  and  an 
arsenious  solution,  such,  that  under  a  like  volume,  the  two  solutions  shall  reciprocally  de- 
stroy each  other.  Let  us  caU  the  first,  the  normal  solution  of  chlorine,  and  the  second, 
the  normal  arsenious  solution.  We  shall  fix  at  10  grammes  the  weight  of  chloride  of  lime 
subjected  to  trial;  and  dissolve  it  in  water,  so  that  the  total  volume  of  the  solution  shall 
be  a  litre  (1000  grammes  measure),  including  the  sediment.  If  we  take  a  constant  vol- 
ume of  this  solution,  10  centimetres  cube  (10  gramme  measures),  for  example,  divided  in- 
to 100  equal  parts,  and  pour  into  it  gradually  the  arsenious  solution  (measured  by  like 
portions),  till  the  chlorine  be  destroyed,  the  bleaching  power  will  be  proportional  to  the 
number  of  portions  of  the  arsenious  solution,  which  the  chloride  shall  have  required. 
If  tne  chloride  has  destroyed  100  portions  of  the  arsenious  solution,  its  title  will  be  100 ; 
if  it  has  destroyed  80  portions,  its  title  will  be  80,  &c.,  and  so  forth. 

On  pouring  the  acidulous  arsenious  solution  into  the  chloride  of  lime,  this  will  become 
very  acid  ;  the  chlorine  Avill  be  emitted  abundant!}',  and  the  proof  will  be  quite  incorrect. 
If,  on  the  contrary,  we  pour  the  solution  of  the  chloride  of  lime  into  the  arsenious  solu- 
tion, this  evil  will  not  occur,  since  the  chlorine  will  always  find  plenty  of  arsenious  acid 
to  act  upon,  whatever  be  the  dilution  of  the  one  or  the  other ;  but  in  this  case,  the  stand- 
ard of  the  chlorine  is  not  given  directly,  as  it  is  in  the  inverse  ratio  of  the  number  of 
portions  which  are  required  to  destroy  the  measures  of  the  arsenious  solution.  If  50 
portions  of  the  chloride  have  been  required,  the  proof  will  be  lOOX^-g-^  —200° ;  if  200 
have  been  required,  the  proof  will  be  100X-|-^^=50°,  &c.  This  evil  is  not,  however, 
very  serious,  since  we  have  merely  to  consult  a  table,  in  which  we  can  find  the  proof 
corresponding  to  each  volume  of  the  chloride  employed  for  destroying  the  constant 
measure  of  the  arsenious  solution.  The  arsenious  solution  should  be  slightly  tinged  with 
sulphate  of  indigo,  so  as  to  show,  by  the  disappearance  of  the  color,  the  precise  point  or 
instant  of  its  saturation  with  chlorine,  that  is,  its  conversion  into  arsenic  acid.  If  the 
arsenious  acid  be  pure,  the  normal  solution  may  be  made  directly  by  dissolving  4-439 
grammes  of  it  in  muriatic  acid  (free  from  sulphurous  acid),  and  diluting  the  solution 
till  it  occupies  one  litre,  or  1000  grammes  measure.  Annales  de  Chimie  et  Physique, 
LX.  225. 

CHOCOLATE  is  an  alimentary  preparation  of  verj'  ancient  use  in  Mexico,  from 
which  country  it  was  introduced  into  Europe  by  the  Spaniards  in  the  year  1520,  and  by 
them  long  kept  a  secret  from  the  rest  of  the  world.  Linnaeus  was  so  fond  of  it,  that  he 
gave  the  specific  name,  throbroma,  food  of  the  gods,  to  the  cacao-tree  which  produced 
it.  The  cacao-beans  lie  in  a  fruit  somewhat  like  a  cucumber,  about  5  inches  long  and 
3^  thick,  which  contains  from  20  to  30  beans,  arranged  in  5  regular  rows  with  parti- 
tions between,  and  which  are  surrounded  with  a  rose-colored  spongy  substance,  like 
that  of  water-melons.  There  are  fruits,  however,  so  large  as  to  contain  from  40  to  50 
beans.  Those  grown  in  the  West  India  islands,  Berbice  and  Demarara,  are  much 
smaller,  and  have  only  from  6  to  15 ;  their  development  being  less  perfect  than  in 
South  America.  After  the  maturation  of  the  fruit,  when  their  green  color  has  changed 
to  a  dark  yellow,  they  are  plucked,  opened,  their  beans  cleared  of  the  marrowy  sub- 
stance, and  spread  out  to  dry  in  the  air.  Like  almonds,  they  are  covered  with  a  thin 
skin  or  husk.  In  the  West  Indies  they  are  immediately  packed  up  for  the  market 
when  they  are  dried ;  but  in  the  Caraccas  they  are  subjected  to  a  species  of  slight  fer- 
mentation, by  puttins;  them  into  tubs  or  chests,  covering  them  with  beards  or  stones, 
and  turning  them  over  every  morning,  to  equalize  the  operation.  They  emit  a  good 
deal  of  moisture,  lose  the  natural  bitterness  and  acrimony  of  their  taste  by  this  process, 
as  well  as  some  of  their  weight.  Instead  of  wooden  tubs,  pits  or  trenches  dug  in  the 
ground  are  sometimes  had  recourse  to  for  curing  the  beans;  an  operation  called  earthing 
(ierrer).  They  are  lastly  exposed  to  the  sun,  and  dried.  The  latter  kind  are  reckoned 
the  best;  being  larger,  rousher,  of  a  darker  brown  color,  and,  when  roasted,  thi-ow  off 
their  husk  readily,  and  split  into  several  irregular  fragments;  they  have  an  agreeable 
mild  bitterish  taste,  without  acrimony.  The  Guiana  and  West  India  sorts  are  smaller, 
flatter,  smoother-skinned,  lighter-colored,  more  sharp  and  bitter  to  the  taste.  They 
answer  best  for  the  extraction  of  the  butter  of  cacao,  but  aflord  a  less  aromatic  and 
agreeable  chocolate.  According  to  Lampadius,  the  kernels  of  the  West  India  cacao 
beans  contain,  in  100  parts,  besides  water,  53*1  of  fat  or  oil,  16-7  of  an  albuminous 
brown  matter,  which  contains  all  the  aroma  of  the  bean,  10*91  of  starch,  7|  of  gum  or 
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mucilage,  0*9  of  Hgnine,  and  2-01  of  a  reddish  dye-stuff  somewhat  akin  to  the  pigment  of 
cochineal.  The  husks  form  12  per  cent,  of  the  weight  of  the  beans ;  they  contain  no  fat, 
but,  besides  lignine,  or  woody  fibre,  which  constitutes  half  their  weight,  they  yield  a 
light  brown  mucilaginous  extract  by  boiling  in  water.  The  fatty  matter  is  of  the  con- 
sistence of  tallow,  white,  of  a  mild  agreeable  taste,  called  butter  of  cacao,  and  not  apt  to 
turn  rancid  by  keeping.  It  melts  only  at  122°  Fahr.,  and  should,  therefore,  make  tolera- 
ble candles.  It  is  soluble  in  boiling  alcohol,  but  precipitates  in  the  cold.  It  is  obtained 
by  exposing  the  beans  to  strong  pressure  in  canvass  bags,  after  they  have  been  steamed 
or  soaked  in  boiling  water  for  some  time.  From  5  to  6  ounces  of  butter  may  be  thus  ob- 
tained from  a  pound  of  cacao.  It  has  a  reddish  tinge  when  first  expressed,  but  it  becomes 
white  by  boiling  with  water. 

The  beans,  being  freed  from  all  spoiled  and  mouldy  portions,  are  to  be  gently  roasted 
over  a  fire  in  an  iron  cylinder,  with  holes  in  its  ends  for  allowing  the  vapors  to  escape; 
the  apparatus  being  similar  to  a  cofl'ee-roaster.  When  the  aroma  begins  to  be  well  de- 
velojied,  the  roasting  is  known  to  be  finished;  and  the  beans  must  be  turned  out,  cooled, 
and  freed  by  fanning  and  sifting  from  their  husks.  The  kernels  are  then  to  be  con- 
verted into  a  paste,  either  by  trituration  in  a  mortar  heated  to  130°  F.,  or  by  the  follow- 
ing ingenious  and  powerful  machine.  The  chocolate  paste  has  usually  in  France  a  little 
vanilla  incorporated  with  it,  and  a  considerable  quantity  of  sugar,  which  varies  from 
one  third  of  its  weight  to  equal  parts.  For  a  pound  and  a  half  of  cacao,  one  pod  of  va- 
nilla is  suflicient.  Chocolate  paste  improves  in  its  flavor  by  keeping,  and  should  there- 
fore be  made  in  large  quantities  at  a  time.  But  the  roasted  beans  soon  lose  their  aroma, 
if  exposed  to  the  air. 


Fig.  290  represents  the  chocolate  mill.  Upon  the  sole  a,  made  of  marble,  six  conical 
rollers  b  n,  are  made  to  run  by  the  revolution  of  the  upright  axis  or  shaft  q,  driven  by 
the  agency  of  the  fly  wheel  e  and  bevel  wheels  i  k.  The  sole  a  rests  upon  a  strong 
iron  plate,  which  is  heated  by  a  small  stove,  introduced  at  the  door  h.  The  wooden 
frame  work  f,  forms  a  ledge,  a  few  inches  high,  round  the  marble  slab,  to  confine 
the  cocoa  in  the  act  of  trituration,  c  is  the  hopper  of  the  mill  through  which  the 
roasted  beans  are  introduced  to  the  action  of  the  rollers,  passing  first  into  the  flat 
vessel  n,  to  be  thence  evenly  distributed.  After  the  cacao  has  received  the  first  tritura- 
tion, the  paste  is  returned  upon  the  slab,  in  order  to  be  mixed  with  the  proper  quantity 
of  susar,  and  vanilla,  previously  sliced  and  ground  up  with  a  little  hard  sugar.  When 
the  chocolate  is  sufliciently  worked,  and  while  it  is  thin  with  the  heat  and  trituration, 
it  must  be  put  carefully  into  the  proper  moulds.  If  introduced  too  warm,  it  will  be 
apt  to  become  damp  and  dull  on  the  surface  ;  and,  if  too  cold,  it  will  not  take  the  proper 
form.  It  must  be  previously  well  kneaded  with  the  hands,  to  ensure  the  expulsion  of 
every  air  bubble. 

In  Barcelona,  chocolate  mills  on  this  construction  are  very  common,  but  they  are 
turned  by  a  horse-gin  set  to  work  in  the  under  story,  corresponding  to  h  in  the  above 
figur».    The  shaft  g  is,  in  this  case,  extended  down  through  the"  marble  slab,  and  is 


300  CHROMIUM. 

surrounded  at  its  centre  with  a  hoop,  to  prevent  the  paste  coming  into  contact  with  it. 
Each  of  these  horse-mills  turns  out  about  ten  pounds  of  fine  chocolate  in  the  hour,  from 
a  slab  two  feet  seven  inches  in  diameter. 

Chocolate  is  flavored  with  cinnamon  and  cloves,  in  several  countries,  instead  of  the 
more  expensive  vanilla.  In  roasting  the  beans,  the  heat  should  be  at  first  very  slow,  to 
give  time  to  the  humidity  to  escape ;  a  quick  fire  hardens  the  surface,  and  injures  the 
process.  In  putting  the  paste  into  the  tin  plate,  or  other  moulds,  it  must  be  well 
shaken  down,  to  ensure  its  filling  up  all  the  cavities,  and  giving  the  sharp  and  polished 
impression  so  much  admii'ed  by  connoisseurs.  Chocolate  is  sometimes  adulterated  with 
starch ;  in  which  case  it  will  form  a  pasty  consistenced  mass  v/hen  treated  with  boiling 
water.  The  harder  the  slab  upon  which  the  beans  are  triturated,  the  better ;  and  hence 
porphyry  is  far  preferable  to  marble.  The  grinding  rollers  of  the  mill  should  be  made  of 
iron,  and  kept  vei7  clean. 

CHROMATES,  saline  compounds  of  chromic  acid  with  the  bases.  See  Chro- 
mium. 

CHROMIC  ACID;  see  Chromium. 

(Chromium.  The  only  ore  of  this  metal,  which  occurs  in  sufficient  abundance 
for  the  purposes  of  art,  is  the  octohedral  chrome-ore,  commonly  called  chromate  of  iron, 
though  it  is  rather  a  compound  of  the  oxydes  of  chromium  and  iron.  The  fracture  of 
this  mineral  is  uneven  ;  its  lustre  imperfect  metallic;  its  color  between  iron-black  and 
brownish-black,  and  Its  streak  brown.  Its  specific  gravity,  in  the  purest  state,  rises 
to  4-5 ;  but  the  usual  chrome-ore  found  in  the  market  varies  from  3  to  4.  According 
to  Klaproth,  this  ore  consists  of  oxyde  of  chromium,  43  ;  protoxyde  of  iron,  34*7  ; 
alumina,  20-3;  and  silica,  2;  but  Vauquelin's  analysis  of  another  specimen  gave  as 
above,  respectively,  55-5,  33,  6,  and  2.  It  is  infusible  before  the  blowpipe ;  but  it  acts 
upon  the  magnetic  needle,  after  having  been  exposed  to  the  reducing  smoky  flame.  It 
is  entirely  soluble  in  borax,  at  a  high  blowpipe  heat,  and  imparts  to  it  a  beautiful  green 
color. 

Chrome-ore  is  found  at  the  Bare  Hills,  near  Baltimore,  in  Marj'land ;  in  the  Shetland 
Isles,  Unst  and  Fetlar;  the  department  of  Var,  in  France,  in  small  quantity;  and  near 
Portsoy,  in  Banflshire;  as  also  in  Silesia  and  Bohemia. 

The  chief  application  of  this  ore  is  to  the  production  of  chromate  of  potash,  from 
which  salt  the  various  other  preparations  of  this  metal  used  in  the  arts  are  obtained. 
The  ore,  freed,  as  well  as  possible,  from  its  gangue,  is  reduced  to  a  fine  powder,  by 
being  ground  in  a  mill  under  ponderous  edge-wheels,  and  sifted.  It  is  then  mixed 
with  one  third  or  one  half  its  weight  of  coarsely  bruised  nitre,  and  exposed  to  a 
powerful  heat,  for  several  hours,  on  a  reverberatory  hearth,  where  it  is  stirred  about 
occasionally.  In  the  laree  manufactories  of  this  country,  the  ignition  of  the  above 
mixture  in  pots  is  laid  aside,  as  too  operose  and  expensive.  The  calcined  matter  is  raked 
out,  and  lixiviated  with  water.  The  bright  yellow  solution  is  then  evaporated  briskly, 
and  the  chromate  of  potash  falls  down  in  the  form  of  a  granular  salt,  which  is  lifted 
out  from  time  to  time  from  the  bottom  with  a  large  ladle,  perforated  with  small  holes, 
and  thrown  into  a  draining-box.  This  saline  powder  may  be  formed  into  regular  crystals 
of  neutral  chromate  of  potash,  by  solution  in  water  and  slow  evaporation  ;  or  it  may  be 
converted  into  a  more  beautiful  crystalline  body,  the  bichromate  of  potash,  by  treating 
its  concentrated  solution  with  nitric,  muriatic,  sulphuric,  or  acetic  acid,  or,  indeed,  any 
acid  exercising  a  stronger  affinity  for  the  second  atom  of  the  potash  than  the  chromic 
acid  does. 

Bichromate  of  potash,  by  evaporation  of  the  above  solution,  and  slow  cooling,  may  be 
obtained  in  the  form  of  square  tables,  with  bevelled  edges,  or  flat  four-sided  prisms. 
They  are  permanent  in  the  air,  have  a  metallic  and  bitter  taste,  and  dissolve  in  about  one 
tenth  of  their  weight  of  water,  at  60°  F. ;  but  in  one  half  of  their  weight  of  boiling  water. 
They  consist  of  chromic  acid  13,  potash  6  ;  or,  in  100  parts,  68-4  -f  31-6.  This  salt  is 
much  employed  in  calico-printing  and  in  dyeing  ;  which  see. 

Chromate  of  lead,  the  chrome-yellow  of  the  painter,  is  a  rich  pigment  of  various 
shades,  from  deep  orange  to  the  palest  canary  yellow.  It  is  made  by  adding  a  limpid 
solution  of  the  neutral  chromate  (the  above  granular  salt)  to  a  solution,  equally  limpid, 
of  acetate  or  nitrate  of  lead.  A  precipitate  falls,  which  must  be  well  washed,  and  care- 
fully dried  out  of  the  reach  of  any  sulphureted  vapors.  A  lighter  shade  of  yellow  is 
obtained  by  mixing  some  solution  of  alum,  or  sulphuric  acid,  with  the  chromate,  before 
pouring  it  into  the  solution  of  lead ;  and  an  orange  tint  is  to  be  procured  by  the  addition 
of  subacetate  of  lead,  in  any  desired  proportion. 

For  the  production  of  chromate  of  potash  from  chrome  ore,  various  other  processes 
have  been  recommended.  The  following  formulae,  which  have  been  verified  in  practice, 
■will  prove  useful  to  the  manufacturers  of  this  important  article: — 

I.  Two  parts  of  chrome  ore,  containing  about  50  per  cent,  of  protoxyde  of  chromium: 
One  part  of  saltpetre. 
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II.  Four  parts  of  chrome  ore,  containing  34  per  cent,  of  protoxyde  of  chromium. 
Two  parts  of  potashes. 
One  part  of  saltpetre. 

III.  Four  parts  of  chrome  ore.         —        34  — 
Two  of  potashes. 

Four  tenths  of  a  part  of  peroxyde  of  manganese. 

IV.  Three  parts  of  chrome  ore. 
Four  parts  of  saltpetre. 
Two  parts  of  argal. 

Some  manufacturers  have  contrived  to  effect  the  conversion  of  the  oxyde  into  an  acid, 
and  of  course  to  form  the  chromate  of  potash,  by  the  agency  of  potash  alone,  in  a  calcining 
furnace,  or  in  earthen  pots  fired  in  a  pottery  kiln. 

After  lixiviating  the  calcined  mixtures  with  water,  if  the  solution  be  a -tolerably  pure 
chromate  of  potash,  its  value  may  be  inferred,  from  its  specific  gravity,  by  the  following 
table  :  — 

At  specific  gravity  1'28  it  contains  about  50  per  cent,  of  the  salt. 
1-21  33 

1-18  25 

M5  20 

i-12  16 

Ml  14 

110  12 

In  making  the  red  bichromate  of  potash  from  these  solutions  of  the  yellow  salt,  nitric* 
acid  was  at  first  chiefly  used ;  but  in  consequence  of  its  relatively  high  price,  sulphuric, 
muriatic,  or  acetic  acid  has  been  frequently  substituted  upon  the  great  scale. 

There  is  another  application  of  chrome  which  merits  some  notice  here ;  that  of  its  green 
oxyde  to  dyeing  and  painting  on  porcelain.  This  oxyde  may  be  prepared  by  decomposing, 
with  heat,  the  chromate  of  mercury,  a  salt  made  by  adding  to  nitrate  of  protoxyde  of  mer- 
cury, chromate  of  potash,  in  equivalent  proportions.  This  chromate  has  a  fine  cinnabar 
red,  when  pure ;  and,  at  a  dull  red  heat,  parts  with  a  portion  of  its  oxygen  and  its 
mercurial  oxyde.  From  M.  Dulong's  experiments  it  would  appear,  that  the  purest 
chromate  of  mercury  is  not  the  best  adapted  for  preparing  the  oxyde  of  chrome  to  be 
used  in  porcelain  painting.  He  thinks  it  ought  to  contain  a  little  oxyde  of  manganese 
and  chromate  of  potash,  to  afford  a  green  color  of  a  fine  tint,  especially  for  pieces  that 
are  to  receive  a  powerful  heat.  Pure  oxyde  of  chrome  preserves  its  color  well  enough 
in  a  muffle  furnace  ;  but,  under  a  stronger  fire,  it  takes  a  dead-leaf  color. 

The  green  oxyde  of  chrome  has  come  so  extensively  into  use  as  an  enamel  color  for 
porcelain,  that  a  fuller  account  of  the  best  modes  of  manufacturing  it  must  prove  accept- 
able to  many  of  my  readers. 

That  oxyde,  in  combination  with  water,  called  the  hydrate,  may  be  economically 
prepared  by  boiling  chromate  of  potash,  dissolved  in  water,  with  half  its  weight  of 
flowers  of  sulphur,  till  the  resulting  green  precipitate  ceases  to  increase,  which  may  be 
easily  ascertained  by  filterin?  a  little  of  the  mixture.  The  addition  of  some  potash 
accelerates  the  operation.  This  consists  in  combining  the  sulphur  with  the  oxygen  of 
the  chromic  acid,  so  as  to  form  sulphuric  acid,  which  unites  with  the  potash  of  the 
chromate  into  sulphate  of  potash,  while  the  chrome  oxyde  becomes  a  hydrate.  An 
extra  quantity  of  potash  facilitates  the  deoxydizement  of  the  chromic  acid  by  the  forma- 
tion of  hyposulphite  and  sulphuret  of  potash,  both  of  which  have  a  strong  attraction 
for  oxygen.  For  this  purpose  the  clear  lixivium  of  the  chromate  of  potash  is  sufficiently 
pure,  though  it  should  hold  some  alumina  and  silica  in  solution,  as  it  generally  does. 
The  hydrate  may  be  freed  from  particles  of  sulphur  by  heating  dilute  sulphuric  acid 
upon  it,  which  dissolves  it;  after  which  it  may  be  precipitated,  in  the  state  of  a 
carbonate,  by  carbonate  of  potash,  not  added  in  excess. 

By  calcining  a  mixture  of  bichromate  of  potash  and  sulphur  in  a  crucible,  chromic 
acid  is  also  decomposed,  and  a  hydrated  oxyde  may  be  obtained ;  the  sulphur  being 
partly  converted  into  sulphuret  of  potassium,  and  partly  into  sulphuric  aqid  (at  the 
expense  of  the  chromic  acid),  which  combines  with  the  rest  of  the  potash  into  i 
sulphate.  By  careful  lixivialion,  these  two  new  compounds  may  be  washed  away,  and 
the  chrome  green  may  be  freed  from  the  remaining  sulphur,  by  a  slight  heat. 

Liebig  and  Wohler  have  lately  contrived  a  process  for  producing  a  subchromate  of 
lead  of  a  beautiful  vermilion  hue.  Into  saltpetre,  brought  to  fusion  in  a  crucible  at 
a  gentle  heat,  pure  chrome  yellow  is  to  be  thrown  by  small  portions  at  a  time.  A 
strong  ebullition  takes  place  at  each  addition,  and  the  mass  becomes  black,  and  con- 
tinues so  while  it  is  hot.  The  chrome  yellow  is  to  be  added  till  little  of  the  saltpetre 
remains  undecomposed,  care  being  taken  not  to  overheat  the  crucible,  lest  the  color 
of  the  mixture  should  become  brown.  Having  allowed  it  to  settle  for  a  few  minutes, 
during  which  the  dense  basic  salt  falls  to  the  bottom,  the  fluid  part,  consisting  of 
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chromate  of  potash  and  saltpetre,  is  to  be  poured  off,  and  it  can  be  employed  again  in 
preparing  chrome  yellow.  The  mass  remaining  in  the  crucible  is  to  be  washed  with 
water,  and  the  chrome  red  being  separated  from  the  other  matters,  is  to  be  dried  after 
proper  edulcoration.  It  is  essential  for  the  beauty  of  the  color,  that  the  saline  solution 
should  not  stand  long  over  the  red  powder,  because  the  color  is  thus  apt  to  become  of  a 
dull  orange  hue.  The  fine  crystalline  powder  subsides  so  quickly  to  the  bottom  after 
every  ablution,  that  the  above  precaution  may  be  easily  observed. 

As  Chromic  Jlcid  will  probably  ere  long  become  an  object  of  interest  to  the  calico 
printer,  I  shall  describe  here  the  best  method  of  preparing  it.  To  100  parts  of  yellow 
chromate  of  ])otash,  add  136  of  nitrate  of  barytes,  each  in  solution.  A  precipitate  of  the 
yellow  chromate  of  barytes  falls,  which  being  washed  and  dried  would  amount  to  130 
parts.  But  while  still  moist  it  is  to  be  dissolved  in  water  by  the  intervention  of  a  little 
nitric  acid,  and  then  decomposed  by  the  addition  of  the  requisite  quantity  of  sulphuric 
acid,  whereby  the  barytes  is  separated,  and  the  chromic  acid  remains  associated  with  the 
nitric  acid,  from  which  it  can  be  freed  by  evaporation  to  dryness.  On  re-dissolving  the 
chromic  acid  residuum  in  water,  filtering  and  evaporating  to  a  proper  degree,  50  parts 
of  chromic  acid  may  be  obtained  in  crystals. 

This  acid  may  also  be  obtained  from  chromate  of  lime,  formed  by  mixing  chromate  of 
potash  and  muriate  of  lime;  washing  the  insoluble  chromate  of  lime  which  precipitates, 
and  decomposing  it  by  the  equivalent  quantity  of  oxalic  acid,  or  for  ordinary  purposes  even 
sulphuric  acid  may  be  employed. 

Chromic  acid  is  obtained  in  quadrangular  crystals,  of  a  deep  red  color ;  it  has  a  very 
acrid  and  styptic  taste.  It  reddens  powerfully  litmus  paper.  It  is  deliquescent  in  the  air. 
When  heated  to  redness  it  emits  oxygen,  and  passes  into  the  deutoxyde.  When  a  little  of 
it  is  fused  along  with  vitreous  borax,  the  compound  assumes  an  emerald  green  color. 

As  chromic  acid  parts  with  its  last  dose  of  oxygen  very  easily,  it  is  capable  in  certain 
styles  of  calico  printing  of  becoming  a  valuable  substitute  for  chlorine,  where  this  more 
powerful  substance  would  not  from  peculiar  circumstances  be  admissible.  For  this  in- 
genious application,  the  arts  are  indebted  to  that  truly  scientific  manufacturer,  M.  Daniel 
Ka'chlin,  of  Miilhouse.  He  discovered  that  whenever  chromate  of  potash  has  its  acid 
set  free  by  its  being  mixed  with  tartaric  or  oxalic  acid,  or  a  neutral  vegetable  substance, 
(starch  or  sugar  for  example.)  and  a  mineral  acid,  a  very  lively  action  is  produced,  Avith 
disengagement  of  heat,  and  of  several  gases.  The  result  of  this  decomposition  is  the  active 
reagent,  chromic  acid,  possessing  valuable  properties  to  the  printer.  Watery  solutions 
of  chromate  of  potash  and  tartaric  acid  being  mixed,  an  effervescence  is  produced  which 
has  the  power  of  destroying  vegetable  colors.  But  this  power  lasts  no  longer  than  the 
effervescence.  The  mineral  acids  react  upon  the  chromate  of  potash  only  when  vegetable 
colorinir  matter,  gum,  starch,  or  a  vegetable  acid  are  present,  to  determine  the  disengage- 
ment of  gas.  During  this  curious  cliange  carbonic  acid  is  evolved  ;  and  when  it  takes 
place  in  a  retort,  there  is  condensed  in  the  receiver  a  colorless  liquid,  slightly  acid, 
exhaling  somewhat  of  the  smell  of  vinegar,  and  containing  a  little  empyreumatic  oil. 
This  liquid  heated  with  the  nitrates  of  mercury  or  silver  reduces  these  metals.  On 
these  principles  M.  Koechlin  discharged  indigo  blue  by  passing  the  cloih  through  a  solution 
of  chromate  of  potash,  and  printing  nitric  acid  thickened  with  gum  upon  certain  spots.  It 
is  probable  that  the  employment  of  chromic  acid  would  supersede  the  necessity  of  having 
recourse  in  many  cases  to  the  more  corrosive  chlorine. 

The  following  directions  have  been  given  for  the  preparation  of  a  blue  oxyde  of  chrome. 
The  concentrated  alkaline  solution  of  chromate  of  potash  is  to  be  saturated  with  weak 
sulphuric  acid,  and  then  to  every  8  lbs.  is  to  be  added  1  lb.  of  common  salt,  and  half  a 
pound  of  concentrated  sulphuric  acid;  the  liquid  will  now  acquire  a  green  color.  To  be 
certain  that  the  yellow  color  is  totally  destroyed,  a  small  quantity  of  the  liquor  is  to  have 
potash  added  to  it,  and  filtered  ;  if  the  fluid  is  still  yellow,  a  fresh  portion  of  salt  and  of 
sulphuric  acid  is  to  be  added  ;  the  fluid  is  then  to  be  evapornted  to  dryness,  redissolved, 
and  filtered  ;  the  oxyde  of  chrome  is  finally  to  be  precipitated  by  caustic  potash.  It  will 
be  of  a  greenish-blue  color,  and  being  washed,  must  be  collected  upon  a  filter. 

Chromate  of  Potash,  adulteration  of,  to  detect.  The  chromate  of  potash  has  the 
power  (if  combining  with  other  salts  up  to  a  certain  extent  without  any  very  sensible 
change  in  its  form  and  appearance ;  and  hence  it  has  been  sent  into  the  market  falsified 
by  very  considerable  quantities  of  sulphate  and  muriate  of  potash,  the  presence  of 
which  has  often  escaped  observation,  to  the  great  loss  of  the  dyers  who  use  it  so  ex- 
tensively. The  folloAving  test  process  has  been  devised  by  M.  Zuber,  of  Miilhouse. 
Add  a  large  excess  of  tartaric  acid  to  the  chromate  in  question,  which  will  decompose 
it,  and  produce  in  a  ^e\v  minutes  a  deep  amethyst  color.  The  supernatant  liquor 
will,  if  the  chromate  be  pure,  afford  now  no  precipitate  with  the  nitrates  of  barytes  or 
silver  ;  whence  the  absence  of  the  sulphates  and  muriates  may  be  inferred.  We  must, 
however,  use  dilute  solutions  of  the  chromate  and  acid,  lest  bitartrate  of  potash  be  pre- 
cipitated, which  will  take  place  if  less  than  60  parts  of  water  be  employed.     Nor  must 
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we  test  the  liquid  till  the  decomposition  be  complete,  and  till  the  color  verge  rather  toward 
the  green  than  the  yellow.  Eight  parts  of  tartaric  acid  should  be  added  to  one  of  chro- 
mate  to  obtain  a  sure  and  rapid  result.  If  nitrate  of  potash  (saltpetre)  is  the  adulterating 
ingredient,  it  may  be  detected  by  throwing  it  on  burning  coals,  when  deflagration  will  en- 
sue. The  green  color  is  a  certain  mark  of  the  transformation  of  the  chromic  acid  par- 
tially into  the  chrome  oxyde  ;  which  is  effected  equally  by  the  sulphurous  acid  and  sulphu- 
reted  hydrogen.  Here  this  metallic  acid  is  disoxygenated  by  the  tartaric,  as  has  been  long 
known.  The  tests  which  I  should  prefer,  are  the  nitrates  of  silver  and  baryta,  having 
previously  added  so  much  nitric  acid  to  the  solution  of  the  suspected  chromate,  as  to  pre- 
vent the  precipitation  of  the  chromate  of  silver  or  baryta.  The  smallest  adulteration  by 
sulphates  or  muriates  will  thus  be  detected. 

CINNABAR;  the  native  red  sulphuret  of  mercury.  It  occurs  sometimes  crystallized 
in  rhomboids ;  has  a  specific  gravity  varying  from  6*7  to  8-2 ;  a  flat  conchoidal  fracture  ; 
is  fine  grained;  opaque;  has  an  adamantine  lustre,  and  a  color  passing  from  cochineal  to 
ruby  red.  The  fibrous  and  earthy  cinnabar  has  a  scarlet  hue.  It  is  met  with  disseminat- 
ed in  smaller  or  larger  lumps  in  veins,  which  are  surrounded  by  a  black  clay,  and  is  asso- 
ciated with  native  quicksilver,  amalgam,  with  iron-ore,  lead-glance,  blende,  copper-ore, 
gold,  &c.  Its  principal  localities  are  Almaden  in  Spain,  Idria  in  the  Schiefergebirge, 
Kremnitz  and  Schemnitz  in  Hungary ;  in  Saxony,  Bavaria,  Bohemia,  Nassau,  China,  Ja- 
pan, Mexico,  Columbia,  Peru.  It  consists  of  two  primes  of  svilphur,  =  32-240,  com- 
bined with  one  of  mercury,  =  202,863  ;  or  in  100  parts  of  12-7  sulphur  -(-  87-3  mercury. 
It  is  the  most  prolific  ore  of  this  metal ;  and  is  easily  smelted  by  exposing  a  mixture  of  it 
with  iron  or  lime  to  a  red  heat  in  retorts.  Factitious  cinnabar  is  called  in  commerce 
VKRMiLroN,  which  see,  as  also  Mercury. 

CINNAMON.  {Cannelle,FT.;  Zi7n7n(,  Germ.)  Is  the  inner  bark  of  the  tetnw  dwna- 
momum,  a  handsome-looking  tree  which  grows  naturally  to  the  height  of  18  or  20  feet,  in 
Java,  Sumatra,  Ceylon,  and  other  islands  in  the  East  Indian  seas.  It  has  been  transplant- 
ed to  the  Antilles,  particularly  Guadaloupe  and  Martinique,  as  well  as  Cayenne,  but  there 
it  produces  a  bark  of  very  inferior  value  to  the  Oriental. 

Cinnamon  is  gathered  twice  a  year,  but  not  till  after  the  tree  has  attained  to  a  certain 
age  and  maturity.  The  young  twigs  yield  a  bark  of  better  quality  than  the  larger  branch- 
es. The  first  and  chief  harvest  takes  place  from  April  to  August ;  the  second,  from  No- 
vember to  January.  After  having  selected  the  proper  trees,  all  the  branches  more  than 
three  years  old  are  cut  off;  the  epidermis  is  first  removed  with  a  two-edged  pruning  knife, 
then  a  longitudinal  incision  is  made  through  the  whole  extent  of  the  bark,  and  lastly,  with 
the  bluntest  part  of  the  knife,  the  true  bark  is  carefully  stripped  off  in  one  piece.  All 
these  pieces  of  bark  are  collected,  the  smaller  ones  are  laid  within  the  larger,  and  in  this 
state  they  are  exposed  to  the  sun,  whereby  in  the  progress  of  drying,  they  become  rolled 
into  the  shape  of  a  quill.  These  convoluted  pieces  are  formed  into  oblong  bundles  of 
20  or  30  lbs.  weight,  which  are  placed  in  warehouses,  sorted  and  covered  with  mats. 
Good  cinnamon  should  be  as  thin  as  paper,  have  its  peculiar  aromatic  taste,  without 
burning  the  tongue,  and  leave  a  sweetish  flavor  in  the  mouth  The  broken  bits  of 
cinnamon  are  used  in  Ceylon  for  procuring  the  essential  oil  by  distillation.  445,367  lbs. 
of  cinnamon  were  imported  into  this  kingdom  in  1835,  of  which  16,604  only  were  re- 
tained for  internal  consumption. 

CITRIC  ACID.  {Acide  citrique,  Fr. ;  Citronensaure,  Germ.)  Scheele  first  procured 
this  acid  in  its  pure  state  from  lemon  juice,  by  the  following  process.  The  juice  put  into  a 
large  tub,  is  to  be  saturated  with  dry  chalk  in  fine  powder,  noting  carefully  the  quantity 
employed.  The  citrate  of  lime  which  precipitates,  being  freed  from  the  supernatant  foul 
liquor,  is  to  be  well  washed  with  repeated  atiusion  and  decantalion  of  water.  For  every  10 
pounds  of  chalk  employed,  nine  and  a  half  pounds  of  sulphuric  acid,  diluted  with  six 
times  its  weight  of  water,  are  to  be  poured  while  warm  upon  the  citrate  of  lime,  and  well 
mix'^d  with  it.  At  the  end  of  twelve  hours,  or  even  sooner,  the  citrate  will  be  all  decom- 
posed, dilute  citric  acid  will  float  above,  and  sulphateof  lime  will  be  found  at  the  bottom. 
The  acid  being  drawn  off,  the  calcareous  sulphate  must  be  thrown  on  a  canvass  filter, 
drained,  and  then  washed  with  water  to  abstract  the  whole  acid. 

The  citric  acid  thus  obtained  may  be  evaporated  in  leaden  pans,  over  a  naked  fire,  till 
it  acquires  the  specific  gravity  M3 ;  after  which  it  must  be  transferred  into  another  ves- 
sel, evaporated  by  a  steam  or  water  bath  till  it  assumes  a  sirupy  aspect,  when  a  pellicle 
appears  first  in  patches  and  then  over  the  whole  surface.  This  point  must  be  watched 
with  great  circumspection,  for  if  it  be  passed,  the  whole  acid  runs  a  risk  of  being  spoiled 
by  carbonization.  The  stearn  or  hot  water  must  be  instantly  withdrawn,  and  the  concen- 
trated acid  put  into  a  crystallizing  vessel  in  a  dry,  but  not  very  cold  apartment.  At  the 
end  of  four  days,  the  crystallization  will  be  complete.  The  crystals  must  be  drained,  re- 
dissolved  in  a  small  portion  of  water,  the  solution  set  aside  to  settle  its  impurities,  then 
decanted,  re-evaporated,  and  re-crystallized.  A  third  or  fourth  crystallization  may  be 
necessary  to  obtain  a  colorless  acid. 
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If  any  cilrate  of  lime  be  left  undecomposed  by  the  sulphuric  acid,  it  will  dissolve  in  the 
citric  acid,  and  obstruct  its  crystallization,  and  hence  it  will  be  safer  to  use  the  slightest 
excess  of  sulphuric  acid,  than  to  leave  any  citrate  undecomposed.  There  should  not  how- 
ever be  any  great  excess  of  sulphuric  acid.  If  there  be,  it  is  easily  detected  by  nitrate 
of  barytas,  but  not  by  the  acetate  of  lead  as  prescribed  by  some  chemical  authors  ;  be- 
cause tlie  citrate  of  lead  is  not  very  soluble  in  the  nitric  acid,  and  might  thus  be  confound- 
ed with  the  sulphate,  whereas  citrate  of  barytes  is  perfectly  soluble  in  that  test  acid. 
Sometimes  a  little  nitric  acid  is  added  with  advantage  to  the  solution  of  the  colored  crys- 
tals, wiih  the  effect  of  whitening  them. 

Twenty  gallons  of  good  lemon  juice  will  afford  fully  ten  pounds  of  white  crystals  of 
citric  acid. 

Attempts  were  made,  both  in  the  West  Indies  and  Sicily,  to  convert  the  lime  and  lemon 
juice  into  citrate  of  lime,  but  they  seem  to  have  failed  through  the  difficulty  of  drying  the 
citrate  for  shipment. 

The  crystals  of  citric  acid  are  oblique  prisms  with  four  faces,  terminated  by  dihedral 
summits,  inclined  at  acute  angles.  Their  specific  gravity  is  1-617.  They  are  unalter- 
able in  the  air.  When  heated,  they  melt  in  their  water  of  crystallization ;  and  at  a 
higher  heat,  they  are  decomposed.  They  contain  18  per  cent,  of  water,  of  which  one 
half  may  be  separated  in  a  dry  atmosphere,  at  about  100°  F.,  when  the  crystals  fall  into 
a  white  powder. 

Citric  acid  in  crystals  is  composed  by  my  analysis  of  carbon  35'8,  oxygen  59-7,  and 
hydrogen  45;  results  which  differ  very  little  from  those  of  Dr.  Prout,  subsequently  ob- 
tained. I  found  its  atomic  weight  to  be  8375,  compared  to  oxygen  1,000.  I  cannot  ac- 
count for  Berzelius's  statements  relative  to  the  composition  of  this  acid. 

Citric  acid  in  somewhat  crude  crystals  is  employed  with  much  advantage  in  calico- 
printing.  If  adulterated  with  tartaric  acid,  the  fraud  may  be  detected  by  adding  potash 
to  the  solution  of  the  acid,  which  will  occasion  a  precipitate  of  cream  of  tartar. 

CIVET.  (Civelte,  Fr.  ;  Zibeih,  Germ.)  This  substance  approaches  in  smell  to 
musk  and  ambergris ;  it  has  a  pale  yellow  color,  a  somewhat  acrid  taste,  a  consistence 
lilie  that  of  honey,  and  a  very  strong  aromatic  odor.  It  is  the  product  of  two  small 
quadrupeds  of  the  genus  vivcrra  {v.  zibetha  and  v.  civetla),  of  which  the  one  inhabits 
Africa,  the  other  Asia.  They  are  reared  with  tenderness,  especially  in  Abyssinia. 
The  civet  is  contained  in  a  sac,  situated  between  the  anus  and  the  parts  of  generation 
in  either  sex.  The  animal  frees  itself  from  an  excess  of  this  secretion  by  a  contractile 
movement  which  it  exercises  upon  the  sac,  when  the  civet  issues  in  a  vermicular  form, 
and  is  carefully  collected.  The  negroes  are  accustomed  to  increase  the  secretion  by  irri- 
tating the  animal;  and  likewise  introduce  a  little  butter,  or  other  grease,  by  the  natural 
slit  in  the  bag,  which  mixes  with  the  odoriferous  substance,  and  increases  its  weight.  It 
is  employed  only  in  perfumery. 

According  to  M.  Boutron-Chalard,  it  contains  a  volatile  oil,  to  which  it  owes  its 
smell,  some  free  ammonia,  resin,  fat,  an  extractiform  matter,  and  mucus.  It  affords,  by 
calcination,  an  ash,  in  which  there  are  some  carbonate  and  sulphate  of  potash,  phosphate 
of  lime,  and  oxyde  of  iron. 

CLAY  (^rgile,  Fr. ;  Thon,  Germ.)  is  a  mixture  of  the  two  simple  earths,  alumina  and 
silica,  generally  tinged  with  iron.  Lime,  magnesia,  with  some  other  coloring  metallic 
oxydes,  are  occasionally  present  in  small  quantities  in  certain  natural  clays. 

The  different  varieties  of  clay  possess  the  following  common  characters  : — 

1.  They  are  readily  difl'usible  through  water,  and  are  capable  of  forming  with  it  a  plas- 
tic ductile  mass,  which  may  be  kneaded  by  hand  into  any  shape.  This  plasticity  exists, 
however,  in  very  different  degrees  in  the  different  clays. 

2.  They  concrete  into  a  hard  mass  upon  being  dried,  and  assume,  upon  exposure  to  the 
heat  of  ignition,  a  degree  of  hardness  sometimes  so  great  as  to  give  sparks  by  collision 
with  hardened  steel.  In  this  state  they  are  no  longer  plastic  with  water,  even  when  pul- 
verized. Tolerably  pure  clays,  though  infusible  in  the  furnace,  become  readily  so  by  the 
admixture  of  lime,  iron,  manganese,  &c. 

3.  All  clays,  even  when  previously  freed  from  moisture,  shrink  in  the  fire  in  virtue  of 
the  reciprocal  affinity  of  their  particles ;  they  are  very  absorbent  of  water  in  their  dry 
state,  and  adhere  strongly  to  the  tongue. 

4.  Ochrey,  impure  clays,  emit  a  disagreeable  earthy  smell  when  breathed  upon. 
Brongniart  distributes  the  clays  into  : — 

1.  Fire-clays,  (argiks  apyres,  Fr. ;  feuer/este,  Germ.) 

2.  Fusible,  (schinelzbare,  Germ.) 

3.  Effervescing  (brauscnde,  Germ.),  from  the  presence  of  chalk. 

4.  Ochrey  (ocrcwfes,  Fr. ;  ockrige,  Germ.) 

Fire-clay  is  found  in  the  greatest  abundance  and  perfection  for  manufacturing  pur- 
poses in, 

].  Slate-clay.     (Tho7i-schie/er,  Germ.)    Its  color  is  gray  or  grayish-yellow.     Massi'*?, 
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dull,  or  glimmering  from  admixture  of  particles  of  mica.  Fracture  slaty,  approaching 
sometimes  to  earthy.  Fragments  tabular.  Soft,  sectile,  and  easily  broken.  Sp.gr.=2-6. 
Adheres  to  the  tongue,  and  breaks  down  in  water.  It  occurs  along  with  pit  coal ;  which 
see.  Slate-clay  is  ground,  and  reduced  into  a  paste  with  water,  for  making  fire-bricks  ; 
for  which  purpose  it  should  be  as  free  as  possible  from  lime  and  iron. 

2.  Common  day  or  loam. — This  is  an  impure  coarse  pottery  clay,  mixed  with  iron  ochre, 
and  occasionally  with  mica.  It  has  many  of  the  external  characters  of  plastic  clay.  It 
is  soft  to  the  touch,  and  forms,  with  water,  a  somewhat  tenacious  paste ;  but  is  in  gen- 
eral less  compact,  more  friable,  than  the  plastic  clays,  which  are  more  readily  diffusible 
in  water.  It  does  not  possess  the  property  of  acquiring  in  water  that  commencement  of 
translucency  which  the  purer  clays  exhibit.  Although  soft  to  the  touch,  the  common 
clay  wants  unctuosity,  properly  so  called.  The  best  example  of  this  argillaceous  sub- 
stance is  afforded  in  the  London  clay  formation,  which  consists  chiefly  of  bluish  or  black- 
ish clay,  mostly  very  tough.  Those  of  its  strata  which  effervesce  with  acids  partake 
of  the  nature  of  marl.  This  clay  is  fusible  at  a  strong  heat,  in  consequence  of  the  iron 
and  lime  which  it  contains.  It  is  employed  in  the  manufacture  of  bricks,  tiles,  and  coarse 
pottery  ware. 

3.  Potter's  clay,  or  Plastic  clay. — This  species  is  compact,  soft,  or  even  unctuous  to 
the  touch,  and  polishes  with  the  pressure  of  the  finger;  it  forms,  with  water,  a  tenacious, 
very  ductile,  and  somewhat  translucent  paste.  It  is  infusible  in  a  porcelain  kiln,  but  as- 
sumes in  it  a  great  degree  of  hardness.  Werner  calls  it  pipe-clay.  Good  plastic  clay 
remains  white,  or  if  gray  before,  becomes  while  in  the  porcelain  kiln. 

The  geological  position  of  the  plastic  clay  is  beneath  the  London  clay,  and  above  the, 
sand  which  covers  the  chalk  formation.  The  plastic  clay  of  the  Paris  basin  is  described 
as  consisting  of  two  beds  separated  by  a  bed  of  sand.  The  lower  bed  is  the  proper  plas- 
tic clay.  The  plastic  clay  of  ./Ibondant,  near  the  forest  of  Dreux,  analyzed  by  Vauquelin, 
gave — 

Silica,  43-5  ;  alumina,  33-2;  lime,  0-33 ;  iron,  1  ;  water,  18. 

This  clay  is  employed  as  a  fire  clay  for  making  the  bungs  or  seggars,  or  coarse  earthen- 
ware cases,  in  which  china  ware  is  fired. 

The  plastic  clay  of  Dorsetshire  and  Devonshire  supplies  the  great  Staffordshire  potte- 
ries. It  is  gray  colored,  less  unctuous  than  that  of  Dreux,  and  consequently  more  friable. 
It  becomes  white  in  the  pottery  kiln,  and  is  infusible  at  that  heat.  It  causes  no  efferves- 
cence with  nitric  acid,  but  falls  down  quickly  in  it,  and  becomes  higher  colored.  Its  re- 
fractoriness allows  of  a  harder  glaze  being  applied  to  the  ware  formed  from  it  without 
risk  of  the  heat  requisite  for  making  the  glaze  flow,  affecting  the  biscuit  either  in  shape 
or  color.  "Most  of  the  plastic  clays  of  France,"  says  M.  Brongniart,  "  employed  for 
the  same  ware,  have  the  disadvantage  of  reddening  a  little  in  a  somewhat  stron?  heat ; 
and  hence  it  becomes  necessary  to  coat  them  with  a  soft  glaze,  fusible  by  means  of  excess 
of  lead  at  a  low  heat,  in  order  to  preserve  the  white  appearance  of  the  biscuit.  Such  a 
glaze  has  a  dull  aspect,  and  cracks  readily  into  innumerable  fissures  by  alternations  of 
hot  and  cold  water."  Hence  one  reason  of  the  vast  inferiority  of  the  French  stone-ware 
to  the  English. 

4.  Porcelain  clay,  or  Kaolin  earth. — The  Kaolins  possess  very  characteristic  properties. 
They  are  friable  in  the  hand,  meager  to  the  touch,  and  difficultly  form  a  paste  with  water. 
When  freed  from  the  coarse  and  evidently  foreign  particles  interspersed  through  them, 
they  are  absolutely  infusible  in  the  porcelain  kiln,  and  retain  their  white  color  unaltered. 
They  harden  with  heat  like  other  clays,  and  perhaps  in  a  greater  degree  ;  but  they  do  not 
acquire  an  equal  condensation  or  solidity,  at  least  when  they  are  perfectly  pure.  The 
Kaolins  in  general  appear  to  consist  of  alumina  and  silica  in  nearly  equal  proportions. 
Most  of  the  Kaolin  clays  contain  some  spangles  of  mica,  which  betray  their  origin  from 
disintegrated  granite. 

This  origin  may  be  regarded  as  one  of  their  most  distinctive  features.  Almost  all 
the  porcelain  clays  are  evidently  derived  from  the  decomposition  of  the  feldspars,  gran- 
ites, and  principally  those  rocks  of  feldspar  and  quartz,  called  graphic  granite.  Hence, 
they  are  to  be  found  only  in  primitive  mountain  districts,  among  banks  or  blocks  cf  gran- 
ite, forming  thin  seams  or  partings  between  them.  In  the  same  partings,  quartz  and 
mica  occur,  being  relics  of  the  granite ;  while  some  seams  of  Kaolin  retain  the  external 
foi-m  of  feldspar. 

The  most  valuable  Kaolins  have  been  found — 

In  China  and  Japan.  The  specimens  imported  from  these  countries  appear  pretty 
white ;  but  are  more  unctuous  to  the  touch,  and  more  micaceous  than  the  porcelain  clays 
of  France. 

In  Saxony.  The  Kaolin  employed  in  the  porcelain  manufactories  of  that  country  has  a 
slight  yellow  or  flesh  color,  which  disappears  in  the  kiln,  proving,  as  Wallerius  observed, 
that  this  tint  is  not  owing  to  any  metallic  matter. 

In  France,  at  Saint-Yriex-la-Perche,  about  10  leagues  from  Limoges.    The  Kaolin 
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occurs  there  in  a  bed,  or  perhaps  a  vein  of  beds  of  granite,  or  rather  of  that  feldspar  rock 
called  Pe-tun-tse,  which  exists  here  in  every  stage  of  decomposition.  This  Kaolin  is  gen- 
erally white,  but  sometimes  a  little  yellowish,  with  hardly  any  mica.  It  is  meager  to  the 
touch,  and  some  beds  include  large  grains  of  quartz,  called  pebbly  by  the  China  manufac- 
turers. This  variety,  when  ground,  affords,  without  the  addition  of  any  fusible  ingre- 
dient, a  very  transparent  porcelain. 

Near  Baj'onne.  A  Kaolin  possessing  the  lamellated  structure  of  feldspar,  in  many 
places.     The  rock  containing  it  is  a  graphic  granite  in  every  stage  of  decomposition. 

In  England,  in  the  county  of  Cornwall.  This  Kaolin  or  Cliina  clay  is  very  white,  and 
more  unctuous  to  the  touch  than  those  upon  the  continent  of  Europe  mentioned  above. 
Like  them  it  results  from  the  decomposition  of  the  feldspars  and  granites,  occurring  in  the 
middle  of  these  rocks.  Mr.  Wedgewood  found  it  to  contain  60  of  alumina  or  pure  clay, 
and  40  of  silica,  in  100  parts. 

Pure  clay,  the  alumina  of  the  chemist,  is  absolutely  infusible ;  but  when  subjected  to 
the  fire  of  a  porcelain  kiln,  it  contracts  into  about  one  half  of  its  total  bulk.  It  must, 
however,  be  heated  very  cautiously,  otherwise  it  will  decrepitate  and  fly  in  jjieces,  owing 
to  the  sudden  expansion  into  steam  of  the  water  combined  with  its  partidles,  which  is 
retained  with  a  considerable  attractive  force.  It  possesses  little  plasticity,  and 
consequently  affords  a  very  short  paste,  which  is  apt  to  crack  when  kneaded  into  a 
cake. 

It  is  not  only  infusible  by  itself,  but  it  will  not  dissolve  in  the  fusible  glasses ;  making 
them  merely  opaque.  If  either  lime  or  silica  be  added  separately  to  pure  clay,  in  any 
proportion,  the  mixture  will  not  melt  in  the  most  violent  furnace;  but  if  alumina,  lime, 
and  silica  be  mixed  together,  the  whole  melts,  and  the  more  readily,  the  nearer  the  mix- 
ture approaches  to  the  following  proportions: — 1  of  alumina,  1  of  lime,  and  3  of  sand.  If 
the  sand  be  increased  to  five  parts,  the  compound  becomes  infusible.  These  interesting 
facts  show  the  reciprocal  action  of  those  earths  which  are  mixed  most  commonly  in  nature 
with  alumina. 

Iron  in  small  quantity,  but  in  a  state  not  precisely  determined,  though  probably  of  pro- 
toxyde,  does  not  color  the  clays  till  they  are  subjected  to  a  powerful  heat.  There  are 
very  white  clays,  such  as  those  of  Montereau,  which  do  not  become  red  till  calcined  in 
the  porcelain  kiln ;  the  oxyde  of  iron  contained  in  them,  which  colors  them  in  that  case, 
was  previously  imperceptible.  It  appears  from  this  circumstance,  that  the  clays  fit  for 
making  fine  white  stone  ware,  as  also  the  Kaolins  adapted  to  the  manufacture  of  porce- 
lain, are  very  rare. 

Iron,  in  larger  proportion,  usually  colors  the  clays  green  or  slate-blue,  before  they  have 
been  heated.  Such  clays,  exposed  to  the  action  of  fire,  become  yellow  or  red  according 
to  the  quantity  of  iron  which  they  contain.  When  the  iron  is  very  abundant,  it  renders 
the  clays  fusible;  but  a  little  lime  and  silica  must  also  be  present  for  this  effect.  The 
earthenware  made  with  these  ferruginous  clays  can  bear  but  a  moderate  baking  heat ;  it 
is  thick,  porous,  and  possesses  the  advantage  merely  of  cheapness,  and  of  bearing  consid- 
erable alternations  of  temperature  without  breaking. 

Alumina  and  the  very  aluminous  natural  clays  which  possess  most  plasticity,  are  apt 
to  crack  in  drying,  or  to  lose  their  shape.  This  very  serious  defect  for  the  purposes  of  pot- 
tery is  rectified,  in  some  measure,  by  adding  to  that  earth  a  certain  quantity  of  sand  or 
silica.  Thus,  a  compound  is  formed  which  possesses  less  attraction  for  water,  and  dries 
more  equably  from  the  openness  of  its  body.  The  principal  causes  of  the  distortion  of 
earthenware  vessels,  are  the  unequal  thickness  of  their  parts,  and  quicker  desiccation 
upon  one  side  than  another.  Hard  burnt  stone-ware  ground  to  powder,  and  incorporated 
with  clav,  answers  still  better  than  sand  for  counteracting  the  great  and  irregular  con- 
traction which  natural  pottery  paste  is  apt  to  experience.  Such  ground  biscuit  is  called 
cement ,-  and  its  grains  interspersed  through  the  ware,  may  be  regarded  as  so  many  solu- 
tions of  continuity,  which  arrest  the  fissures. 

The  preceding  observations  point  out  the  principles  of  those  arts  which  employ  clay 
for  moulding  by  the  wheel,  and  baking  in  a  kiln.  See  Porcej.ain  and  Pottery. 
CLOTH,  MANUFACTURE  OF.  See  Textile  Fabrics,  Weaving,  Wool. 
CLOTH-BINDING.  Nothing  places  in  so  striking  a  point  of  view  the  superior 
taste,  judgment,  and  resources  of  London  tradesmen  over  those  of  the  rest  of  the  world, 
as  the  extensive  substitution  which  they  have  recently  made  of  embossed  silks  and 
calicoes  for  leather  in  the  binding  of  books.  In  old  libraries,  cloth-covered  boards 
indeed  may  occasionally  be  seen,  but  they  have  the  meanest  aspect,  and  are  no  more 
to  be  compared  with  our  modern  cloth-binding,  than  the  jtipon  of  a  trull,  with  the  ballette 
dress  of  Taglioni.  The  silk  or  calico  may  be  dyed  of  any  shade  which  use  or  fancy  may 
require,  impressed  with  gold  or  silver  foil  in  every  form,  and  variegated  by  ornaments 
in  relief,  copied  from  the  most  beautiful  productions  in  nature.  This  new  style  of 
binding  is  distinguished  not  more  for  its  durability,  elegance,  and  variety,  than  for  the 
economy  and  despatch  with  which  it  ushers  the  oflspring  of  intellect  into  the  world. 
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For  example,  should  a  house  eminent  in  this  line,  such  as  that  of  Westleys,  Friar- 
slreet,  Doctors'-commons,  receive  5Q00  vohunes  from  Messrs.  Longman  &  Co.  upoa 
Monday  morning,  they  can  have  them  all  ready  for  publication,  within  the  incredibly 
short  period  of  two  days  ;  being  far  sooner  than  they  could  have  rudely  boarded  them 
upon  the  former  plan.  The  reduction  of  price  is  not  the  least  advantage  incident  to  the 
new  method,  amounting  to  fully  50  per  cent,  upon  that  with  leather. 

The  dyed  cloth,  being  cut  by  a  pattern  to  the  size  suited  to  the  volume,  is  passed 
rapidly  thiough  a  roller  press,  between  engraved  cylinders  of  hard  steel,  whereby  it  re- 
ceives at  once  the  impress  characteristic  of  the  back  and  the  sides,  along  with  embossed 
designs  over  the  surface  in  sharp  relief.  The  cover,  thus  rapidly  fashioned,  is  as  rapidly 
applied  by  paste  to  the  stitched  and  pressed  volume  ;  no  time  being  lost  in  mutual  ad- 
justments ;  since  the  steel  rollers  turn  oif'lhe  former,  of  a  shape  precisely  adapted  to  the 
latter.  Hard  glazed  and  varnished  calico  is  moreover  much  less  an  object  of  depreda- 
tion to  moths,  and  other  insects,  than  ordinary  leather  has  been  found  to  be. 

COBALT.  This  metal,  being  difficult  to  reduce  from  its  ores,  is  therefore  very  little 
known,  and  has  not  hitherto  been  employed  in  its  simple  state  in  any  of  the  arts  ;  but  its 
oxyde  has  been  extensively  used  on  account  of  the  rich  blue  color  which  it  imparts  to 
glass,  and  the  glaze  of  porcelain  and  stone-ware.  The  principal  ores  of  cobalt  are 
those  designated  by  mineralogists  under  the  names  of  arsenical  cobalt  and  gray  cobalt. 
The  first  contains,  in  addition  to  cobalt,  some  arsenic,  iron,  nickel,  and  occasionally  sil- 
ver, &.C.  The  other  is  a  compound  of  cobalt  with  iron,  arsenic,  sulphur,  and  nickel. 
Among  the  gray  cobalts,  the  ore  most  esteemed  for  its  purity  is  that  of  Tunaberg  in 
Sweden.  It  is  often  in  regular  crystals,  which  possess  the  lustre  and  color  of  polished 
steel.  The  specific  gravity  of  cobalt  pyrites  is  6-36  to  4-66.  The  Tunaberg  variety 
afforded  to  Klaproth,  cobalt,  44 ;  arsenic,  55-5  ;  sulphur,  0-5 ;  so  that  it  is  an  arseni- 
uret.  Others,  however,  contain  much  sulphur  as  well  as  iron.  It  imparts  at  the  blowpipe 
a  blue  color  to  borax  and  other  fluxes,  and  gives  out  arsenical  fumes. 

The  ore  being  picked,  to  separate  its  concomitant  stony  matter,  is  pounded  fine 
and  passed  through  a  sieve ;  and  is  also  occasionally  washed.  The  powder  is  then 
spread  on  the  sole  of  a  reverberatoi-y  furnace,  the  flue  of  which  leads  into  a  long  hori- 
zontal chimney.  Here  it  is  exposed  to  calcination  for  several  hours,, to  expel  the  sul- 
phur and  arsenic  that  may  be  present  ;  the  former  burning  away  in  sulphurous  acid  gas, 
the  latter  being  condensed  into  the  white  oxyde  or  arsenious  acid,  whence  chiefly  the 
market  is  supplied  with  this  article.  This  calcining  process  can  never  disengage  the 
whole  of  these  volatile  ingredients,  and  there  is  therefore  a  point  beyond  which  it  is 
useless  to  push  it  ;  bat  the  small  quantities  that  remain  are  not  injurious  to  the  subse- 
quent operations.  The  roasted  ore  is  sifted  anew ;  reduced  to  a  very  fine  powder,  and 
then  mixed  with  2  or  3  parts  of  very  pure  silicious  sand,  to  be  converted  into  what  is 
called  zaffre.  With  this  product  glasses  are  generally  colored  blue,  as  well  as  enam- 
els and  pottery  glaze.  In  the  works  where  cobalt  ores  are  treated,  a  blue  glass  is  pre- 
pared with  the  zatlie,  which  is  well  known  under  the  name  of  smalt  or  azure  blue. 
This  azui-e  is  made  by  adding  to  the  zaflf're  2  or  3  parts  of  potash,  according  to  its  rich- 
ness in  cobalt,  and  melting  the  mixture  in  earthen  crucibles.  The  fused  mass  is 
thrown  out  while  hot  into  water ;  and  is  afterwards  triturated  and  levigated  in  mills 
mounted  for  the  purpose.  There  remains  at  the  bottom  of  the  earthen  pot  a  metallic 
lump,  which  contains  a  little  cobalt,  much  nickel,  arsenic,  iron,  &-c.  This  is  called 
speiss. 

As  it  is  the  oxyde  of  cobalt  which  has  the  coloring  quality,  the  calcination  serves  the 
purpose  of  oxydizement,  as  well  as  of  expelling  the  foreign  matters. 

A  finer  cobalt  oxyde  is  procured  for  painting  upon  hard  porcelain,  by  boiling  the  cobalt 
ore  in  nitric  acid,  which  converts  the  arsenic  into  an  acid,  and  combines  it  with  the  dif- 
ferent metals  present  in  the  mineral.  These  arseniates,  being  unequally  soluble  in  nitric 
acid,  may  be  separated  in  succession  by  a  cautious  addition  of  carbonate  of  soda  or  pot- 
ash ;  and  the  arseniate  of  cobalt  as  the  most  soluble  remains  unaff"ected.  It  has  a  rose 
color,  and  is  easily  distinguishable,  whence  the  precipitation  may  be  stopped  at  the  proper 
point.  The  above  solution  should  be  much  diluted,  and  the  alkali  should  be  cautiously 
added,  with  frequent  agitation. 

The  cobalt  ores,  rich  in  nickel,  are  exposed  to  slow  oxydizement  in  the  air,  whereby 
the  iron,  cobalt,  arsenic,  and  sulphur  get  oxygenated  by  the  atmospheric  moisture,  but 
the  nickel  continues  in  the  metallic  state.  This  action  of  the  weather  must  not  be 
extended  beyond  a  year,  otherwise  the  nickel  becomes  affected,  and  injures  the  cobalt 
blue.  The  ore  hereby  increases  in  weight,  from  8  to  10  per  cent.  Fig.  291  is  a 
longitudinal  section  of  the  furnace :  fig.  292,  a  horizontal  section  upon  a  level  with  the 
sole  of  the  hearth.  It  is  constructed  for  wood  fuel,  and  the  hearth  is  composed  of 
fire-bricks  or  tiles.  The  vapors  and  gases  disengaged  in  the  roasting  pass  off 
through  the  flues  a  a,  into  the  channels  b  b,  and  thence  by  c  into  the  common  vent,  or 
poison  chamber.     See  the  representation  of  the  poison  tower  of  Altenberg,  under  the 
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article  Arsenic.     The  flues  are  cleared  out  by  means  of  openings  left  at  suitable  situa- 
tions in  the  brick-work  of  the  chimneys. 

The  azure  manufacture  is  carried 
on  chiefly  in  winter,  in  order  that 
the  external  cold  may  favor  the 
more  complete  condensation  of  the 
acids  of  arsenic.  From  3  to  5  cwt. 
of  Schlich  (pasty  ore)  are  roasted 
at  one  operation,  and  its  bed  is  laid 
from  5  to  6  inches  thick.  After  two 
hours,  it  must  be  turned  over;  and 
the  stirring  must  be  repeated  every 
half  hour,  till  no  more  arsenic  is 
observed  to  exhale.  The  process 
being  then  finished,  the  ore  must  be 
raked  out  of  the  furnace,  and  an- 
other charge  introduced. 

The  duration  of  the  roasting  is 
regulated  partly  by  the  proportion 
of  sulphur  and  arsenic  present,  and 
partly  by  the  amount  of  nickel ; 
which  must  not  be  suffered  to  be- 
come oxydized,  lest  it  should  spoil 
the  color  of  the  smalt.  The  latter 
ores  should  be  but  slightly  roasted, 
so  as  to  convert  the  nickel  into  speiss. 
The  roasted  ore  must  be  sifted  in  a 
safety  apparatus.  The  loss  of  weight 
in  the  roasting  amounts,  upon  the 
average,  to  36  per  cent.  The  roasted 
ore  has  a  brownish  gray  hue,  and  is 
called  safflor  in  German,  and  is  dis- 
tributed into  different  sorts.  F  F  S 
is  the  finest  safre  ;  F  S,  fine  ;  0  S, 
ordinary ;  and  M  S,  middling.  These 
varieties  proceed  from  various  mix- 
tures of  the  calcined  ores.  The 
roasted  ore  is  ground  up  along  with 
sand,  elatriated,  and,  when  dry,  is 
called  zaffre.  It  is  then  mixed  with 
a  sufficient  quantity  of  potash  for 
converting  the  mixture  into  a  glass. 

Figs.  293  and  294,  represent  a 
round  smalt  furnace,  in  two  vertical 
sections,  at  right  angles  to  each 
other.  The  fire-place  is  vaulted  or 
arched ;  the  flame  orifice  a,  is  in  the 
middle  of  the  furnace ;  b  is  the  feed 
hole  ;  c,  a  tunnel  which  serves  as  an 
ash-pit,  and  to  supply  air ;  d,  open- 
ings through  which  the  air  arrives 
at  the  fuel,  the  wood  being  placed 
upon  the  vault ;  e,  knee  holes  for 
taking  out  the  scoriae  from  the  pot 
bottoms ;  /,  working  orifices,  with 
cast-iron  plates  g,  in  front  of  them. 
Under  these  are  the  additional  out- 
Jets  h.  The  smoke  and  flame  pass 
off"  through  the  orifices  i,  which  ter- 
Jnitinte  in  expanded  flues,  where  the 
sand  may  be  calcined  or  the  wood 
may  be  baked.  Ei2;ht  hours  are 
sufficient  for  one  vitrifying  operation, 
during  which  the  glass  is  stirred 
about  several  times  in  the  earthen  melting  pots. 

The  preparation  of  the  different  shades  of  blue  glass  is  considered  a  secret  in  the 
smelting  works ;  and  marked  with  the  following  letters  : — F  F  F  C,  the  finest ;    F  C, 
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fine;  M  C,  middling;  0  C,  ordinary.  A  melting  furnace,  containing  8  pots  of  glass, 
produces  in  24  hours,  from  24  cwts.  of  the  mixture,  19  cwts.  of  blue  slasi; ;  and  from 
I  to  I  cwt.  of  scoriae  or  speiss  (speise).  The  composition  speise,  according  to  Berthier, 
is — nickel,  49-0;  arsenic,  37-8 ;  sulphur,  7-8 ;  copper,  1-6;  cobalt,  3-2  in  100.  Nickel, 
arsenic,  and  sulphur,  are  its  essential  constituents ;  the  rest  are  accidental,  and  often 
absent.  The  freer  the  cobalt  ore  is  from  foreign  metals,  the  finer  is  the  color,  and  the 
deeper  is  the  shade ;  paler  tints  are  easily  obtained  by  dilution  with  more  glass.  The 
presence  of  nickel  gives  a  violet  tone. 

The  production  of  smalt  in  the  Prussian  states  amounted,  in  1830,  to  7452|  cwts. ; 
and  in  Saxony  to  9697  cwts. ;  in  1825,  to  12,310  cwts. 

One  process  for  making  fine  smalt  has  been  given  under  the  title  Azure  ;  I  shall  in- 
troduce another  somewhat  difi'erent  here. 

The  ore  of  cobalt  is  to  be  reduced  to  very  fine  powder,  and  then  roasted  with  much 
care.  One  part,  by  weight,  is  next  to  be  introduced,  in  successive  small  portions,  into 
an  iron  vessel,  in  which  three  parts  of  acid  sulphate  of  potassa  have  been  previously 
fused,  at  a  moderate  temperature.  The  mixture,  at  first  fluid,  soon  becomes  thick  and 
firm,  when  the  fire  is  to  be  increased,  until  the  mass  is  in  perfect  fusion,  and  all 
white  vapors  have  ceased.  It  is  then  to  be  taken  out  of  the  crucible  with  an  iron 
ladle,  the  crucible  is  to  be  recharged  with  acid  sulphate  of  potash,  and  the  operation 
continued  as  before,  until  the  vessel  is  useless.  The  fused  mass  contains  sulphate  of 
cobalt,  neutral  sulphate  of  potassa,  and  arseniate  of  iron,  with  a  little  cobalt.  It  is  to 
be  pulverized,  and  boiled  in  an  iron  vessel,  with  water,  as  long  as  the  powder  continues 
rough  to  the  touch.  The  white,  or  yellowish  white  residue,  may  be  allowed  to  separate 
from  the  solution,  either  by  deposition  or  filtration.  Carbonate  of  potassa,  free  from 
silica,  is  then  to  be  added  to  the  solution,  and  the  carbonate  of  cobali  thrown  down  is 
to  be  separated  and  well  washed,  if  possible,  with  warm  water ;  the  same  water  may  be 
used  to  wash  other  portions  of  the  fused  mass.  The  filtered  liquid  which  first  passes 
is  a  saturated  solution  of  sulphate  of  potassa :  being  evaporated  to  dryness  in  an  iron  ves- 
sel, it  may  be  reconverted  into  acid  sulphate  by  fusing  it  with  one  half  its  weight  of 
sulphuric  acid  :  this  salt  is  then  as  useful  as  at  first. 

The  oxyde  of  cobalt  thus  obtained  contains  no  nickel ;  so  little  oxyde  of  iron  is  pre- 
sent, that  infusion  of  galls  does  not  show  its  presence ;  it  may  contain  a  little  copper,  if 
that  metal  exists  in  the  ore,  but  it  is  easily  separated  by  the  known  methods.  Sometimes 
sulphureted  hydrogen  will  produce  a  yellow  brown  precipitate  in  the  solution  of  the 
fused  mass ;  this,  however,  contains  no  arsenic,  but  is  either  sulphuret  of  antimony  or 
bismuth,  or  a  mixture  of  both. 

It  has  been  found  advantageous  to  add  to  the  fused  mass  sulphate  of  iron,  calcined  to 
redness,  and  one  tenth  of  nitre  when  the  residue  is  arseniate  of  iron,  and  contains  no 
arseniate  of  cobalt.  There  is  then  no  occasion  to  act  upon  the  residue  a  second  time  for 
the  cobalt  in  it. 

This  process  is  founded  on  the  circumstances  that  the  sulphate  of  cobalt  is  not  de- 
composed by  a  red  heat,  and  that  the  arseniates  of  iron  and  cobalt  are  insoluble  in 
all  neutral  liquids.  It  is  quite  evident,  that,  to  obtain  a  perfect  result,  the  excess 
of  acid  in  the  bisulphate  of  potassa  must  be  completely  driven  off  by  the  red  heat 
applied. 

110,646  lbs.  of  smalts  were  imported  into  the  United  Kingdom  in  1835,  and  96,949 
were  retained  for  home  consumption.     In  1834,  only  16,223  lbs.  were  retained. 

In  1835,  322,562  lbs.  of  zaifres  were  imported,  and  336,824  are  stated  to  have  been 
retained,  which  is  obviously  an  error.     284,000  lbs.  were  retained  in  1834. 

COCCULUS  INDICUS,  or  Indian  berry,  is  the  fruit  of  the  Menispermum  Cocculus, 
a  large  tree,  which  grows  upon  the  coasts  of  Malabar,  Ceylon,  &c.  The  fruit  is 
blackish,  and  of  the  size  of  a  large  pea.  It  owes  its  narcotic  and  poisonous  qualities  to 
the  vegeto-allcaline  chemical  principle  called  picrotoxia,  of  which  it  contains  about  one 
fiftieth  part  of  its  weight.  It  is  sometimes  thrown  into  waters  to  intoxicate  or  kill  fishes; 
and  it  is  said  to  have  been  employed  to  increase  the  inebriating  qualities  of  ale  or  beer. 
Its  use  for  this  purpose  is  prohibited  by  act  of  parliament,  under  a  penalty  of  200/.  upon 
the  brewer,  and  500/.  upon  the  seller  of  the  drug. 

COCHINEAL  was  taken  in  Europe  at  first  for  a  seed,  but  was  proved  by  the  obser- 
vations of  Lewenhoeck  to  be  an  insect,  beina:  the  female  of  that  species  of  shield-louse, 
or  coccus,  discovered  in  Mexico,  so  long  ago  as  1518.  It  is  brought  to  us  fi'om  Mexico, 
where  the  animal  lives  upon  the  cactus  opuntia  or  nopal.  Two  sorts  of  cochineal 
are  gathered — the  wild,  from  the  woods,  called  by  the  Spanish  name  granu  silvestra ; 
and  the  cultivated,  or  the  granafina,  termed  also  mcsleque,  from  the  name  of  a  Mexican 
province.  The  first  is  smaller,  and  covered  with  a  cottony  down,  which  increases  its 
bulk  with  a  matter  useless  in  dyeing;  it  yields,  therefore,  in  equal  weight,  much  less 
color,  and  is  of  inferior  price  to  that  of  the  fine  cochineal.  But  these  disadvantages 
are  compensated  in  some  measure  to  the  growers  by  its  being  reared  more  easily,  and 
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less  expensively ;   partly  by  the  effect  of  its  down,  which  enables  it  better  to  resist  rains 
and  storms. 

The  wild  cochineal,  when  it  is  bred  upon  the  field  nopal,  loses  in  part  the  tenacity  and 
quantity  of  its  cotton,  and  acquires  a  size  double  of  what  it  has  on  the  wild  opuntias. 
It  may,  therefore,  be  hoped  that  it  will  be  improved  by  persevering  care  in  the  rearing  of 
it,  when  it  will  approach  more  and  more  to  fine  cochineal. 

The  fine  cochineal,  when  well  dried  and  well  preserved,  should  have  a  gray  color, 
bordering  on  purple.  The  gray  is  owing  to  the  powder,  which  naturally  covers  it,  and 
of  which  a  little  adheres ;  as  also  to  a  waxy  fat.  The  purple  shade  arises  from  the 
color  extracted  by  the  water  in  which  Ihey  were  killed.  It  is  wrinkled  with  parallel  fur- 
rows across  its  back,  which  are  intersected  in  the  middle  by  a  longitudinal  one  ;  hence, 
when  viewed  by  a  magnifier,  or  even  a  sharp  naked  eye,  especially  after  being  swollen 
by  soaking  for  a  little  in  water,  it  is  easily  distinguished  from  the  factitious,  smooth, 
glistening,  black  grains,  of  no  value,  called  East  India  cochineal,  with  which  it  is  often 
shamefully  adulterated  by  certain  London  merchants.  The  genuine  cochineal  has  the 
shape  of  an  egg,  bisected  through  its  long  axis,  or  of  a  tortoise,  being  rounded  like  a 
shield  upon  the  back,  flat  upon  the  belly,  and  without  wings. 

These  female  insects  are  gathered  off  the  leaves  of  the  nopal  plant,  after  it  has  ripened 
its  fruit,  a  few  only  being  left  for  brood,  and  are  killed,  either  by  a  momentary  immer- 
sion in  boiling  water,  by  drying  upon  heated  plates,  or  in  ovens :  the  last  become  of  an 
ash-sray  color,  constituting  the  silver  cochinea.],  or  jaspeada ;  the  second  are  blackish, 
called  negra,  and  are  most  esteemed,  bein?  probably  driest ;  the  first  are  reddish  brown, 
and  reckoned  inferior  to  the  other  two.  The  dry  cochineal  being  sifted,  the  dust,  with 
the  imperfect  insects  and  fragments  which  pass  through,  are  sold  under  the  name  of 
graiiillo. 

Cochineal  keeps  for  a  long  time  in  a  dry  place.  Hellot  says  that  he  has  tried  some 
130  years  old,  which  produced  the  same  effect  as  new  cochineal. 

We  are  indebted  to  MM.  Pelletier  and  Caventou  for  a  chemical  investigation  of  cochi- 
neal, in  which  its  coloring  matter  was  skilfully  eliminated. 

Purified  sulphuric  ether  acquired  by  digestion  Avith  it  a  golden  yellow  color,  amounting 
by  Dr.  John  to  one  tenth  of  the  weight  of  the  insect.  This  infusion  left,  on  evaporation, 
a  fatty  wax  of  the  same  color. 

Cochineal,  exhausted  by  ether,  was  treated  with  alcohol  at  40°  B.  After  30  infusions 
in  the  digester  of  M.  Chevreul,  the  cochineal  continued  to  retain  color,  although  the 
alcohol  had  ceased  to  have  any  effect  on  it.  The  first  alcoholic  liquors  were  of  a  red 
verging  on  yellow.  On  cooling,  they  let  fall  a  granular  matter.  By  spontaneous  evapo- 
ration, this  matter,  of  a  fine  red  color,  separated,  assuming  more  of  the  crystalline  ap- 
pearance. These  species  of  crystals  dissolved  entirely  in  water,  Avhich  they  tinged  of  a 
yellowish-red. 

This  matter  has  a  very  brilliant  purple-red  color ;  it  adheres  strongly  to  the  sides  of 
the  vessels ;  it  has  a  granular  and  somewhat  crystalline  aspect,  very  different,  however, 
from  those  compound  crystals  alluded  to  above ;  it  is  not  altered  by  the  air,  nor  does  it 
sensibly  attract  moisture.  Exposed  to  the  action  of  heat,  it  melts  at  about  the  fiftieth 
degree  centigrade  (122°  Fahr.).  At  a  higher  temperature  it  swells  up,  and  is  decom- 
posed with  the  production  of  carbureted  hydrogen,  much  oil,  and  a  small  quantity  of 
water,  very  slightly  acidulous.     No  trace  of  ammonia  was  found  in  these  products. 

The  coloring  principle  of  cochineal  is  very  soluble  in  water.  By  evaporation,  the 
liquid  assumes  the  appearance  of  sirup,  but  never  yields  crystals.  It  requires  of  this 
matter  a  portion  almost  imponderable  to  give  a  perceptible  tinge  of  bright  purplish  red  to 
a  large  body  of  water.  Alcohol  dissolves  this  coloring  substance,  but,  as  we  have  al- 
ready stated,  the  more  highly  it  is  rectified  the  less  of  it  does  it  dissolve.  Sulphuric  ether 
does  not  dissolve  the  coloring  principle  of  cochineal ;  but  weak  acids  do,  possibly  owing 
to  their  water  of  dilution.  No  acid  precipitates  it  in  its  pure  state.  This  coloring  prin- 
ciple, however,  appears  to  be  precipitable  by  all  the  acids,  when  it  is  accompanied  by  the 
animal  matter  of  the  cochineal. 

The  affinity  of  alumina  for  the  coloring  matter  iicvery  remarkable.  When  that  earth, 
newly  precipitated,  is  put  into  a  watery  solution  of  the  coloring  principle,  this  is  imme- 
diately seized  by  the  alumina.  The  water  becomes  colorless,  and  a  fine  red  lake  is  ob- 
tained, if  we  operate  at  the  temperature  of  the  atmosphere ;  but  if  the  liquor  has  been 
hot,  the  color  passes  to  crimson,  and  the  shade  becomes  more  and  more  violet,  accord- 
ing to  the  elevation  of  the  temperature,  and  the  continuance  of  the  ebullition. 

The  salts  of  tin  exercise  upon  the  coloring  matter  of  cochineal  a  remarkable  action. 
The  muriatic  protoxyde  of  tin  forms  a  very  abundant  violet  precipitate  in  the  liquid. 
This  precipitate  verges  on  crimson,  if  the  salt  contains  an  excess  of  acid.  The  muriatic 
deutoxyde  of  tin  produces  no  precipitate,  but  changes  the  color  to  scarlet-red.  If  gelati- 
nous alumina  be  now  added,  we  obtain  a  fine  red  precipitate,  which  does  not  pass  to 
crimson  by  boiling.  ~  ( 
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To  this  coloring  principle  the  name  carminium  has  been  given,  because  it  forms  the 
basis  of  the  pigment  called  carmine. 

The  process  followed  in  Germany  for  making  carmine,  which  consists  in  pouring  a 
certain  quantity  of  solution  of  alum  into  a  decoction  of  cochineal,  is  the  most  simple  of 
all,  and  affords  an  explanation  of  the  formation  of  carmine,  wjiich  is  merely  the  carmi- 
nium and  the  animal  matter  precipitated  by  the  excess  of  acid  in  the  salt,  which  has  taken 
down  with  it  a  small  quantity  of  alumina;  though  it  appears  that  alumina  ought  not  to 
be  regarded  as  essential  to  the  formation  of  carmine.  In  fact,  by  another  process,  called 
by  the  name  of  Madame  Cenette  of  Amsterdam,  the  carmine  is  thrown  down,  by  pouring 
into  the  decoction  of  cochineal  a  certain  quantity  of  the  binoxalate  of  potash.  When  car- 
bonate of  soda  is  added,  then  carminated  lake  also  falls  down.  That  carmine  is  a  triple 
compound  of  animal  matter,  carminium,  and  an  acid,  appears  from  the  circumstance  that 
liquors  which  have  afforded  their  carmine,  when  a  somewhat  strong  acid  is  poured  into 
them,  yield  a  new  formation  of  carmine  by  the  precipitation  of  the  last  portions  of  the 
animal  matter.  But  whenever  the  whole  animal  matter  is  thrown  down,  the  decoctions, 
although  still  much  charged  with  the  coloring  principle,  can  afford  no  more  carmine. 
Such  decoctions  may  be  usefully  employed  to  make  carminated  lakes,  saturating  the 
acid  with  a  slight  excess  of  alkali,  and  adding  gelatinous  alumina.  The  precipitates 
obtained  on  adding  acids  to  the  alkaline  decoctions  of  cochineal,  are  therefore  true 
carmines,  since  they  do  not  contain  alumina ;  but  the  small  quantity  of  alumina  which 
is  thrown  down  by  alum  in  the  manufacture  of  carmine,  augments  its  bulk  and  weight. 
It  gives,  besides,  a  greater  lustre  to  the  color,  even  though  diluting  and  Weakening  it  a 
little. 

The  carmines  found  in  the  shops  of  Paris  were  analyzed,  and  yielded  the  same  pro- 
ducts. They  are  decomposed  by  the  action  of  heat,  with  the  diffusion  at  first  of  a  very 
strong  smell  of  burnin?  animal  matter,  and  then  of  sulphur.  A  white  powder  remained, 
amounting  to  about  one  tenth  of  the  matter  employed,  and  which  was  found  to  be  alu- 
mina. Other  quantities  of  carmine  were  treated  with  a  solution  of  caustic  potash,  which 
completely  dissolved  them,  with  the  exception  of  a  beautiful  red  powder,  not  acted  on  by 
potash  and  concentrated  acids,  and  which  was  recognised  to  be  red  sulphuret  of  mercury 
or  vermilion.  This  matter,  evidently  foreign  to  the  carmine,  appears  to  have  been  ad- 
ded in  order  to  increase  its  weight. 

The  preceding  observations  and  experiments  seem  calculated  to  throw  some  light  on 
the  art  of  dyeing  scarlet  and  crimson.  The  former  is  eflected  by  employing  a  cochineal 
bath,  to  which  there  have  been  added,  in  determinate  proportions,  acidulous  tartrate  of 
potash,  and  nitro-muriatic  deutoxyde  of  tin.  The  efl'ect  of  these  two  salts  is  now  well 
known.  The  former,  in  consequence  of  its  excess  of  acid,  tends  to  redden  the  color, 
and  to  precipitate  it  along  with  the  animal  matter;  the  latter  acts  in  the  same  manner, 
at  first  by  its  excess  of  acid,  then  by  the  oxyde  of  tin  which  falls  down  also  with  the 
carmine  and  animal  matter,  and  is  fixed  on  the  wool,  with  which  it  has  of  itself  a  strong 
tendency  to  combine.  MM.  Pelletier  and  Caventou  remark,  that  "  to  abtain  a  beautiful 
shade,  the  muriate  of  tin  ought  to  be  entirely  at  the  maximum  of  oxydizement ;  and  it 
is  in  reality  in  this  state  that  it  must  exist  in  the  solution  of  tin  prepared  according  to 
the  proportions  prescribed  in  M.  Berthollct's  treatise  on  dyeing." 

We  hence  see  why,  in  dyeing  scarlet,  the  employment  of  alum  is  carefully  avoided,  as 
this  salt  tends  to  convert  the  shade  to  a  crimson.  The  presence  of  an  alkali  would  seem 
less  to  be  feared.  The  alkali  would  occasion,  no  doubt,  a  crimson-colored  bath  ;  but  it 
would  be  easy  in  this  case  to  restore  the  color,  by  usins?  a  large  quantity  of  tartar.  We 
should,  therefore,  procure  the  advantage  of  having  a  bath  better  charged  with  coloring 
matter  and  animal  substance.  It  is  for  experience  on  the  large  scale  to  determine  this 
point.  As  to  the  earthy  salts,  they  must  be  carefully  avoided  ;  and  if  the  waters  be  se- 
lenitish,  it  would  be  a  reason  for  adding  a  little  alkali. 

To  obtain  crimson,  it  is  sufficient,  as  we  know,  to  aJd  alum  to  the  cochineal  bath,  or 
to  boil  the  scarlet  cloth  in  alum  water.  It  is  also  proper  to  diminish  the  dose  of  the  salt 
of  tin,  since  it  is  found  to  counteract  the  action  of  the  alum. 

The  alkalis  ought  to  be  rejected  as  a  means  of  changing  scarlet  to  crimson.  In  fact, 
crimsons  by  this  process  cannot  be  permanent  colors,  as  they  pass  into  reds  by  the  action 
of  acids. 

According  to  M.  Von  Grotthuss,  carmine  may  be  deprived  of  its  golden  shade  by 
ammonia,  and  subsequent  treatment  with  acetic  acid  and  alcohol.  Since  this  fact  was 
made  known,  M.  Herschel,  color  maker  at  Halle,  has  prepared  a  most  beautiful 
carmine. 

The  officers  of  Her  Majesty's  Customs  have  lately  detected  a  system  of  adulterating 
cochineal,  which  has  been  practised  for  many  years  upon  a  prodigious  scale  by  a  mercan- 
tile house  in  London.  I  have  analyzed  about  100  samples  of  such  cochineal,  from  which 
it  appears  that  the  genuine  article  is  moistened  with  gum-water,  agitated  in  a  box  or 
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leather  bag,  first,  with  sulphate  of  baryta  in  fine  powder,  afterwards  with  bone  or  ivory 
black,  to  give  it  the  appearance  of  negra  cochineal,  and  then  dried.  By  this  means  about 
12  per  cent,  of  the  worthless  heavy  spar  is  sold  at  the  price  of  cochineal,  to  the  enrich- 
ment of  the  sophisticators,  and  the  disgrace  and  injury  of  British  trade  and  manufac- 
tures. 

The  specific  gravity  of  genuine  cochineal  is  1*25 ;  that  of  the  cochineal  loaded  with 
the  barytic  sulphate  1-35.  It  was  taken  in  oil  of  turpentine  and  reduced  to  water  as 
unity,  because  the  waxy  fat  of  the  insects  prevents  the  intimate  contact  of  the  latter 
liquid  with  them,  and  the  ready  expulsion  of  air  from  their  wrinkled  surface.  They  are 
not  at  all  acted  upon  by  the  oil,  but  are  rapidly  altered  by  water,  especially  when  they 
have  been  gummed  and  barytified. 

Tiie  quantities  of  cochineal  imported  into  the  United  Kingdom  in  the  following  years 
were  :  — 

1827.        1828.       1829.        1830.       1831.        1832.       1833.        1834.       1835. 
Lbs.     320,722   258,032   288,456   316,589   244,371    388,478   359,381    410,387   418,320 

The  quantities  re-exported  were:  — 

145,756    158,109    153,738    100,059    168,329    138,270    130,732   265,490    352,023 

Humboldt  states  that  so  long  ago  as  the  year  1736,  there  was  imported  into  Europe 
from  South  America  cochineal  to  the  value  of  15  millions  of  francs.  Its  high  price  had 
for  a  long  time  induced  dyers  to  look  out  for  cheaper  substitutes  in  dyeing  red,  and  since 
science  has  introduced  so  many  improvements  in  tinctorial  processes,  both  madder  and 
lac  have  been  made  to  supersede  cochineal  to  a  very  great  extent.  Its  price  has,  in  con- 
sequence of  this  substitution,  as  well  as  from  more  successful  modes  of  cultivation,  fallen 
very  greatly  of  late  years.  At  present  it  is  only  7s.  per  lb.  in  London.  See  Scaklet 
Dyeing. 

COCOA,  STEARINE,  and  ELAINE.  Mr.  Soames  obtained  a  patent  in  September, 
1829,  for  making  these  useful  articles,  by  the  following  process  :  — 

He  takes  the  substance  called  cocoa-nut  oil,  in  the  state  of  lard,  in  which  it  is  imported 
into  this  countr}',  and  submits  it  to  a  strong  hydraulic  pressure,  having  made  it  up  in  small 
packages,  3  or  4  inches  wide,  2  feet  long,  and  1  or  1|  inches  thick.  These  packages  are 
formed  by  first  wrapping  up  the  said  substance  in  a  strong  linen  cloth,  of  close  texture, 
and  ilien  in  an  outward  wrapper  of  strong  sail  cloth.  The  packages  are  to  be  placed  side 
by  side,  in  single  rows,  between  the  plates  of  the  press,  allowing  a  small  space  between 
the  packages  for  the  escape  of  the  elaine. 

The  temperature  at  which  the  pressure  is  begun,  should  be  from  about  50  to  55  degrees, 
or  in  summer  as  nearly  at  this  pitch  as  can  be  obtained,  and  the  packages  of  the  said 
substance  intended  for  pressure,  should  be  exposed  for  several  hours  previously  to  about 
the  same  temperature.  When  the  packages  will  no  longer  yield  their  oil  or  elaine  freely 
at  this  temperature,  it  is  to  be  gradually  raised  ;  but  it  must  at  no  time  exceed  65  degrees, 
and  the  lower  the  temperature  at  which  the  separation  can  be  effected,  the  better  will  be 
the  quality  of  the  oil  expressed. 

When  the  packages  are  sufficiently  pressed,  that  is,  when  they  will  give  out  no  more 
oil,  or  yield  it  only  in  drops  at  long  intervals,  the  residuum  in  them  is  to  be  taken  out  and 
cleansed  and  purified,  which  is  done  by  melting  it  in  a  well-tinned  copper  vessel,  which 
is  fixed  in  an  outer  vessel,  having  a  vacant  space  between,  closed  at  the  top,  into  which 
steam  is  admitted,  and  the  heat  is  kept  up  moderately  for  a  sufficient  time  to  allow  the 
impurities  to  subside;  but  if  a  still  higher  desree  of  purity  is  required,  it  is  necessary  to 
pass  it  through  filters  of  thick  flannel  lined  with  blotting  paper. 

Having  been  thus  cleansed  or  purified,  it  is  fit  for  the  manufacture  of  candles,  which 
are  made  by  the  ordinary  process  used  in  making  mould  tallow  candles.  Having  thus 
disposed  of  the  stearine,  or  what  is  called  the  first  product,  he  proceeds  with  the  elaine 
or  oil  expressed  from  it,  and  which  he  calls  the  second  product,  as  follows :  that  is  to 
say,  he  purifies  it  by  an  admixture,  according  to  the  degree  of  its  apparent  foulness,  of 
from  1  to  2  per  cent,  by  weight  of  the  sulphuric  acid  of  commerce,  of  about  1*80  specific 
gravity,  diluted  with  six  times  its  weight  of  water.  The  whole  is  then  to  be  violently 
agitated  by  mechanical  means,  and  he  prefers  for  this  purpose  the  use  of  a  vessel  con- 
structed on  the  principle  of  a  common  barrel  churn.  When  sufficiently  agitated,  it  will 
have  a  dirty  whitish  appearance,  and  is  then  to  be  d  awn  ofi'  into  another  vessel,  in  which 
it  is  to  be  allowed  to  settle,  and  any  scum  that  rises  is  to  be  carefully  taken  off.  In  a 
day  or  two  the  impurities  will  be  deposited  at  the  bottom  of  the  oil,  which  will  then  be- 
come clear,  or  nearly  so,  and  it  is  to  be  filtered  through  a  thick  woollen  cloth,  after  which 
it  will  be  fit  for  burning  in  ordinary  lamps  and  for  other  uses. 

The  process  of  separating  the  elaine  from  the  stearine,  by  pressure,  in  manner  afore- 
said, had  never  before  been  applied  to  the  substance  called  cocoa-nut  oil,  and  consequently 
no  product  had  heretofore  been  obtained  thereby  from  that  substance,  fit  for  being  ma- 
nufactured into  candles  in  the  ordinary  way,  or  for  being  refined  by  any  of  the  usual 
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modes,  so  as  to  burn  in  ordinary  lamps,  both  which  objects  are  obtained  by  this  method 
of  preparing  or  manufacturing  the  said  substance. 

Candles  well  made  from  the  above  material  are  a  very  superior  article.  The  light 
produced  is  more  brilliant  than  from  the  same  sized  candle  made  of  tallow ;  the  flame  is 
perfectly  colorless,  and  the  wick  remains  free  from  cinder,  or  any  degree  of  foulness  du- 
ring combustion. 

COFFEE.  The  coffee  is  the  seed  of  a  tree  of  the  family  rubiacece,  and  belongs  to  the 
Pentandria  monogynia  of  Linnseus.  There  are  several  species  of  the  genus,  but  the  only 
one  cultivated  is  the  Coffcea  Arahica,  a  native  of  Upper  Ethiopia  and  Arabia  Felix.  It 
rises  to  the  height  of  15  or  20  feet ;  its  trunk  sends  forth  opposite  branches  in  pairs  above 
and  at  right  angles  to  each  other ;  the  leaves  resemble  those  of  the  common  laurel,  al- 
though not  so  dry  and  thick.  From  the  angle  of  the  leaf-stalks  small  groups  of  white 
flowers  issue,  which  are  like  those  of  the  Spanish  jasmine.  These  flowers  fade  very  soon, 
and  are  replaced  by  a  kind  of  fruit  not  unlike  a  cherry,  which  contains  a  yellow  glairy 
fluid,  enveloping  two  small  seeds  or  berries  convex  upon  one  side,  flat  and  furrowed  upon 
the  other  in  the  direction  of  the  long  axis.  These  seeds  are  of  a  horny  or  cartilaginous 
nature ;  they  are  glued  together,  each  being  surrounded  with  a  peculiar  coriaceous  mem- 
brane.   They  constitute  the  cofliee  of  commerce. 

It  was  not  till  towards  the  end  of  the  15th  century  that  the  coffee-tree  began  to  be  cul- 
tivated in  Arabia.  Historians  usually  ascribe  the  discovery  of  the  use  of  coffee  as  a  be» 
verage  to  the  superior  of  a  monastry  there,  who,  desirous  of  preventing  the  monks  from 
sleeping  at  their  nocturnal  services,  made  them  drink  the  infusion  of  coffee  upon  the  re- 
port of  shepherds,  who  pretended  that  their  flocks  were  more  lively  after  browsing  on  the 
fruit  of  that  plant.  The  use  of  coffee  was  soon  rapidly  spread,  but  it  encountered  much 
opposition  on  the  part  of  the  Turkish  government,  and  became  the  occasion  of  public  as- 
semblies. Under  the  reign  of  Amurath  III.  the  mufti  procured  a  law  to  shut  all  the  cof- 
fee-houses, and  this  act  of  suppression  was  renewed  under  the  minority  of  Mahomet  IV. 
It  was  not  till  1554,  under  Solyman  the  Great,  that  the  drinking  of  coffee  was  accredited  in 
Constantinople ;  and  a  century  elapsed  before  it  was  known  in  London  and  Paris.  Soly- 
man Asa  introduced  its  use  into  the  latter  city  in  1669,  and  in  1672  an  Armenian  estab- 
lished the  first  cafe  at  the  fair  of  Saint  Germain. 

When  coffee  became  somewhat  of  a  necessary  of  life,  from  the  influence  of  habit 
among  the  people,  all  the  European  powers  who  had  colonies  between  the  tropics,  pro- 
jected to  form  plantations  of  coffee-trees  in  them.  The  Dutch  were  the  first  who  trans- 
ported the  coffee  plant  from  Moka  to  Batavia,  and  from  Batavia  to  Amsterdam.  In 
1714  the  magistrates  of  that  city  sent  a  root  to  Louis  XIV.,  which  he  caused  to  be 
planted  in  the  Jardin  du  Roi.  This  became  the  parent  stock  of  all  the  French  cofiee  plan- 
tations in  Martinique. 

The  most  extensive  culture  of  coffee  is  still  in  Arabia  Felix,  and  principally  in  the 
kingdom  of  Yemen,  towards  the  cantons  of  Aden  and  Moka.  Althouah  these  countries 
are  very  hot  in  the  plains,  they  possess  mountains  where  the  air  is  mild.  The  coffee  is 
generally  grown  half  way  up  on  their  slopes.  When  cultivated  on  the  lower  grounds  it 
is  always  surrounded  by  large  trees  which  shelter  it  from  the  torrid  sun,  and  prevent  its 
fruit  from  withering  before  their  maturity.  The  harvest  is  gathered  at  three  periods ;  the 
most  considerable  occurs  in  May,  when  the  reapers  begin  by  spreading  cloths  under  the 
trees,  then  shaking  the  branches  strongly,  so  as  to  make  the  fruit  drop,  which  they  collect, 
and  expose  upon  mats  to  dry.  They  then  pass  over  the  dried  berries  a  very  heavy  roller, 
to  break  the  envelops,  which  are  afterwards  winnowed  away  with  a  fan.  The  interior 
bean  is  again  dried  before  being  laid  up  in  store. 

In  Demarara,  Berbice,  and  some  of  our  West  India  islands,  where  much  good  coffee 
is  now  raised,  a  different  mode  of  treating  the  pulpy  fruit  and  curing  the  beans  is 
adopted.  When  the  cherry-looking  berry  has  assumed  a  deep-red  color  it  is  gatliered, 
and  immediately  subjected  to  the  operations  of  a  mill  composed  of  two  wooden  rollers, 
furnished  with  iron  plates,  which  revolve  near  a  third  fixed  roller  called  the  chops. 
The  berries  are  fed  into  a  hopper  above  the  rollers,  and  falling  down  between  them  and 
the  chops,  they  are  stripped  of  their  outer  skin  and  pulp,  while  the  twin  beans  are  se- 
parated from  each  other.  These  beans  then  fall  upon  a  sieve,  which  allows  the  skin  and 
the  pulp  to  pass  through,  while  the  hard  beans  accumulate  and  are  progressively  slid 
over  the  edge  into  baskets.  They  are  next  steeped  for  a  night  in  water,  thoroughly 
washed  in  the  morning,  and  afterwards  dried  in  the  sun.  They  are  now  ready  for  the 
peelin?  mill,  a  wooden  edge  wheel  turned  vertically  by  a  horse  yoked  to  the  extremity  of 
its  horizontal  axis.  In  travelling  over  the  coflee,  it  bursts  and  detaches  the  coriaceous 
or  parchment-like  skin  which  surrounds  each  hemispherical  bean.  It  is  then  freed  from 
the  membranes  by  a  winnowing  machine,  in  which  four  pieces  of  tin  made  fast  to  an  axle 
are  caused  to  revolve  with  great  velocity.  Corn  fanners  would  answer  better  than  this 
rude  instrument  of  negro  invention.  The  coffee  is  finally  spread  upon  mats  or  tables, 
picked  clean,  and  packed  up  for  shipment. 
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The  most  highly  esteemed  coffee  is  that  of  Moka.  It  has  a  smaller  and  a  rounder 
bean;  a  more  agreeable  taste  and  smell  than  any  other.  Its  color  is  yellow.  Next 
to  it  in  European  reputation  are  the  Martinique  and  Bourbon  coffees;  the  former  is 
larger  than  the  Arabian,  and  more  oblong ;  it  is  rounded  at  the  ends ;  its  color  is  green- 
ish, and  it  preserves  almost  always  a  silver  gray  pellicle,  which  comes  off  in  the  roasting. 
The  Bourbon  coffee  approaches  nearest  to  the  Moka,  from  which  it  originally  sprung. 
The  Saint  Domingo  coffee  has  its  two  extremities  pointed,  and  is  much  less  esteemed 
than  the  preceding. 

The  coffee-tree  flourishes  in  hilly  districts,  where  its  root  can  be  kept  dry,  while  its 
leaves  are  refreshed  with  frequent  showers.  Rocky  ground,  with  rich  decomposed 
mould  in  the  fissures,  agrees  best  with  it.  Though  it  would  grow,  as  we  have  said,  to 
the  height  of  15  or  20  feet,  yet  it  is  usually  kept  down  by  pruning  to  that  of  five  feet, 
for  increasing  the  production  of  the  fruit,  as  well  as  for  the  convenience  of  crop- 
ping. It  begins  to  yield  fruit  the  third  year,  but  is  not  in  full  bearing  till  the  fifth, 
does  not  thrive  beyond  the  twenty-fifth,  and  is  useless  in  general  at  the  thirtieth. 
In  the  coffee  husbandry,  the  plants  should  be  placed  eight  feet  apart,  as  the  trees  throw 
out  extensive  horizontal  branches,  and  in  holes  ten  or  twelve  feet  deep,  to  secure  a  con- 
stant supply  of  moisture. 

Coffee  has  been  analyzed  by  a  great  many  chemists,  with  considerable  diversity  of 
results.  The  best  analysis  perhaps  is  that  of  Schrader.  He  found  that  the  raw  beans 
distilled  with  water  in  a  retort  communicated  to  it  their  flavor  and  rendered  it  turbid, 
whence  they  seem  to  contain  some  volatile  oil.  On  reboiling  the  beans,  filtering,  and 
evaporating  the  liquor  to  a  sirup,  adding  a  little  alcohol  till  no  more  matter  was  preci- 
pitated, and  then  evaporating  to  dryness,  he  obtained  17'58  per  cent,  of  a  yellowish- 
brown  transparent  extract,  which  constitutes  the  characteristic  part  of  coffee,  though  it 
is  not  in  that  state  the  pure  proximate  principle  called  cafeine.  Its  most  remarkable 
reaction  is  its  producing,  with  both  the  protoxyde  and  the  pei-oxyde  salts  of  iron,  a  fine 
grass  green  color,  while  a  dark  green  precipitate  falls,  which  re-dissolves  when  an  acid 
is  poured  into  the  liquor.  It  produces  on  the  solution  of  the  salts  of  copper  scarcely 
any  effect,  till  an  alkali  be  added,  when  a  very  beautiful  green  color  is  produced,  which 
may  be  employed  in  painting.  Coffee  beans  contain  also  a  resin,  and  a  fatty  substance 
somewhat  like  suet.  Accordin?  to  Robiquet,  ether  extracts  from  coffee  beans  nearly  10 
per  cent,  of  resin  and  fat,  but  he  probably  exagserates  the  amount.  The  peculiar  sub- 
stance cafeine  contained  in  the  above  extract  is  crystallizable.  It  is  remarkable  in 
regard  to  composition,  that  after  urea  and  the  uric  acid,  it  is  among  organic  products 
the  richest  in  azote.  It  was  discovered  and  described  in  1820  by  Runge.  It  does  not 
possess  alkaline  properties.  Pfaff  obtained  only  90  grains  of  cafeine  from  six  pounds 
of  coffee  beans.  There  is  also  an  acid  in  raw  coffee,  to  which  the  name  of  cafcic  acid 
has  been  given.  When  distilled  to  dryness  and  decomposed,  it  has  the  smell  of  roasted 
coffee. 

Coffee  undergoes  important  changes  in  the  process  of  roasting.  When  it  is  roasted 
to  a  yellowish  brown  it  loses,  according  to  Cadet,  121  per  cent,  of  its  weight,  and  is  in 
this  state  difficult  to  grind.  When  roasted  to  a  chestnut  brown  it  loses  18  per  cent., 
and  when  it  becomes  entirely  black,  though  not  at  all  carbonized,  it  has  lost  23  per  cent. 
Schrader  lias  analyzed  roasted  coffee  comparatively  with  raw  coffee,  and  he  found  in 
the  first  12^  per  cent,  of  an  extract  of  coffee,  soluble  in  water  and  alcohol,  which  pos- 
sesses nearly  the  properties  of  the  extract  of  the  raw  coffee,  although  it  has  a  deeper 
brown  color,  and  softens  more  readily  in  the  air.  He  found  also  10*4  of  a  blackish 
brown  gum ;  5*7  of  an  oxygenated  extract,  or  rather  apo'heme,  soluble  in  alcohol,  inso- 
luble in  water ;  2  of  a  fatty  substance  and  resin;  69  of  burnt  vegetable  fibre,  insoluble. 
On  distilling  roasted  coffee  with  water,  Schrader  obtained  a  product  which  contained  the 
aromatic  principle  of  coffee;  it  reddened  litmus  paper,  and  exhaled  a  stron?  and  agree- 
able odor  of  roasted  coffee.  If  we  roast  coffee  in  a  retort,  the  first  portions  of  the  aro- 
matic principle  of  coffee  condense  into  a  yellow  liquid  in  the  receiver  ;  and  these  may  be 
added  to  the  coffee  roasted  in  the  common  way,  from  which  this  matter  has  been  expel- 
led and  dissipated  in  the  air. 

Chenevix  affirmed  that  by  the  roasting  of  coffee  a  certain  quantity  of  tannin  possessing 
the  property  of  precipitating  gelatin  is  generated.  Cadet  made  the  same  observation, 
and  found,  moreover,  that  the  tannin  was  most  abundant  in  the  lightly  roasted  coffee,  and 
that  there  was  nearly  none  of  it  in  coffee  highly  roasted.  Paysse  and  Schrader,  on  the 
contrary,  state  that  solution  of  gelatin  does  not  precipitate  either  the  decoction  of  roast- 
ed coffee  or  the  alcoholic  extract  of  this  coffee.  Runge  likewise  asserts  that  he  could 
obtain  no  precipitate  with  gelatin  ;  but  he  says  that  albumen  precipitates  from  the  de- 
coction of  roasted  coffee  the  same  kind  of  tannin  as  is  precipitated  from  raw  coffee  by  the 
acetate  of  lead,  and  set  free  from  the  lead  by  sulphureted  hydrogen.  With  these  results 
my  own  experiments  agree.  Gelatin  certainly  does  not  disturb  clear  infusion  of  roasted 
coffee,  but  the  salts  of  Li-on  blacken  it. 
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Schrader  endeavored  to  roast  separately  the  different  principles  of  coffee,  but  none  of 
them  exhaled  the  aromatic  odor  of  roasted  coffee  except  the  horny  fibrous  matter.  He 
therefore  concludes  that  this  substance  contributes  mainly  to  the  characteristic  taste  of 
roasted  coffee,  which  cannot  be  imitated  by  any  other  vegetable  matter,  and  which,  as  we 
have  seen,  should  be  ascribed  chiefly  to  the  altered  cafeic  acid.  According  to  Garot,  we 
may  extract  the  cafeine  without  alteration  from  roasted  coffee  by  precipitating  its  decoc- 
tion by  subacetate  of  lead,  treating  the  washed  precipitate  with  sulphureted  hydrogen, 
and  evaporating  the  liquid  product  to  dryness. 

Of  late  years,  much  ingenuity  has  been  expended  in  contriving  various  forms  of  appa- 
ratus for  making  infusions  of  coffee  for  the  table.  I  have  tried  most  of  them,  and  find, 
after  all,  none  so  good  as  a  cafetiere  a  la  Belloy,  the  coffee  higgin,  with  the  perforated  tin- 
plate  strainer,  especially  when  the  filtered  liquor  is  kept  simmering  in  a  close  vessel,  set 
over  a  lamp  or  steam  pan.  The  useful  and  agreeable  matter  in  coffee  is  very  soluble  :  it 
comes  off  with  the  first  waters  of  infusion,  and  needs  no  boiling. 

To  roast  coffee  rightly  we  should  keep  in  view  the  proper  objects  of  this  process,  which 
are  to  develop  its  aroma,  and  destroy  its  toughness,  so  that  it  may  be  readily  ground  to 
powder.  Too  much  heat  destroys  those  principles  which  we  should  wish  to  preserve,  and 
substitutes  new  ones  which  have  nothing  in  common  with  the  first,  but  add  a  disagreea- 
ble empyreumatic  taste  and  smell.  If,  on  the  other  hand,  the  rawness  or  greenness  is 
not  removed  by  an  adequate  heat,  it  masks  the  flavor  of  the  bean,  and  injures  the  bev- 
erage made  with  it.  When  well  roasted  in  the  sheet-iron  cylinders  set  to  revolve  over  a 
fire,  it  should  have  a  uniform  chocolate  color,  a  point  readily  hit  by  experienced  roasters, 
who  now  manage  the  business  very  well  for  the  principal  coffee-dealers  both  of  London 
and  Paris,  so  far  as  my  judgment  can  determine.  The  development  of  the  proper  aroma 
is  a  criterion  by  which  coffee-roasters  frequently  regulate  their  operations.  When  it  loses 
more  than  20  per  cent,  of  its  weight,  coffee  is  sure  to  be  injured.  It  should  never  be 
ground  till  immediately  before  infusion. 

COKE  is  carbonized  pitcoal.     See  Charcoal  ;  and  Pitcoal  at  the  end. 

COLCOTHAR  OF  VITRIOL  (Rouge  d'Jngleterre,  Fr. ;  Rothes  Eisenoxyd,  Germ.) 
is  the  brown-red  peroxyde  of  iron,  produced  by  calcining  sulphate  of  iron  with  a  strong 
heat,  levigating  the  resulting  mass,  and  elutriating  it  into  an  impalpable  powder.  A  bet- 
ter way  of  making  it  so  as  to  complete  the  separation  of  the  acid,  is  to  mix  100  parts  of 
the  green  sulphate  of  iron  with  42  of  common  salt,  to  calcine  the  mixture,  wash  away 
the  resulting  sulphate  of  soda,  and  levigate  the  residuum.  The  sulphuric  acid  in  this 
case  expels  the  chlorine  of  the  salt  in  the  form  of  muriatic  acid  gas,  and  saturates  its 
alkaline  base  produced  by  the  chemical  reaction ;  whence  an  oxyde  will  be  obtained  free 
from  acid,  much  superior  to  what  is  commonly  found  in  the  shops.  The  best  sort  of  pol- 
ishing powder,  qhlW^A  jewellers'  red  rouge  or  plate  powder,  is  the  precipitated  oxyde  of  iron 
prepared  by  adding  solution  of  soda  to  solution  of  copperas,  washing,  drying,  and  cal- 
cining the  powder  in  shallow  vessels  with  a  gentle  heat,  till  it  assumes  a  deep  brown  red 
color.     See  Iron. 

COLOPHANY,  black  rosin,  the  solid  residuum  of  the  distillation  of  turpentine,  when 
all  the  oil  has  been  worked  off, 

COLORING  MATTER.  [Matilre.  colorante,'Fx.;  Farhstoff,  Germ.)  See  Dyeing, 
the  several  dye-stuffs  and  pigments. 

COLUMBIUM,  a  peculiar  metal  extracted  from  a  rare  mineral  brought  from  Haddam, 
in  Connecticut.  It  is  also  called  Tantalium,  from  the  mineral  tantalile  and  yttro-tantalife, 
found  in  Sweden.  It  has  hitherto  no  application  to  the  arts.  It  combines  with  two  suc- 
cessive doses  of  oxygen  ;  by  the  second  it  becomes  an  acid. 

COLZA  is  a  variety  of  cabbage,  the  brassica  oleracea,  whose  seeds  afford,  by  pressure, 
an  oil  much  employed  in  France  and  Belgium  for  burning  in  lamps,  and  for  many  other 
purposes.  This  plant  requires  a  rich  but  light  soil ;  it  does  not  succeed  upon  either  sandy 
or  clayey  lands.  The  ground  for  it  must  be  deeply  ploughed  and  well  dunged.  It  should 
be  sown  in  July,  and  be  afterward  replanted  in  a  richly-manured  field.  In  October  it  is 
to  be  planted  out  in  beds,  13  or  18  inches  apart.  Colza  may  also  be  sowed  in  furrows  8 
or  10  inches  asunder. 

Land  which  has  been  just  cropped  for  wheat  is  that  usually  destined  to  colza ;  it  may 
be  fresh  dunged  with  advantage.  The  harvest  takes  place  in  July,  with  the  sickle,  a 
little  before  the  seeds  are  completely  ripe,  lest  they  should  drop  off.  As  the  seed  is  pro- 
ductive of  oil,  however,  only  in  proportion  to  its  ripeness,  the  cut  plants  are  allowed  to 
complete  their  maturation,  by  laying  them  in  heaps  under  airy  sheds,  or  placing  them  in 
a  stack,  and  thatching  it  with  straw. 

The  cabbage-stalks  are  thrashed  with  flails,  the  seeds  are  winnowed,  sifted,  spread  out 
in  the  air  to  dry  ;  then  packed  away  in  sacks,  in  order  to  be  subjected  to  the  oil-mill  at 
the  beginning  of  winter.  The  oil-cake  is  a  very  agreeable  food  to  cattle,  and  serves  to 
fatten  them.     It  is  reckoned  to  defray  the  cost  of  the  mill. 

Colza  impoverishes  the  soil  very  much,  as  do,  indeed,  all  the  plants  cultivated  for  the 
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sake  of  their  oleaginous  seeds.  It  must  not,  therefore,  be  come  back  upon  again  for  six 
years,  if  fine  crops  be  desired.  The  double  ploughing  which  it  requires  efl'ectually 
cleans  the  ground.     See  Oils,  Unctuous, 

COMB,  the  name  of  an  instrument  made  of  a  thin  plate  either  plane  or  curved  of  wood, 
horn,  tortoise-shell,  ivory,  bone,  or  metal,  cut  out  upon  one  or  both  of  its  sides  or  edges, 
into  a  series  of  somewhat  long  teeth,  not  far  apart;  which  is  employed  for  disentangling, 
laying  parallel  and  smooth  the  hairs  of  man,  horses,  or  other  animals. 

A  thin  steel  saw  bow,  mounted  in  an  iron  or  wOoden  handle,  is  the  im.plement  used 
by  the  comb-maker  to  cut  the  bone,  ivory,  and  wood  into  slices  of  from  a  twelfth  to  a 
quarter  of  an  inch  thick,  and  of  a  size  suitable  to  that  of  the  comb.  The  pieces  of 
tortoise-shell  as  found  in  commerce  are  never  ilat,  or,  indeed,  of  any  regular  curvature, 
such  as  the  comb  must  have.  They  are  therefore  steeped  in  boiling  water  sufficiently 
long  to  soften  them,  and  set  to  cool  in  a  press  between  iron  or  brass  moulds,  which  im- 
part to  them  the  desired  form  which  they  preserve  after  cooling.  After  receiving  their 
outline  shape  and  curvature,  by  proper  flat  files  or  fine  rasps,  the  place  of  the  teeth  is 
marked  with  a  triangular  file,  and  then  the  teeth  themselves  are  cut  out  with  a  double 
saw,  composed  of  two  thin  slips  of  tempered  steel,  such  as  the  main-spring  of  a  watch, 
notched  with  very  fine  sharp  teeth.  These  slips  are  mounted  in  a  wooden  or  iron  stock 
or  handle,  in  which  they  may  be  placed  at  diil'erent  distances,  to  suit  the  width  of  the 
comb-teeth.  A  comb-maker,  however,  well  provided  in  tools,  has  an  assortment  of 
double  saws  set  at  every  ordinary  with.  The  two  slips  of  this  saw  have  their  teeth  in 
different  planes,  so  that  when  it  begins  to  cut,  the  most  prominent  slip  alone  acts,  and 
when  the  teeth  of  this  one  have  fairly  entered  into  the  comb,  the  other  parallel  blade 
begins  to  saw.  The  workman,  meanwhile,  has  fixed  the  plate  of  tortoise-shell  or  ivory 
between  the  flat  jaws  of  two  pieces  of  wood,  like  a  vice  made  fast  to  a  bench,  so  that 
the  comb  intended  to  be  cut  is  placed  at  an  angle  of  46°  with  the  horizon.  He  now  saws 
pei-pendicularly,  forming  two  teeth  at  a  time,  proceeding  truly  in  the  direction  of  the  first 
tracing. 

A  much  better  mode  of  making  combs  is  to  fix  upon  a  shaft  or  arbor  in  a  lathe  a  se- 
ries of  circular  saws,  wilh  intervening  brass  washers  or  discs  to  keep  them  at  suitable  dis- 
tances; to  set  in  a  frame  like  a  vice,  in  front  of  these  saws,  the  piece  of  ivory  or  horn  to 
be  cut ;  and  to  press  it  forward  upon  the  saws  at  an  angle  of  45  degrees,  by  means  of  a 
regulated  screw  motion.  When  the  teeth  are  thus  cut,  they  are  smoothed  and  polished 
with  files,  and  by  rubbing  with  pumice-stone  and  tripoli. 

Mr.  Bund}-,  of  Camden  Town,  obtained  a  patent  so  long  ago  as  1796,  for  an  apparatus 
of  that  kind,  which  had  an  additional  arbor  fitted  with  a  series  of  circular  saws,  or  rather 
files,  for  sharpening  the  points  of  the  comb-teeth. 

More  recently,  Mr.  Lyne  has  invented  a  machine  in  which,  by  means  of  pressure,  two 
combs  are  cut  out  at  once  with  chisels  from  any  tough  material,  such  as  horn  or  tortoise- 
shell,  somewhat  softened  at  the  moment  by  the  application  of  a  heated  iron  to  it.  The 
piece  of  horn  is  made  fast  to  a  carriage,  which  is  moved  forward  by  means  of  a  screw 
until  it  comes  under  the  action  of  a  ratchet-wheel,  toothed  upon  a  part  of  its  circum- 
ference. The  teeth  of  this  wheel  bring  a  lever  into  action,  furnished  with  a  chisel  or 
knife,  which  cuts  out  a  double  comb  from  the  flat  piece,  the  teeth  of  which  combs  are 
opposite  to  each  other.  By  this  means,  no  part  of  the  substance  is  lost,  as  in  sawing 
out  combs.  The  same  carriage  may  be  used,  also,  to  bear  a  piece  of  ivory  in  the  hard 
state  toward  a  circular  saw,  on  the  principles  above  explained,  with  such  precision,  that 
from  80  to  100  teeth  can  be  formed  in  the  space  of  one  inch  by  a  proper  disposition  of 
the  tool. 

Bullocks'  horns,  after  the  tips  are  sawed  off,  are  roasted  in  the  flame  of  a  wood  fire, 
till  they  are  sufficiently  softened ;  when  they  are  slit  up,  pressed  in  a  machine  between 
two  iron  plates,  and  then  plunged  into  a  trough  of  cold  water,  whereby  they  are  hard- 
ened. A  paste  of  quicklime,  litharge,  and  water  is  used  to  stain  the  horn  to  resemble 
tortoise-shell.     See  Horn. 

COMBINATION  (Com6i?2owow,  Fr.;  Verbindung,  Germ.);  a  chemical  term  which 
denotes  the  intimate  union  of  dissimilar  particles  of  matter,  into  a  homogeneous-look- 
ing compound,  possessed  of  properties  generally  different  from  those  of  the  separate 
constituents. 

COMBUSTIBLE  (Eng.  and  Fr. ;  Brennstoff,  Germ.)  ;  any  substance  which,  exposed  in 
the  air  to  a  certain  temperature,  consumes  spontaneously  with  the  emission  of  heat 
and  light.  All  such  combustibles  as  are  cheap  enough  for  common  use  so  under  the 
name  of  Fuel ;  which  see.  Every  combustible  requires  a  peculiar  pitch  of  temperature 
to  be  kindled,  called  its  accendible  point.  Thus  phosphorus,  sulphur,  hydrogen,  carbu- 
reted hydrogen,  carbon,  each  takes  fire  at  successively  higher  heats. 

COMBUSTION  (En?,  and  Fr. ;  Verhrennung,  Germ.)  results  in  common  cases 
from  the  mutual  chemical  reaction  of  the  combustible,  and  the  oxygen  of  the  atmosphere, 
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whereby  a  new  compound  is  formed ;  the  heat  and  light  evolved  being  most  probably 
produced  by  ihe  rapid  motions  of  the  particles  during  the  progress  of  this  combinaJion. 
COMPOUND  COLORS.  If  the  eflects  of  the  coloring  particles  did  not  vary 
according  to  the  combinations  which  they  form,  and  the  actions  exercised  upon  them  by 
the  different  substances  present  in  a  dyeing  bath,  we  might  determine  with  precision 
the  shade  which  ought  to  result  from  the  mixture  of  any  two  colors,  or  of  the  ingredients 
affording  these  colors  separately.  Though  the  chemical  action  of  the  mordants,  and  of 
the  liquor  in  the  dye-bath  often  changes  the  results,  yet  theory  may  always  predict  them 
within  a  certain  degree.  It  is  not  the  color  appropriate  to  the  dye-stuffs  which  is  to  be 
considered  as  the  constituent  part  of  compound  colors,  but  that  which  they  must  assume 
with  a  certain  mordant  and  dye-bath.  Our  attention  ought  therefore  to  be  directed 
principally  to  the  operation  of  the  chemical  agents  employed. 

1.  The  mixture  of  blue  and  yellow  dyes  produces  green.  D'Ambourney,  indeed, 
says  that  he  has  extracted  a  fast  green  from  the  fermented  juice  of  the  berries  of  the 
buckthorn  (rhamnus  fragula),  but  no  dyer  would  trust  to  such  a  color. 

2.  The  mixture  of  red  and  blue  produces  violet,  purple,  colmnhine  (dove-color"), 
pansy,  amaranth,  lilach,  mallow,  and  a  great  many  other  shades,  determined  by  the  nature 
and  tone  of  the  red  and  blue  dye-stuffs,  as  well  as  their  relative  proportions  in  the 
bath. 

3.  The  mixture  of  red  and  yellow  produces  orange,  mordorc,  cinnamon,'  coquelicot, 
brick,  capuchin  ;  with  the  addition  of  blue,  olives  of  various  shades ;  and  with  duns  in- 
stead of  yellows,  chestnut,  snuff,  musk,  and  other  tints. 

4.  Blacks  of  the  lighter  kinds  constitute  grays ;  and,  mixed  with  other  colors,  pro- 
duce marrone  (marroons),  coffees,  damascenes.  For  further  details  upon  this  sub- 
ject, see  Calico  Pkinting,  Dyeing,  as  also  the  individual  colors  in  their  alphabetical 
places. 

CONCRETE.  The  name  given  by  architects  to  a  compact  mass  of  pebbles,  sand, 
and  lime  cemented  together,  in  order  to  form  the  foundations  of  buildings.  Semple 
says  that  the  best  proportions  are  80  parts  of  pebbles,  each  about  7  or  8  ounces  in 
weight,  40  parts  sharp  river  sand,  and  10  of  good  lime ;  the  last  is  to  be  mixed  with 
water  to  a  thinnish  consistence,  and  grouted  in.  It  has  been  found  that  Thames  ballast, 
as  taken  from  the  bed  of  the  river,  consists  nearly  of  2  parts  of  pebbles  to  1  of  sand,  and 
therefore  answers  exceedingly  well  for  making  concrete  ;  with  from  one  seventh  to  one 
eighth  part  of  lime.  The  best  mode  of  making  concrete,  according  to  Mr.  Godv/in, 
is  to  mix  the  lime,  previously  ground,  with  the  ballast  in  a  dry  state ;  sufficient  water 
is  now  thrown  over  it  to  effect  a  perfect  mixture,  after  which  it  should  be  turned  over  at 
least  twice  with  shovels,  or  oftener ;  then  put  into  barrows,  and  wheeled  aAvay  for  use 
instantly.  It  is  generally  found  advisable  to  employ  two  sets  of  men  to  perform  this 
operation, with  three  in  each  set;  one  man  to  fetch  the  water,  &c.,  while  the  other  two 
turn  over  the  mixture  to  the  second  set,  and  they,  repeating  the  process,  turn  over  the 
concrete  to  the  barrow-men.  After  being  put  into  the  barrows,  it  should  at  once  be 
wheeled  up  planks,  so  raised  as  to  give  it  a  fall  of  some  yards,  and  thrown  into  the 
foundation,  by  which  means  the  particles  are  driven  closer  together,  and  greater  solidity 
is  given  to  the  whole  mass.  Soon  after  being  thrown  in,  the  mixture  is  observed  usually 
to  be  in  commotion,  and  much  heat  is  evolved  with  a  copious  emission  of  vapor. 
The  barrow-load  of  concrete  in  the  fall,  spreading  over  the  ground,  will  form  generally 
a  stratum  of  from  7  to  9  inches  thick,  which  should  be  allowed  to  set  before  throwing  in 
a  second. 

Another  method  of  making  concrete,  is  first  to  cover  the  foundation  with  a  certain 
quantity  of  water,  and  then  to  throw  in  the  dry  mixture  of  ballast  and  lime.  It  is  next 
turned  and  levelled  with  shovels ;  after  Avhich  more  water  is  pumped  in,  and  the  operation 
is  repeated.     The  former  method  is  undoubtedly  preferable. 

In  some  cases  it  has  been  found  necessary  to  mix  the  ingredients  in  a  pug-mill,  as  in 
mixing  clay,  &c.  for  bricks.  For  the  preparation  of  a  concrete  foundation,  as  the  harden- 
ing should  be  rapid,  no  more  water  should  be  used  than  is  absolutely  necessary  to  effect 
a  perfect  mixture  of  the  ingredients.  Hot  water  accelerates  the  induration.  There  is 
about  one  fifth  of  contraction  in  volume  in  the  concrete,  in  reference  to  the  bulk  of  its 
ingredients.  To  form  a  cubical  yard  of  concrete,  about  30  feet  cube  of  ballast  and  3^ 
feet  cube  of  ground  lime  must  be  employed,  with  a  sufficient  quantity  of  water. 

CONGELATION  (Eng.  and  Fr. ;  Gefriermg,  Germ.) ;  the  act  of  freezing  liquids. 
Many  means  are  supplied  by  chemistry  of  effecting  or  promoting  this  process,  but  they 
do  not  constitute  any  peculiar  art  or  manufacture.     See  Ice-House. 

COOLING  OF  FLUIDS.  In  Mr.  Derosnes's  method,  the  cooling  agents  employed 
are  a  current  of  atmospheric  air,  and  warm  water  of  the  same  or  nearly  the  same 
temperature  as  that  of  the  vapors  which  are  to  be  operated  upon. 

Fig.  295  represents  merely  a  diagram  of  the  general  features  of  an  apparatus  con- 
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structed  upon  the  principles  proposed  to  be  employedj  which  will  serve  to  explain  the 
nature  of  this  improvement. 

295  Let  A  be  the  source  of 

ll-K  the  vapors,  or  the  vessel, 

boiler,  alembic,  or  closed 
pan  that  contains  the 
liquid  or  sirup  to  be  eva- 
porated or  concentrated. 
The  pipe  b,  through  which 
the  vapor  passes  as  it 
rises  in  the  boiler,  is  sur- 
rounded by  another  tube 
c,of  larger  diameter,  closed 
at  both  ends.  A  pump  d, 
draws  from  the  reservoir  e, 
warm  water,  which  water 
has  been  heated  by  its  pre- 
vious and  continual  pas- 
sage through  the  appa- 
ratus m  contact  with  the 
surface  of  the  vapor  pipes. 
This  pump  forces  the  water  by  the  pipe  f,  into  the  annular  space  or  chamber  between  the 
pipes  B  and  c,  in  which  chamber,  by  its  immediate  contact  with  the  pipe  b,  it  acquires  the 
temperature  of  the  vapors  intended  to  be  refrigerated.  The  pipe  g  conveys  the  water  from 
the  pipe  c,  into  the  annular  colander  or  sieve  h,  which  has  a  multitude  of  small  holes 
pierced  through  Us  under  part,  and  whence  the  warm  water  descends  in  the  form  of 
a  continued  shower  of  rain.  To  the  end  of  the  pipe  b,  a  distiller's  worm  i  r,  is  connected, 
which  is  placed  beneath  the  colander  H.  The  entire  length  of  the  worm-pipe  should 
be  bound  round  with  linen  or  cotton  cloth,  as  a  conductor  of  the  heat,  which  cloth  will 
be  continually  moistened  by  the  rain  in  its  descent  from  the  colander.  As  this  water 
has  been  heated  in  passing  along  the  tube  c,  the  shower  of  rain  descending  from  the 
colander  will  be  at  a  higher  temperature  than  that  of  the  atmosphere,  and,  consequently, 
by  heating  the  surrounding  air  as  it  descends,  a  considerable  upward  draft  will  be 
produced  through  the  coils  of  the  worm-pipe. 

If  the  colander  and  the  worm-pipe  are  enclosed  within  a  chimney  or  upright  tube,  as 
K  K,  open  at  top  and  bottom,  a  current  of  ascending  air  will  be  produced  within  it  by 
the  descending  shower  of  hot  water,  similar  in  effect  to  that  which  would  be  produced 
in  a  chimney  .communicating  with  a  furnace,  or  to  that  of  the  burner  of  an  argand 
lamp.  Consequently,  it  will  be  perceived  that  in  opposition  to  the  descending  rain,  a 
strong  upward  current  of  air  will  blow  through  that  part  of  the  cylinder  k  k,  which  is 
beneath  the  colander.  AVhen  the  air  first  enters  the  lower  aperture  of  the  chimney  or 
tube  K,  it  is  of  the  same  temperature  and  moisture  as  the  external  atmosphere  ;  but  in 
its  passage  up  the  tube  it  meets  with  a  warmer  and  damper  atmosphere,  caused  by  the 
heat  given  out  from  the  hot  fluid  continually  passing  through  the  pipes,  and  by  the  hot 
shower  of  rain,  and  also  by  the  steam  evolved  from  the  surfaces  of  the  coils  of  the  worm, 
which  are  continually  wetted  by  the  descending  rain,  the  evaporation  being  consideiably 
augmented  by  the  cloth  bound  round  the  worm-pipe,  retaining  the  water  as  it  descends  in 
drops  from  coil  to  coil. 

Tlie  atmosphere  within  the  tube  being  of  a  higher  temperature  than  without,  a 
current  of  air  constantly  ascends  and  escapes  at  the  upper  aperture  k,  and  its  place  is 
supplied  by  fresh  air  from  the  surrounding  atmosphere,  entering  the  tube  below.  The 
fresh  air  thus  admitted  at  the  bottom  of  the  lube,  being  cold  and  dry,  will  be  suited  to 
take  up  the  heat  and  moisture  within,  because  the  water  within  the  tube,  being  in  a 
state  of  dispersion  as  rain,  presents  to  the  air  many  points,  or  a  very  extended  surface, 
and  also  because  it  is  of  a  higher  temperature  than  the  air ;  and,  besides,  cold  dry  air  is 
continually  renewed,  and  a  source  of  warmth  is  furnished  by  the  latent  caloric  to  the 
steam  as  fast  as  it  is  evolved.  Thus  a  portion  of  the  descending  rain,  or  water,  is 
evaporated,  and  the  effect  of  this  evaporation  is  to  subtract  caloric  not  only  from  the 
water  held  in  contact  with  the  coils  of  the  worm-pipe  by  the  cloth  enveloping  it,  but  also 
from  the  hot  vapors  which  pass  through  the  worm.  This  process  of  evaporation  has, 
therefore,  a  cooling  power,  which  is  but  slight  in  the  lower  part  of  the  chimney  or  tube 
K ;  because  the  temperature  of  the  water,  or  rain,  and  of  the  worm,  at  this  part,  is  of 
a  lower  temperature ;  but  its  refrigerating  power  increases  as  it  rises  towards  the 
colander,  and  there  it  acquires  its  maximum  of  intensity,  so  that  at  any  point  between 
the  lower  aperture  of  the  cylinder  and  the  colander,  the  current  of  air  is  always  a  little 
cooler  than  the  atmosphere  of  the  region  through  which  it  passes  (that  is,  at  its  maxi- 
mum) ;  and  in  passing  this  region  of  higher  temperature,  it  is  not  only  put  in  equili- 
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brium  of  temperature,  but  also  made  to  take  up  an  additional  quantity  of  aqueous  vapors, 
which  equalizes  the  new  temperature  it  acquires  with  its  capacity  of  saturation.  The 
cooling  caused  by  the  evaporation  acts  in  an  incessant  and  progressive  manner  from  the 
lower  aperture  of  the  cylinder  to  the  under  side  of  the  colander ;  and  this  cooling  not 
only  acts  as  an  agent  of  the  evaporation  which  the  current  of  air  cools,  but  it  refrige- 
rates also,  because  it  becomes  warmed  in  abstracting  caloric  from  the  vapors  or  liquids 
passing  through  the  worm ;  and  this  refrigeration  acts  also  incessantly  and  progressively 
from  the  lower  part  of  the  tube  or  chimney  to  the  colander. 

The  patentee  states,  in  conclusion,  that  "  the  velocity  or  force  of  the  current  of  air 
that  passes  through  the  chimney  or  tube  k,  can  be  accelerated  by  artificial  means,  either 
by  conducting  the  air  and  vapor  passing  from  the  upper  aperture  of  the  cylinder  into  the 
chimney  or  flues  of  a  furnace,  or  by  means  of  a  revolving,  forcing,  or  exhausting  fan,  or 
ventilator,  or  any  other  contrivance  which  will  produce  an  increased  current  of  air,  but 
which  is  not  necessary  to  be  particularly  described,  as  I  only  wish  to  explain  the  prin- 
ciples of  a  simple  apparatus,  constructed  in  any  convenient  form  ;  and  I  would  remark, 
that  the  area  of  the  lower  aperture  through  which  the  air  is  introduced  into  the  chimney 
or  tube  k,  and  also  the  area  of  the  upper  aperture,  or  that  through  which  it  passes  to 
the  atmosphere,  should  be  in  accordance  with  the  efl'ect  intended  to  be  obtained. 

"  It  is  further  to  be  remarked,  that  in  order  to  obtain  from  this  apparatus  the  best 
effect,  the  velocity  of  the  current  of  air  must  be  itself  a  maximum ;  and  as  the  speed  or 
velocity  of  the  current  of  air  is  owing  to  and  determined  by  the  excess  of  the  tempe- 
rature of  the  descending  water,  or  rain,  and  of  the  coils  of  the  worm  to  that  of  the 
exterior  atmosphere,  it  ensues  that  the  temperature  of  the  water,  or  rain,  must  be  a 
maximum.  But  this  excess  of  temperature  is  a  maximum  only  when  the  source  of  the 
rain  is  at  the  same  temperature  as  the  vapors  to  be  condensed :  if  less  warm,  it  would 
attract  less  air;  or,  if  warmer,  it  would  augment  the  temperature  of  the  vapors  intended 
to  be  condensed.  Consequently,  the  shower  of  water  employed  in  the  tube  k,  as  the 
agent  for  cooling,  bestows  its  maximum  of  effect  when  it  is  as  warm  as  the  vapors  to  be 
condensed ;  therefore,  I  may  express  this  proposition,  viz.,  '  That  in  refrigerating  with 
water,  less  of  it  may  be  expended  when  it  is  warm  than  when  it  is  cold,  and  that  the 
least  quantity  of  water  will  be  evaporated  when  it  is  as  warm  as  the  aqueous  or 
spirituous  vapors  upon  which  it  is  to  operate.' 

"  This  proposition  may  appear  strange,  nevertheless  it  is  conformable  to  the  laws  of 
nature  ;  and  appears  only  strange,  because  until  now  warm  water  has  not  been  employed 
with  currents  of  air  for  refrigerating. 

"  Hence  it  is  necessary  to  raise  the  temperature  of  the  water  in  the  colander  to  the 
temperature  of  the  vapors  to  be  condensed :  therefore,  I  cause  the  lukewarm  water, 
pnmped  from  the  reservoir  e,  to  circulate  in  the  chamber  c.  In  this  circulation  it  also 
begins  to  act  as  a  refrigerating  medium,  taking  up  a  portion  of  heat  from  the  vapors  that 
pass  through  the  pipe  b,  and  afterwards  it  acts  as  a  further  condenser  in  the  cylinder,  in 
the  way  described.  Finally,  the  portion  of  this  water  that  is  still  in  the  fluid  state,  after 
having  fallen  down  from  coil  to  coil,  arrives  lukewarm  to  the  inclined  surface  z,  which 
conducts  it  into  the  reservoir  e,  from  whence  it  is  pumped  up  into  the  chamber  c,  as 
before  described. 

"  The  tube  or  chimney  k  may  have  more  or  less  altitude;  the  higher  it  is  the  greater 
IS  the  current  produced.  The  force  or  velocity  of  the  current  of  air  can  be  governed  by 
the  areas  of  the  introduction  and  exit  apertures.  If  the  cylinder  rises  only  to  the  height 
of  the  sieve,  the  eflect  is  much  less  than  when  it  is  prolonged  beyond  this  height.  I 
would  further  remark,  that  if  the  cylinder  was  removed,  a  slight  effect  might  be  pro- 
duced, proviiled  that  a  current  of  air  be  preserved  in  the  cylindrical  space  limited  by  the 
coils  of  the  worm,  and  also  if  the  current  was  produced  between  the  coils ;  or  a  central 
passage  might  be  formed  in  an  apparatus  of  another  shape  than  that  above  described. 

"  I  have  only  shown  the  application  of  the  worm,  because  intending  only  to  explain 
the  principles  of  this  method  of  condensing  and  refrigerating. 

"  The  small  quantity  of  water  wasted  in  this  manner  of  condensation,  (that  is,  that 
portion  passed  ofi"  to  the  atmosphere  in  the  form  of  vapors,  at  the  upper  aperture  of  the 
cylinder  k,)  may  be  replaced  by  a  small  stream  of  cold  water,  which  may  be  brought  to 
the  apparatus,  and  perhaps  most  conveniently  introduced  into  the  reservoir  e,  or  into 
the  chamber  between  the  pipes  b  and  c.  When  operating  upon  aqueous  vapors,  the 
waste  of  water  is  always  less  in  weight  than  that  of  the  vapors  liquefied.  When  this 
apparatus  is  applied  to  the  purposes  of  distillation,  the  end  of  the  worm  should  termi- 
nate in  a  vessel  m,  which  is  to  receive  the  produce  of  the  condensation.  It  will  be  seen 
that  this  improved  process  is  applicable  to  various  purposes,  where  condensation  or 
refrigeration  is  required ;  for  instance,  in  the  boiling  or  concentration  of  sugar  ;  to  con- 
densing and  refrigerating  distilled  vapors,  or  steam,  or  saline  liquids,  either  in  vacuum 
or  not ;  to  cooling  brewers'  wort? ;  and  to  the  refrigeration  of  other  liquors,  or  any  other 
processes,  when  it  may  be  required." 

I  have  inserted  the  specification  of  this  patent  verbatim.    M.  Derosne  has  busied 
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himself  during  a  long  life  with  a  prodigious  number  of  ingenious  little  contrivances  foi 
clarifying  and  boiling  sirups,  distillation,  &c.,  but  he  has  in  this  invention  taken  a  bolder 
flight,  having  secured  the  exclusive  privilege  of  condensing  vapors,  and  cooling  liquors, 
with  hot  water,  in  preference  to  cold.  No  man  at  all  versant  in  the  scientific  doctrines, 
or  the  practical  applications  of  caloric,  will  ever  seek  to  meddle  with  his  monopoly  of 
such  a  scheme.  He  may  find,  perhaps,  some  needy  coppersmith  ready  to  espouse  that  or 
any  other  equally  foolish  project,  provided  a  productive  job  can  be  made  of  it,  against 
credulous  customers. 

For  some  rational  methods  of  cooling  liquors,  and  condensing  vapors,  see  Refrigera- 
tion, Still,  and  Sugar. 

COPAL,  a  resin  which  exudes  spontaneously  from  two  trees,  the  Rhus  copallinum, 
and  the  Elceocarpus  copali/er,  the  first  of  which  grows  in  America,  and  the  second  in 
the  East  Indies.  A  third  species  of  copal  tree  grows  on  the  coasts  of  Guinea,  espe- 
cially on  the  banks  of  some  rivers,  among  whose  sands  the  resin  is  found.  It  occurs  in 
lumps  of  various  sizes  and  of  various  shades  of  color,  from  the  palest  greenish  yellow  to 
darkish  bro^vn.  I  found  its  specific  gravity  to  vary  in  different  specimens  from  i-059  to 
l'07l,  being  intermediate  in  density  between  its  two  kindred  resins,  anime  and  amber. 
Some  rate  its  specific  gravity  so  high  as  1-139,  which  I  should  think  one  of  the  errors 
with  which  chemical  compilations  teem.  Copal  is  too  hard  to  be  scratched  by  the  nail, 
whence  the  excellence  of  its  varnish.  It  has  a  conchoidal  fracture,  and  is  without  smeU 
or  taste.  When  exposed  to  heat  in  a  glass  retort  over  a  spirit  lamp,  it  readily  melts  into 
a  liquid,  which  being  further  heated  boils  with  explosive  jets.  A  viscid  oily-looking 
matter  then  distils  over.  After  continuing  the  process  for  some  time,  no  succinic  acid 
is  found  in  the  receiver,  but  the  copal  blackens  in  the  retort.  Anhydrous  alcohol  boiled 
upon  it,  causes  it  to  swell,  and  transforms  it  by  decrees  into  an  elastic  viscid  sub- 
stance. It  is  not  soluble  in  alcohol  of  0-825  at  the  boiling  point,  as  I  have  ascertained. 
Copal  dissolves  in  ether,  and  this  ethereous  solution  may  be  mixed  with  alcohol  without 
decomposition.  Caoutchoucine  acts  very  slightly  upon  it  by  my  experiments,  even  at  the 
boilin?  temperature  of  this  very  volatile  fluid ;  but  a  mixture  of  it  with  alcohol  of  0-825 
in  equal  parts  dissolves  it  very  rapidly  in  the  cold  into  a  perfectly  liquid  varnish.  Alcohol 
holding  camphor  in  solution  also  dissolves  it,  but  not  nearly  so  well  as  the  last  solvent. 
According  to  Unverdorben,  copal  may  be  completely  dissolved  by  digesting  one  part  of  it 
for  24  hours  with  one  part  and  a  half  of  alcohol  (probably  anhydrous),  because  that  por- 
tion of  copal  which  is  insoluble  in  alcohol  dissolves  in  a  very  concentrated  solution  of 
the  soluble  portion.  Oil  of  petroleum  and  turpentine  dissolve  only  1  or  2  per  cent,  of 
raw  copal.  By  particular  management,  indeed,  oil  of  turpentine  may  be  combined  with 
copal,  as  we  shall  describe  under  the  article  Varnish. 

Fused  copal  possesses  different  properties  from  the  substance  in  its  solid  state  ;  forit 
then  may  be  made  to  combine  both  with  alcohol  and  oil  of  turpentine. 

Unverdorben  has  extracted  from  the  copal  of  Africa  five  different  kinds  of  resin,  none 
of  which  has  however  been  applied  to  any  use  in  the  arts. 

The  ultimate  constituents  of  copal  by  my  analysis  are,  carbon  79*87,  hydrogen  9-00, 
oxygen  11*1;  being  of  hydrogen  7-6  in  excess  above  the  quantity  necessary  to  form 
water  with  the  oxygen.     Of  copal  and  anime,  551,166  lbs.  were  imported  in  1835. 

COPPER  is  one  of  the  metals  most  anciently  known.  It  was  named  from  the  island 
of  Cyprus,  where  it  was  extensively  mined  and  smelted  by  the  Greeks.  It  has  a  reddish 
brown  color  inclining  to  yellow;  a  faint  but  nauseous  and  rather  disagreeable  taste ;  and 
when  rubbed  between  the  fingers  it  innparts  a  smell  somewhat  analogous  to  its  taste. 
Its  specific  gravity  is  from  8-8  to  8-9.  It  is  much  more  malleable  than  it  is  ductile;  so 
that  far  finer  leaves  may  be  obtained  from  it  than  wire.  It  melts  at  the  27th  degree  of 
Wedgewood's  pyrometer,  and  at  a  higher  temperature  it  evajiorates  in  fumes  which  tinge 
the  fire  of  a  bluish  green.  By  exposure  to  heat  with  access  of  air,  it  is  rapidly  converted 
into  black  scales  of  peroxyde.  In  tenacity  it  yields  to  iron ;  but  surpasses  gold,  silver, 
and  platinum,  considerably  in  this  respect. 

In  mineralogy,  the  genus  copper  includes  about  13  different  species,  and  each  of 
these  contains  a  great  many  varieties.  These  ores  do  not  possess  any  one  general  exte- 
rior character  by  which  they  can  be  recosnised ;  but  they  are  readily  distinguished  by 
chemical  re-agents.  Water  of  ammonia  digested  upon  any  of  the  cupreous  ores  in  a 
pulverized  state,  after  they  have  been  calcined  either  alone  or  with  nitre,  assumes  an  in- 
tense blue  color,  indicative  of  copper.  The  richest  of  the  ordinary  ores  appear  under 
two  aspects ;  the  first  class  has  a  metallic  lustre,  a  copper  red,  brass  yellow,  iron  gray, 
or  blackish  gray  color,  sometimes  inclining  to  blue;  the  second  is  without  metallic  ap- 
pearance, has  a  red  color,  verging  upon  purple,  blue,  or  green,  the  last  tint  being  the 
most  usual.  Few  copper  ores  are  to  be  met  with,  indeed,  which  do  not  betray  the  pre- 
sence of  this  metal  by  more  or  less  of  a  greenish  film. 

1.  Native  copper  occurs  in  crystals,  branches,  and  filaments,  its  most  common  lo- 
cality being  in  primitive  rocks.  It  is  found  abundantly  in  Siberia,  at  the  mines  of 
Tourinski,  in  those  of  Hungary,  of  Fundo-Moldavi  in  Gallicia,  of  Fahlun  in  Sweden, 
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of  Cornwall,  &c.  The  gangues  of  native  copper  are  granite,  gneiss,  mica-slate,  clay- 
slate,  quartz,  carbonate  or  fluate  of  lime,  sulphate  of  barytes,  &c.  The  most  remarka- 
ble masses  of  native  copper  hitherto  observed  were — first,  one  in  Brazil,  14  leasues  from 
Basa,  which  weighed  2616  pounds;  and  secondly,  another  which  Dr.  Francis-le-Baron 
discovered  in  America  to  the  south  of  Lake  Superior.  It  was  nearly  15  feet  in  circum- 
ference. 

2.  Sulphurct  of  Copper,  the  vitreous  ore  of  Brochard.  The  texture  of  this  ore  is  com- 
pact ;  its  fracture,  conchoidal,  surface  sometimes  dull ;  color,  iron  black  or  lead  sjray,  often 
bluish,  iridiscent,  or  reddish  from  a  mixture  of  protoxyde.  It  is  easily  melted  even  by 
the  heat  of  a  candle ;  but  more  difficult  of  reduction  than  protoxyde.  This  ore  yields  to 
the  knife,  assuming  a  metallic  lustre  when  cut.  Its  density  varies  from  4-8  to  5*34.  Its 
composition,  according  to  Klaproth,  is  78*5  copper,  18-5  sulphur,  with  a  little  iron  and 
silica.  Its  equivalent  constitution  by  theory  is  80  copper -|- 20  sulphur  =  100;  whence 
78-5  of  metal  should  be  associated  with  19-6  of  sulphiir.  This  ore  is  therefore  one  of 
the  richest  ores,  and  forms  very  powerful  veins,  which  likewise  contain  some  orange  pro- 
toxyde. It  is  to  be  found  in  all  considerable  copper  districts  ;  in  Siberia,  Saxony,  Sweden, 
and  especially  Cornwall,  where  the  finest  crystals  occur. 

3.  Copper  Pyrites  resembles  in  its  metallic  yellow  hue,  sulphuret  of  iron  ;  but  the  latter 
is  less  pale,  harder,  and  strikes  fire  more  easily  with  steel.  It  presents  the  most  lively 
rainbow  colors.  Its  specific  gravity  is  4-3.  It  contains  generally  a  good  deal  of  iron, 
as  the  following  analysis  will  show  :  copper  30,  sulphur  37,  iron  33,  in  100  parts.  Ac- 
cording to  Hisinger,  the  Swedish  pyrites  contains  63  of  copper,  12  of  iron,  and  25  of  sul- 
phur. These  ores  occur  in  primitive  and  transition  districts  in  vast  masses  and  powerful 
veins ;  and  are  commonly  accompanied  with  gray  copper,  sulphuret  of  iron,  sparry  iron, 
sulphurets  of  lead,  and  zinc. 

4.  Gray  Copper  has  a  steel  gray  color,  more  or  less  deep,  either  shining  or  dull ;  frac- 
ture uneven  ;  a  distinct  metallic  lustre  ;  difficult  of  fusion  at  the  blowpipe  ;  it  communi- 
cates to  glass  of  borax  a  yellowish-red  color.  Its  density  in  crystals  is  4-86.  Its  compo- 
sition is  very  variable  ;  consisting  essentially  of  copper,  iron,  antimony,  and  sulphur.  The 
exploration  of  this  ore  is  profitable,  in  consequence  of  the  silver  which  it  frequently  con- 
tains. It  occurs  in  primitive  mountains  ;  and  is  often  accompanied  with  red  silver  ore, 
copper  pyrites,  and  crystallized  quartz. 

5.  Protoxyde  of  Copper,  or  red  oxyde  of  Copper :  its  color  is  a  deep  red,  sometimes 
very  lively,  especially  when  bruised.  It  is  friable,  difficult  of  fusion  at  the  blowpipe,  re- 
ducible on  burning  charcoal,  soluble  with  effervescence  in  nitric  acid,  forming  a  green 
liquid.     Its  constitution,  when  pure,  is  88-9  copper-}- H'l  oxygen  =  100. 

6.  Black  oxyde  of  Copper  is  of  a  velvet  black,  inclining  sometimes  to  brown  or  blue  ; 
and  it  acquires  the  metallic  lustre  on  being  rubbed.  It  is  infusible  at  the  blowpipe.  Its 
composition  is,  copper  80 -(-oxygen  20 ;  being  a  true  peroxyde. 

7.  Hydrosilicate  of  Copper  consists  essentially  of  oxyde  of  copper,  silica,  and  water. 
Its  color  is  green  ;  and  its  fracture  is  conchoidal  with  a  resinous  lustre,  like  most  minerals 
which  contain  water.  Its  specific  gravity  is  2'73.  It  is  infusible  at  the  blowpipe  alone, 
but  it  melts  easily  with  borax. 

8.  Dioptase  Copper,  or  Emerald  Malachite ;  a  beautiful  but  rare  cupreous  mineral,  con- 
sisting of  oxyde  of  copper,  carbonate  of  lime,  silica,  and  water  in  varying  proportions. 

9.  Carbonate  of  Copper,  Malachite,  is  of  a  blue  or  green  color.  It  occurs  often  in 
beautiful  crystals. 

10.  Sulphate  of  Copper,  Blue  Vitriol,  similar  to  the  artificial  salt  of  the  laboratorj 
The  blue  water  which  flows  from  certain  copper  mines  is  a  solution  of  this*salt.      The 
copper  is  easily  procured  in  the  metallic  state  by  plunging  pieces  of  iron  into  it. 

11.  Phosphate  of  Copper  is  of  an  emerald  green,  or  verdigris  color,  with  some  spots  of 
black.  It  presents  fibrous  or  tuberculous  masses  with  a  silky  lustre  in  the  fracture.  It 
dissolves  in  nitric  acid  without  effervescence,  forming  a  blue  liquid ;  melts  at  the  blow- 
pipe, and  is  reducible  upon  charcoal,  with  the  aid  of  a  little  grease,  into  a  metallic  globule. 
Its  powder  does  not  color  flame  green,  like  the  powder  of  muriate  of  copper. 

12.  Muriate  of  Copper  is  green  of  various  shades ;  its  powder  imparts  to  flame  a  re- 
markable blue  and  green  color.  It  dissolves  in  nitric  acid  without  effervescence ;  and  is 
easily  reduced  before  the  blowpipe.  Its  density  is  3*5.  By  Klaproth's  analysis,  it  con- 
sists of  oxyde  of  copper  73,  muriatic  acid  10,  water  17. 

13.  Arseniate  of  Copper.  It  occurs  in  beautiful  blue  crystals.  Before  the  blowpipe  it 
melts,  exhaling  fumes  of  a  garlic  odor,  and  it  affords  metallic  globules  when  in  contact 
with  charcoal.     See  more  upon  the  ores  at  the  end  of  this  article. 

In  the  article  Metallurgy,  I  have  described  the  mode  of  working  certain  coppei 
mines  ;  and  shall  content  myself  here  with  giving  a  brief  account  of  two  cupreous  forma- 
tions, interesting  in  a  geological  point  of  view  ;  that  of  the  copper  slate  of  Mansfeldt,  and 
of  the  copper  veins  of  Cornwall. 

The  ciirious  strata  of  bituminous  schist  in  the  first  of  these  localities,  are  among  the 
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most  ancient  of  any  which  contain  the  exuviae  of  organized  bodies  not  testaceous.  From 
among  their  tabular  slabs  Ihe  vast  multitudes  of  fossil  fish  were  extracted,  which  have 
rendered  the  cantons  of  Mansfeldt,  Eisleben,  Ilmenau,  and  other  places  in  Thuringia  and 
Voigtland  so  celebrated.  Many  of  the  fish  are  transformed  into  copper  pyrites.  Here, 
also,  have  been  found  the  fossil  remains  of  the  lizard  family,  called  Monitors. 

Such  is  the  influence  of  a  wise  administration  upon  the  prosperity  of  mines,  that  the 
thin  layer  of  slate  rn  this  formation,  of  which  100  pounds  commonly  contain  but  one 
pound  and  a  half  of  copper,  occasionally  argentiferous,  has  been  for  several  centuries  the 
object  of  smelting  works  of  the  greatest  importance  to  the  territory  of  Mansfeldt  and  the 
adjoining  country. 

The  frequent  derangements  which  this  metallic  deposite  experiences,  led  skilful  directors 
of  the  under-ground  operations  at  an  early  period  to  study  the  order  of  superposition  ot 
the  accompanying  rocks.  From  their  observations,  there  resulted  a  system  of  facts  which 
have  served  to  guide  miners,  not  only  in  the  country  of  Mansfeldt,  but  over  a  great  poi 
tion  of  Germany,  and  in  several  other  countries  where  the  same  series  of  rocks,  formi)\g 
the  immediate  envelope  of  the  cupreous  schists,  were  found  to  occur  in  the  same  ordei 
of  superposition. 

Of  the  English  copper  works. — The  deposites  of  copper  in  Cornwall  occur  always  m 
veins  in  granite,  or  in  the  schistose  rojks  which  surround  and  cover  it;  and  hence,  the 
Cornish  miners  work  mostly  in  the  granite  or  greenish  clay  slate;  the  former  of  which 
they  call  growan,  the  latter  killas.  But  tin  is  sometimes  disseminated  in  small  veins  in 
porphyry  or  elvan,  which  itself  forms  great  veins  in  the  above  rocks.  No  stratification 
has  been  observed  in  Cornwall. 

The  copper  veins  are  abundant  in  the  killas  and  rare  in  the  granite ;  but  most  numer- 
ous near  the  line  of  junction  of  the  two  rocks.  The  different  kinds  of  mineral  veins  in 
Cornwall  may  be  classed  as  follows  : — 

1.  Veins  of  elvan ;  elvan  courses,  or  elvan  channels. 

2.  Tin  veins,  or  tin  lodes ;  the  latter  word  being  used  by  the  Cornish  miners  to  signify 
a  vein  rich  in  ore,  and  the  word  course,  to  signify  a  barren  vein. 

3.  Copper  veins  running  east  and  west ;  east  and  west  copper  lodes. 

4.  Second  system  of  copper  veins,  or  contra  copper  lodes. 

5.  Crossing  veins  ;  cross  courses. 

6.  Modern  copper  veins  ;  more  recent  copper  lodes. 

7.  Clay  veins;  of  which  there  are  two  sets,  the  more  ancient,  called  Cross-Fluckans ; 
and  the  more  modern,  called  Slides. 

There  are  therefore  three  systems  of  copper  veins  in  Cornwall ;  of  which  the  first  is 
considered  to  be  the  most  ancient,  because  it  is  always  traversed  by  the  two  others,  and 
because,  on  the  contrary,  it  never  cuts  them  off.  The  width  of  these  veins  does  not  ex- 
ceed 6  feet,  thoush  occasional  enlargements  to  the  extent  of  12  feet  sometimes  take  place. 
Their  length  is  unknown,  but  the  one  explored  in  the  United  Mines  has  been  traced  over 
an  extent  of  seven  miles.  The  gangue  of  these  veins  is  generally  quartz,  either  pure,  or 
mixed  with  green  particles  analogous  to  chlorite.  They  contain  iron  pyrites,  blende,  sul- 
phuret,  and  several  other  compounds  of  copper,  such  as  the  carbonate,  phosphate,  arse- 
niate,  muriate,  &c.  The  most  part  of  the  copper  veins  are  accompanied  with  small  ar- 
gillaceous veins,  called  by  the  miners  fluckan  of  the  lode.  These  are  oflen  found  upon 
both  sides  of  the  vein,  so  as  to  form  cheeks  or  salcbandes. 

When  two  veins  intersect  each  other,  the  direction  of  the  one  thrown  out  becomes  an 
object  of  interest  to  the  miner  and  geologist-  In  Saxony  it  is  regarded  as  a  general  fact 
that  the  rej*ected  portion  is  always  to  the  side  of  the  obtuse  angle ;  this  also  holds  gener- 
ally in  Cornwall,  and  the  more  obtuse  the  angle  of  incidence,  the  more  considerable  the 
out-throw. 

The  great  copper  vein  of  Carharack,  in  the  parish  of  Gwenap,  is  a  most  instructive 
example  of  intersection.  The  power  of  this  vein  is  8  feet ;  it  runs  nearly  from  east  to 
west,  and  dips  toward  the  north  at  an  inclination  of  2  feet  in  a  fathom.  Its  upper  part 
is  in  the  killas,  its  lower  part  in  the  granite.  The  vein  has  suffered  two  intersections ; 
the  first  results  from  encountering  the  vein  called  Steven" s  fluckan,  wliich  runs  from  north- 
east to  south-west,  throwing  it  out  several  fathoms.  The  second  has  been  caused  by 
another  vein,  almost  at  risht  angles  to  the  first,  and  which  has  driven  it  20  fathoms  out 
to  the  right  side.  The  fall  of  the  vein  occurs,  therefore,  in  one  case  to  the  right,  and  in 
the  other  to  the  left ;  but  in  both  instances,  it  is  to  the  side  of  the  obtuse  angle.  This 
disposition  is  very  singular;  for  one  portion  of  the  vein  appears  to  have  ascended,  while 
another  has  sunk. 

The  mining  works  in  the  copper  veins  are  carried  on  by  reverse  steps;  see  Mines 
The  grand  shafts  for  drainage  and  extraction  are  vertical,  and  open  upon  the  roof  side 
of  the  vein,  traversing  it  to  a  certain  depth.  These  pits  are  sunk  to  the  lowest  point  of 
the  exploration ;  and,  in  proportion  as  the  workings  descend,  by  means  of  excavations 
in  the  vein,  the  pits  are  deepened  and  put  into  communication  toward  their  bottom  with 
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each  new  gallery  of  elongation,  by  means  of  transverse  galleries.  At  present,  the  main 
shafts  are  fully  160  fathoms  deep.  Their  horizontal  section  is  oblong,  and  is  divided  into 
two  compartments;  the  one  destined  for  extraction,  the  other  for  the  pumps.  Their  tim- 
bering has  nothing  remarkable,  but  is  executed  with  every  attention  to  economy,  the 
whole  wood  employed  in  these  mines  being  brought  from  Norway. 

The  descent  of  the  workmen  is  effected  by  inclined  shafts  scooped  out  of  the  vein ;  the 
ladders  are  slightly  inclined;  they  are  interrupted  every  10  fathoms  by  floors;  the  steps 
are  made  of  iron,  and,  to  prevent  them  from  turning  under  the  foot,  the  form  of  a  miner's 
punch  or  jumper  has  been  given  them,  the  one  end  being  round,  and  the  other  being 
wedge-shaped. 

The  ore  is  raised  either  by  means  of  horse-gins,  or  by  steam-engine  power,  most  fre- 
quently of  hish  pressure.     I  shall  take  the  Consolidated  Mines  as  an  example. 

The  draining,  which  is  one  of  the  most  considerable  sources  of  expense,  both  from  the 
quantity  of  water,  and  from  the  depth  of  the  miae,  is  executed  by  means  of  sucking  and 
forcing  pumps,  the  whole  piston-rods  of  which,  120  feet  long,  are  attached  to  a  main-rod 
suspended  at  the  extremity  of  the  working  beam  of  a  steam-engine. 

On  this  mine  three  steam-engines  are  erected  of  very  great  power,  for  the  purpose  of 
drainage ;  the  one  called  the  Maria  engine  is  of  the  first-rate  force,  and  most  improved 
construction.  The  cylinder  is  90  inches  in  internal  diameter,  and  the  length  of  the 
stroke  is  9  feet  11  inches.  It  works  single  stroke,  and  is  incased  in  a  coating  of  bricks 
to  prevent  dissipation  of  the  heat.  The  vapor  is  admitted  at  the  upper  end  of  the 
cylinder  during  the  commencement  of  the  fall  of  the  piston,  at  a  pressure  fcapable  of 
forming  an  equilibrium  with  a  column  of  60  inches  of  mercury.  The  introduction  of 
the  steam  ceases  whenever  the  piston  has  descended  through  a  certain  space,  which  may 
be  increased  or  diminished  at  pleasure.  During  the  remainder  of  the  descent  the  piston 
is  pressed  merely  by  this  vapor  in  its  progressive  expansion,  while  the  under  side  of 
the  piston  communicates  with  the  condenser.  It  ascends  by  the  counterweight  at  the 
pump  end  of  the  working  beam.  Hence,  it  is  only  during  the  descent  of  the  piston  that 
the  effective  stroke  is  exerted.  Frequently  the  steam  is  admitted  only  during  the  sixth 
part  of  the  course  of  the  piston,  or  18  inches.  In  this  way  the  power  of  the  engine  is 
proportioned  to  the  work  to  be  done ;  that  is,  to  the  body  of  water  to  be  raised.  The 
maximum  force  of  the  above  engine  is  about  310  horses;  though  it  is  often  made  to  act 
with  only  one  third  of  this  power. 

The  copper  mines  of  the  Isle  of  Anglesey,  those  of  North  Wales,  of  Westmoreland, 
the  adjacent  parts  of  Lancashire  and  Cumberland,  of  the  south  west  of  Scotland,  of  the 
Isle  of  Man,  and  of  the  south  east  of  Ireland,  occur  also  in  primitive  or  transition  rocks. 
The  ores  lie  sometimes  in  masses,  but  more  frequently  in  veins.  The  mine  of  Ecton  in 
Staffordshire,  and  that  of  Cross-gill  burn,  near  Alston-moor  in  Cumberland,  occur  in 
transition  or  metalliferous  limestone. 

The  copper  ores  extracted  both  from  the  granitic  and  schistose  localities,  as  well  as 
from  the  calcareous,  are  uniformly  copper  pyrites  more  or  less  mixed  with  iron  pyrites ; 
the  red  oxyde,  carbonate,  arseniate,  phosphate,  and  muriate  of  copper,  are  very  rare  in 
these  districts. 

The  working  of  copper  in  the  Isle  of  Anglesey  may  be  traced  to  a  very  remote  era.  It 
appears  that  the  Romans  were  acquainted  with  the  Hamlet  mine  near  Holyhead  ;  but  it 
was  worked  with  little  activity  till  about  70  years  ago.  This  metallifeious  deposite  lies 
in  a  greenish  clay  slate,  passing  into  talc  slate ;  a  rock  associated  with  serpentine  and 
euphotide  (gabbro  of  Von  Buch).  The  veins  of  copper  are  from  one  to  two  yards  thick, 
and  they  converge  towards  a  point  where  their  union  forms  a  considerable  mass  of 
ore.  On  this  mass  the  mine  was  first  pierced  by  an  open  excavation,  which  is  now 
upwards  of  300  feet  deep,  and  appears  from  above  like  a  vast  funnel.  Galleries  are 
formed  at  different  levels  upon  the  flank  of  the  excavation  to  follow  the  several  small 
veins,  which  run  in  all  directions,  and  diverge  from  a  common  centre  like  so  many  radii. 
The  ore  receives  in  these  galleries  a  kind  of  sorting,  and  is  raised  by  means  of  hand 
windlasses  to  the  summit  of  a  hill,  where  it  is  cleaned  by  breaking  and  riddling. 

The  water  is  so  scanty  in  this  mine  that  it  is  pumped  up  by  a  six-horse  steam-engine. 
A  great  proportion  of  it  is  charged  with  sulphate  of  copper.  It  is  conveyed  into  reser- 
voirs containing  pieces  of  old  iron ;  the  sulphate  is  thus  decomposed  into  copper  of  ce- 
mentation. The  Anglesea  ore  is  poor,  yielding  only  from  2  to  3  per  cent,  of  copper  :  a 
portion  of  its  sulphur  is  collected  in  roasting  the  ore. 

Mechanical  preparation  of  the  copper  ores  in  Cornwall. — The  ore  receives  a  first  sort- 
ing, either  within  the  mine  itself,  or  at  its  mouth,  the  object  of  which  is  to  separate  all 
the  pieces  larger  than  a  walnut.  These  are  then  reduced  by  the  hammer  to  a  smaller 
size ;  after  which  the  whole  are  sorted  into  four  lots,  according  to  their  relative  richness. 
The  fragments  if  poor  ore  are  pounded  in  the  stamps  so  that  the  metallic  portion  may  be 
separated  by  washing. 

The  rich  ore  is  broken  into  small  bits,  of  the  size  of  a  nut,  with  a  flat  beater,  formed 
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of  a  piece  of  iron  6  inches  square  and  1  inch  thick,  adapted  to  a  wooden  handle.  The 
ore  to  be  broken  is  placed  upon  plates  of  cast-iron ;  each  about  16  inches  square  and  1| 
inch  thick.  These  iron  plates  are  set  towards  the  edge  of  a  small  mound  about  a  yard 
high,  constructed  with  dry  stones  rammed  with  earth.  The  upper  surface  of  this 
mound  is  a  little  inclined  from  behind  forwards.  The  work  is  performed  by  women, 
each  furnished  with  a  beater ;  the  ore  is  placed  in  front  of  them  beyond  the  plates ;  they 
break  it,  and  strew  it  at  their  feet,  whence  it  is  lifted  and  disposed  of  to  the  smelting- 
houses. 

Inferior  ores,  containing  a  notable  proportion  of  stony  matters,  are  also  broken  with 
the  beater,  and  the  rich  parts  are  separated  by  riddling  and  washing  from  the  useless 
matters. 

The  smaller  ore  is  washed  on  a  sieve  by  shaking  it  in  a  stream  of  water,  which  carries 
away  the  lighter  stony  pieces,  and  leaves  the  denser  metalliferous.  They  are  then 
sorted  by  hand.  Thus  by  beating,  stamping,  and  riddling  in  water,  the  stony  substances 
are  in  a  great  measure  separated.  The  finer  ground  matter  is  washed  on  a  plane  table, 
over  which  a  current  of  water  is  made  to  flow.  Finally,  the  ore  nearly  fine  is  put  into 
a  large  tub  with  water,  and  briskly  stirred  about  with  a  shovel,  after  which  it  settles  in 
the  order  of  richness,  the  pure  metallic  ore  being  nearest  the  bottom.  The  stamps  used 
for  copper  ore  in  Cornwall  are  the  same  as  those  used  for  tin  ores,  of  which  we  shall 
speak  in  treating  of  the  latter  metal,  as  well  as  of  the  boxes  for  washing  the  fine  powder 
or  slime.  These,  in  fact,  do  not  difl'er  essentially  from  the  stamping  mills  and  washing 
apparatus  described  in  the  article  Metallurgy.  Crushing  rolls  are  of  late  years  much 
employed.     See  Lead  and  Tin. 

Cornwall  being  destitute  of  coal,  the  whole  copper  ore  which  this  county  produces 
is  sent  for  smelting  to  South  Wales.  Here  are  15  copper  works  upon  the  Swansea  and 
Neath,  which  pursue  a  nearly  uniform  and  much  improved  process,  consisting  in  a  series 
of  calcinations,  fusions,  and  roaslings,  executed  upon  the  ores  and  the  matters  resulting 
from  them. 

The  furnaces  are  of  the  reverberatory  construction;  they  vary  in  their  dimensions  and 
in  the  number  of  their  openings,  according  to  the  operations  for  which  they  were  in- 
tended. There  are  5  of  them  : — 1.  The  calcining  furnace  or  calciner;  2.  The  melting 
furnace;  3.  The  roasting  furnace  or  roaster;  4.  The  refining  furnace;  5.  The  heating 
or  igniting  furnace. 

1.  The  calcining  furnace  rests  upon  a  vault,  c,  into  which  the  ore  is  raked  down  after 
being  calcined;  it  is  built  of  bricks, and  bound  with  iron  bars,  as  shown  in  the  elevation, 
fig.  296.  The  hearth,  b  'B,figs.  296  and  298,  is  placed  upon  a  level  with  the  lower  horizon- 
tal binding  bar,  and  has  nearly  the  form  of  an  ellipse,  truncated  at  the  two  extremities  of 
its  great  axis.  It  is  horizontal,  bedded  with  fire-bricks  set  on  edge,  so  that  it  may  be  re- 
moved and  repaired  without  dist\irbing  the  arch  upon  which  it  reposes.     Holes,  not  visible 


in  the  figure,  are  left  in  the  shelves  before  each  door,  c  c,  through  which  the  roasted  ore 
is  let  fall  into  the  subjacent  vault.  The  dimensions  of  the  hearth  b  b  are  immense,  being 
from  17  to  19  feet  in  length,  and  from  14  to  16  in  breadth.  The  fire-place,  a.,  fig.  298,  is 
from  4^  to  5  feet  long,  and  3  feet  wide.  The  bridge  or  low  wall,  b,fig.  302,  which  sepa- 
rates the  fire-place  from  the  hearth,  is  2  feet  thick ;  and  in  Mr.  Vivian's  smelting- works 
is  hollow,  as  shown  in  the  figure,  and  communicates  at  its  two  ends  with  the  atmosphere, 
in  order  to  conduct  a  supply  of  fresh  air  to  the  hearth  of  the  furnace.  This  judicious 
contrivance  will  be  described  in  explaining  the  roasting  operation.  The  arched  roof  of 
the  furnace  slopes  down  from  the  bridge  to  the  beginning  of  the  chimney,  f,figs.  297, 
298,  its  height  above  the  hearth  being  at  the  first  point  about  26  inches,  and  from  8  to  12 
at  the  second. 

Such  great  calcining  furnaces  have  4  or  5  doors,  c  c  c  c,  fig,  298,  one  for  the  fire-place, 
as  shown  at  the  right  hand  in  fig.  297,  and  3  or  4  others  for  working  the  ore  upon  the 
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leverberatory  hearth.  If  there  he  3,  2  of  them  are  placed  between  the  vertical  binding 
bars  upon  one  side,  and  a  third  upon  the  opposite  side  of  the  furnace ;  if  there  be  4,  2 
are  placed  upon  each  side,  facing  one  another.  These  openings  are  12  inches  square, 
and  are  bound  with  iron  frames.  The  chimney  is  about  22  feet  high,  and  is  placed  at 
one  angle  of  the  hearth,  as  aXf,fig.  298,  being  joined  by  an  inclined  flue  to  the  furnace. 
For  charging  it  with  ore  there  are  usually  placed  above  the  upper  part  of  the  vault  2 
hoppers,  e  e,  in  a  line  with  the  doors ;  they  are  formed  of  4  plates  of  iron,  supported  in 
an  iron  frame.  Beneath  each  of  them  there  is  an  orifice  for  letting  the  ore  down  into  the 
hearth. 

These  furnaces  serve  for  calcining  the  ore,  and  the  matts  or  crude  coppers  :  for  the  latter 
purpose,  indeed,  furnaces  of  two  stories  are  sometimes  employed,  as  represented  in  fig.  301. 
The  dimensions  of  each  floor  in  this  case  are  a  little  less  than  the  preceding.  Two  doors, 
c  c,  correspond  to  each  hearth,  and  the  workmen,  while  employed  at  the  upper  story,  stand 
upon  a  raised  moveable  platform. 

2.  Melting  furnace,  figs.  299  and  300.  The  form  of  the 
hearth  is  also  elliptical,  but  the  dimensions  are  smaller  than 
in  the  calcining  furnace.  The  length  does  not  exceed  11  or  11| 
feet,  and  the  breadth  varies  from  7  to  8.  The  fire-place  is 
however  larger  in  proportion,  its  length  being  from  3^  feet 
to  4,  and  its  breadth  from  3  to  3^ ;  this  size  being  requisite 
to  produce  the  higher  temperature  of  this  furnace.  It  has 
fewer  openings,  there  being  commonly  three ;  one  to  the 
fire-place  at  d,  a  second  one,  o,  in  the  side,  kept  generally 
shut,  and  used  only  when  incrustations  need  to  be  scraped 
oft'  the  hearth,  or  when  the  furnace  is  to  be  entered  for 
repairs;  and  the  third  or  working-door,  g,  placed  on  the 
front  of  the  furnace  beneath  the  chimney.  Through  it  the 
scoriae  are  raked  out,  and  the  melted  matters  are  stirred  and 
puddled,  &c. 

The  hearth  is  bedded  wiih  infusible  sand,  and  slopes 
slightly  towards  the  side  door,  to  facilitate  the  discharge  of 
the  metal.  Above  this  door  there  is  a  hole  in  the  wall  of  the 
chimney  (fig.  300)  for  letting  the  metal  escape.  An  iron  guttei",  o,  leads  it  into  a  pit,  k, 
bottomed  with  an  iron  receiving-pot,  which  may  be  lifted  out  by  a  crane.  The  pit  m  is 
filled  with  water,  and  the  metal  becomes  granulated  as  it  falls  into  the  receiver.  The 
melting  furnaces  are  surmounted  by  a  hopper,  l,  as  shown  in_^g.  299. 

Melting  furnaces  are  sometimes  used  also  for  calcination. 
There  are  some  such  near  Swansea,  which  serve  this  double 
purpose;  they  are  composed  of  3  floors  (fig. 301.)  The  floor 
A  is  destined  for  melting  the  calcined  ore ;  the  other  two, 
B  c,  serve  for  calcination.  The  heat  being  less  powerful, 
upon  the  upper  sole  c,  the  ore  gets  dried  upon  it,  and  begins 
to  be  calcined  —  a  process  completed  on  the  next  floor. 
Square  holes,  d,  left  in  the  hearths  b  and  c,  put  them  in 
communication  with  each  other,  and  with  the.  lower  one  A  ; 
these  perforations  are  shut  during  the  operation  by  a  sheet 
of  iron,  removeable  at  pleasure. 

The  hearths  b  and  c  are  made  of  bricks;  they  are  horizonal  at  top  and  slightly  vaulted 
beneath  ;  they  are  2  bi  icks  thick,  and  their  dimensions  are  larger  than  those  of  the  infe- 
rior hearths,  as  they  extend  above  the  fire-place.  On  the  floors  destined  for  calcination 
the  furnace  has  two  doors  on  one  of  its  sides  :  on  the  lower  story  there  are  also  two ;  but 
they  are  diflferenlly  collocated.  The  first,  being  in  the  front  of  the  furnace,  serves  for 
drawing  off  the  scoriae,  for  working  the  melal,  &c. ;  and  the  second,  upon  the  side,  admits 
workmen  to  make  necessary  repairs.  Below  this  door  the  discharge  or  tap-hole  a  is 
placed,  which  communicates  by  a  cast-iron  gutter  with  a  pit  filled  with  water.  The 
dimensions  of  this  furnace  in  length  and  breadth  are  nearly  the  same  as  those  of  the 
melting  furnace  above  described;  the  total  height  is  nearly  12  feet.  It  is  charged  by 
means  of  one  or  two  hoppers. 

3.  Roasting  furnace.  — The  furnaces  employed  for  this  purpose  are  in  general  analo- 
gous to  the  calcining  ones ;  but  in  the  smelting  works  of  Hafod,  the  property  of  Messrs. 
Vivian,  these  furnaces,  alluded  to  above,  present  a  peculiar  construction,  for  the  purpose 
of  introducins:  a  continuous  current  of  air  upon  the  metal,  in  order  to  facilitate  its  oxy- 
dizement.  This  process  was  originally  invented  by  Mr.  Sheffield,  who  disposed  of  his 
patent  right  to  Messrs.  Vivian. 

The  air  is  admitted  by  a  channel,  cc,  through  the  middle  of  the  fire-bridge,  y?g.  302,  and 
extending  all  its  length;  it  communicates  with  the  atmosphere  at  its  two  ends  cc; 
square  holes,  b  b,  left  at  right  angles  to  this  channel,  conduct  the  air  into  the  fur- 
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nace.  This  very  simple  construction  produces  a  powerful  effect  in  the  roasting  opera- 
lion.  It  not  only  promotes  the  oxydizement  of  the  metals,  but  burns  the  smoke,  and  as- 
sists in  the  vaporization  of  the  sulphur  ;  while  by  keeping  the  bridge  cool  it  preserves  it 
from  wasting,  and  secures  uniformity  of  temperature  to  the  hearth. 

4.  Beftning  furnace.  —  In  this,  as  in  the  melting  furnace,  the  sole  slopes  towards 
the  door  in  front,  instead  of  towards  the  side  doors,  because  in  the  refining  furnace  the 
copper  collects  into  a  cavity  formed  in  the  hearth  towards  the  front  door,  from  which  it 
is  lifted  out  by  ladles ;  whereas,  in  the  melting  furnaces,  the  metal  is  run  out  by  a  tap- 
hole  in  the  side.  The  hearth  sole  is  laid  with  sand  ;  but  the  roof  is  higher  than  in  the 
melting  furnace,  being  from  32  to  36  inches.  If  the  top  arch  were  too  much  depressed, 
there  might  be  produced  upon  the  surface  of  the  metal  a  layer  of  oxyde  very  prejudicial 
to  the  quality  of  the  copper.  When  the  metal  in  that  case  is  run  out,  its  surface  so- 
lidifies and  cracks,  while  the  melted  copper  beneath  breaks  through  and  spreads  irregu- 
larly over  the  cake.  This  accident,  called  the  rising  of  the  copper,  hinders  it  from  being 
laminated,  and  requires  it  to  be  exposed  to  a  fiesh  refining  process,  when  lead  must  be 
added  to  dissolve  the  oxyde  of  copper.  This  is  the  only  occasion  upon  which  the  addi- 
tion of  lead  is  proper  in  refining  copper.  When  the  metal  to  be  refined  is  mixed  with 
others,  particularly  with  tin,  as  in  extracting  copper  from  old  bells,  then  very  wide  fur- 
naces must  be  employed,  to  expose  the  metallic  bath  upon  a  great  surface,  and  in  a  thin 
stratum,  to  the  oxydizing  action  of  the  air. 

The  door  g,  fig.  300,  upon  the  side  of  the  refining  furnace,  is  very  large,  and  is  shut 
with  a  framed  brick  door,  balanced  by  a  counter-weight.  This  door  being  open  during 
the  refining  process,  the  heat  is  stronger  at  b  than  at  a,  (figs.  299,  300.) 

5.  Heating  ftirnaces,  being  destined  to  heat  tlie  pigs  or  bars  of  copper  to  be  laminated, 
as  well  as  the  copper  sheets  themselves,  are  made  much  longer  in  proportion  to  their 
breadth.  Their  hearth  is  horizontal,  the  vault  not  much  depressed  ;  they  have  only  one 
door,  placed  upon  the  side,  but  which  extends  nearly  the  whole  length  of  the  furnace ; 
this  door  may  be  raised  by  means  of  a  counter-weight,  in  the  same  way  as  in  the  furnaces 
for  the  fabrication  of  sheet-iron  and  brass. 

Series  of  operations  to  which  the  ore  is  subjected.  — The  ores  which  are  smelted  in  the 
Swansea  works  are  cupreous  pjrites,  more  or  less  mingled  with  gangue  (vein-stone).  The 
pyrites  is  composed  of  nearly  equal  proportions  of  sulphuret  of  copper  and  sulphuret  of 
iron. 

The  earthy  matters  which  accompany  the  pyrites  are  usually  silicious,  though  in  some 
mines  the  metalliferous  deposite  is  mixed  with  clay  or  fluate  of  lime.  Along  with  these 
substances,  pretty  uniformly  distributed,  tin  and  arsenical  pyrites  occur  occasionally 
with  the  copper ;  and  though  these  two  metals  are  not  chemically  combined,  yet  they 
cannot  be  separated  entirely  in  the  mechanical  preparations.  The  constituent  parts  of 
the  ore  prepared  for  smelting  are,  therefore,  copper,  iron,  sulphur,  with  tin,  arsenic, 
and  earthy  matters  in  some  cases.  The  different  ores  are  mixed  in  such  proportions 
that  the  average  metallic  contents  may  amount  to  8|  per  cent.  The  smelting  process 
consists  in  alternate  roastings  and  fusions.  The  following  description  of  it  is  cliiefly 
taken  from  an  excellent  paper,  published  by  John  Vivian,  Esq.,  in  the  Annals  of  Philo- 
sophy for  1823.  N 

In  the  roasting  operation  the  volatile  substances  are  disengaged  mostly  in  the  gaseous 
state,  while  the  metals  that  possess  a  strong  aflinity  for  oxygen  become  oxydized.  In 
the  fusion  the  earthy  substances  combine  with  these  oxydes,  and  form  glassy  scoriae  or 
slags  which  float  upon  the  surface  of  the  melted  metal. 

These  calcinations  and  fusions  take  place  in  the  following  order  :  — 

1.  Calcination  of  the  ore.  2.  Melting  of  the  calcined  ore.  3.  Calcination  of  the 
coarse  metal.  4.  Melting  of  the  calcined  coarse  metal.  5.  Calcination  of  the  fine 
metal  (second  matt).  6.  Melting  of  the  calcined  fine  metal.  7.  Roasting  of  the 
coarse  copper.  In  some  smelting  works,  this  roasting  is  repeated  four  times;  in 
which  case  a  calcination  and  a  melting  are  omitted.  In  the  Havod  works,  however, 
the  same  saving  is  made  without  increasing  the  number  of  roastings.  8.  Refining  or 
toughening  the  copper. 

Besides  these  operations,  which  constitute  the  treatment  of  copper  properly  speaking, 
two  others  are  sometimes  performed,  in  which  only  the  scoriae  are  melted.  These  may 
be  designated  by  the  letters  a  and  h.  a  is  the  re-melting  of  the  portion  of  the  scoriee 
of  the  second  process,  which  contain  some  metallic  granulations.  6  is  a  particular  melt- 
ing of  the  scoriae  of  the  fourth  operation.  This  fusion  is  intended  to  concentrate  the 
particles  of  copper  in  the  scoriae,  and  is  not  practised  in  all  smelting  works. 

First  operation.  Calcination  of  the  ore. —  The  different  cjes,  on  arriving  from  Corn- 
wall and  other  distiicts  where  they  are  mined,  are  discharged  in  continuous  cargoes  at 
the  smelting  works,  in  such  a  way,  that  by  taking  out  a  portion  from  several  heaps  at 
a  time,  a  tolerably  uniform  mixture  of  ores  is  obtained ;  which  is  very  essential  in 
a  foundry,  because,   the  ores  being  different   in  qualities  and   contents,  they  act  as 
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fluxes  upon  each  clher.  The  ore  thus  mixed  is  tiansported  to  the  worlis  in  wooden 
measures  that  hold  a  hundred-weight.  The  workmen  intrusted  with  the  calcination 
convey  the  ore  into  ihe  hoppers  of  the  calcining  furnace,  wlience  it  falls  into  the  hearth; 
other  workmen  spread  it  uniformly  on  the  surface  by  iron  rakes.  The  charge  of  a  fur- 
nace is  from  three  tons  to  three  tons  and  a  half.  Fire  is  applied  and  gradually  increased, 
till,  towards  the  end  of  the  operation,  the  temperature  be  as  high  as  the  ore  can  support 
without  melting  or  agglutinating.  To  prevent  this  running  together,  and  to  aid  the  ex- 
trication of  the  sulphur,  the  surfaces  are  renewed,  by  stirring  up  the  ore  at  the  end  of 
every  hour.  The  calcination  is  usually  completed  at  the  end  of  12  hours,  when  the  ore 
is  tumbled  into  the  arch  under  the  sole  of  the  furnace.  Whenever  the  ore  is  cold  enough 
to  be  moved,  it  is  taken  out  of  the  arch,  and  conveyed  to  the  calcined  heap. 

The  ore  in  this  process  hardly  changes  weight,  having  gained  in  oxydizement  nearly 
as  much  as  it  has  lost  in  sulphur  and  arsenic;  and  if  the  roasting  has  been  rightly  man- 
aged, the  ore  is  in  a  black  powder,  owing  to  the  oxyde  of  iron  present. 

Second  operation.  Fusioji  of  the  calcined  ore. — The  calcined  ore  is  likewise  given  to 
the  melters  in  measures  containing  a  hundred  weight.  They  toss  it  into  hoppers,  and 
after  it  has  fallen  on  the  hearth,  they  spread  it  uniformly.  They  then  let  down  the 
door,  and  lute  it  tightly.  In  this  fusion  there  are  added  about  2  cwt.  of  scorige  pro- 
ceeding from  the  melting  of  the  calcined  matt,  to  be  afterwards  described.  The  object 
of  this  addition  is  not  only  to  extract  the  copper  that  these  scoriae  may  contain,  but 
especially  to  increase  the  fusibility  of  the  mixture.  Sometimes  also,  when  the  composi- 
tion of  the  ore  requires  it,  lime,  sand,  or  fluor  spar  is  added ;  and  particularly  the  last 
fluxmg  article. 

The  furnace  being  charged,  fire  is  applied,  and  the  sole  care  of  the  founder  is  to  keep 
up  the  heat  'so  as  to  have  a  perfect  fusion ;  the  workman  then  opens  the  door,  and 
stirs  about  the  liquid  mass  to  complete  the  separation  of  the  metal  (or  rather  of  the 
matt)  from  the  scoiise,  as  well  as  to  hinder  the  melted  matter  from  sticking  to  the  sole. 
The  furnace  being  ready,  that  is,  the  fusion  being  perfect,  the  founder  takes  out  the 
ScoriiE  by  the  front  door,  by  means  of  a  rake.  When  the  matt  is  thus  freed  from  the 
scoria?,  a  second  charge  of  calcined  oie  is  then  introduced  to  increase  the  metallic  bath  ; 
which  second  fusion  is  executed  like  the  first.  In  this  way,  new  charges  of  roasted  ore 
are  put  in  till  the  matt  collected  on  the  hearth  rises  to  a  level  with  the  door-way,  which 
happens  commonly  after  the  third  charge.  The  tap  hole  is  now  opened ;  the  matt 
flows  out  into  the  pit  filled  with  water,  where  it  is  granulated  during  its  immersion; 
and  it  collects  in  the  pan  placed  at  the  bottom.  The  granulated  matt  is  next  con- 
veyed into  the  matt  warehouse.  The  oxydation  with  which  the  grains  get  covered  by 
the  action  of  the  water  does  not  allow  the  proper  color  of  the  matt  or  coarse  metal  to 
be  distinguished;  but  in  the  bits  which  stick  in  the  gutter,  it  is  seen  to  be  of  a  steel 
gray.  Its  fracture  is  compact,  and  its  lustre  metallic.  The  scorise  often  contain 
metallic  grains;  they  are  broken  and  picked  with  care.  All  the  portions  which  include 
some  metallic  particles  are  re-melted  in  an  accessory  process.  The  rejected  scoria2 
have  been  found  to  be  composed  of  silicious  matter  59,  oxyde  of  copper  1,  oxyde  of 
tin  0-7. 

In  this  operation,  the  copper  is  concentrated  by  the  separation  of  a  great  part  of  the 
matters  with  which  it  was  mixed  or  combined.  The  granulated  malt  produced,  contains 
in  general  33  per  cent,  of  copper;  it  is  therefore  four  times  richer  than  the  ore;  and  its 
mass  is  consequently  diminished  in  that  proportion.  The  constituent  parts  are  princi- 
pally copper,  iron,  and  sulphur. 

The  most  important  point  to  hit  in  the  fusion  just  described,  is  to  make  a  fusible  mix- 
ture of  the  earths  and  the  oxydes,  so  that  the  matt  of  copper  may,  in  virtue  of  its  greater 
specific  gravity,  fall  to  the  under-part,  and  sejiarate  exactly  from  the  slag.  This  point  is 
attained  by  means  of  the  metallic  oxydes  contained  in  the  scorifE  of  the  fourth  operation, 
of  which  2  cwt.  were  added  to  the  charge.  These  consist  almost  entirely  of  black  oxyde 
of  iron.  When  the  ores  are  very  difficult  to  melt,  a  measure  of  about  half  a  hundred- 
weight of  fluor  spar  is  added ;  but  this  must  be  done  with  precaution,  for  fear  of  in- 
creasing the  scorise  too  much. 

The  business  goes  on  day  and  night.  Five  charges  are  commonly  put  through  hands  in 
the  course  of  24  hours ;  but  when  all  circumstances  are  favorable — that  is  to  say,  when 
the  ore  is  fusible,  when  the  fuel  is  of  the  first  quality,  and  when  the  furnace  is  in  good 
condition,  even  six  charges  a  day  have  been  despatched. 

The  charge  is  a  ton  and  a  half  of  calcined  ore,  so  that  a  melting  furnace  corresponds 
nearly  to  a  calcining  furnace ;  the  latter  turning  out  nearly  7  tons  of  calcined  ore  in  24 
hours. 

The  workmen  are  paid  by  the  ton. 

Third  operation.  Calcination  of  the  coarse  metal,  or  ihe  malt. — The  object  of  this 
operation  is  principally  to  oxydize  the  iron,  an  oxydation  easier  to  execute  than  in  the  first 
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ealcinins,  because  the  metal   is  now  disengaged  from  the  earthy  substances,  which 
screened  it  from  the  action  of  the  air. 

This  calcination  is  executed  in  the  furnace  already  represented,  ^gs.  296,  297,  298, 
page  324,  exactly  in  the  same  way  as  the  ore  was  calcined.  The  metal  must  be  perpetu- 
ally stirred  about,  to  expose  all  its  surfaces  to  the  action  of  the  hot  air,  and  to  hinder  the 
clotting  together.  The  operation  lasts  24  hours;  during  the  first  six,  the  fire  should  be 
very  moderate,  and  thereafter  gradually  increased  to  the  end  of  the  calcination.  The 
charge  is,  like  that  of  the  first,  3  tons  and  a  half. 

Fourth  operation.  Melting  of  the  calcined  coarse  metal,  or  calcined  mate. — In  the 
fusion  of  this  first  calcined  matt,  some  scoriae  of  the  latter  operations  must  be  added,  which 
are  very  rich  in  oxyde  of  copper,  and  some  crusts  from  the  hearth,  which  are  likewise 
impregnated  with  it.  The  proportion  of  these  substances  varies  according  to  the  quality 
of  the  calcined  matt. 

In  this  second  fusion,  the  oxyde  of  copper  contained  in  the  scoriae  is  reduced  by  the 
affinity  of  the  sulphur,  one  portion  of  which  passes  to  the  state  of  acid,  while  the  other 
forms  a  subsulphuret  with  the  copper  become  free.  The  matt  commonly  contains  a  suf- 
ficient quantity  of  sulphur  to  reduce  the  oxyde  of  copper  completely;  but  if  not,  which 
may  happen  if  the  calcination  of  the  matt  has  been  pushed  too  far,  a  small  quantity  of 
uncalcined  matt  must  be  introduced,  which,  by  furnishing  sulphur,  diminishes  the  rich- 
ness of  the  scoriae,  and  facilitates  the  fusion. 

The  scoriae  are  taken  out  by  the  front  door,  by  drawing  them  forward  with  a  rake. 
They  have  a  great  specific  gravity;  are  brilliant  with  metallic  lustre,  very  crystalline, 
and  present,  in  the  cavities,  crystals  like  those  of  pyroxene ;  they  break  easily  into  very 
sharp-edged  fragments.  They  contain  no  granulated  metal  in  the  interior ;  but  it  some 
times  occurs,  on  account  of  the  small  thicknesses  of  the  stratum  of  scoriae,  that  these  car 
ry  off  with  them,  when  they  are  withdrawn,  some  metallic  particles. 

These  scoriae,  as  we  have  already  stated,  under  the  fusion  of  the  roasted  ore,  are  in 
general  melted  with  it.     In  some  cases,  however,  a  special  melting  is  assigned  to  them. 

The  matt  obtained  in  this  second  fusion  is  either  run  out  into  water  like  the  first,  or 
moulded  into  pigs  (ingots),  according  to  the  mode  of  treatment  which  it  is  to  undergo. 
This  matt,  called  by  the  smelters  yJjie  rnelal  when  it  is  granulated,  and  blue  metal  when  it 
is  in  piirs,  is  of  a  light  gray  color,  compact,  and  bluish  at  the  surface.  It  is  collected 
in  the  first  form  when  it  is  to  be  calcined  anew ;  and  in  the  second,  when  it  must 
immediately  undergo  the  operation  o(  roasting.  Its  contents  in  copper  are  60  per  cent. 
This  operation,  which  is  sometimes  had  recourse  to,  lasts  5  or  6  hours.  The  charge  is  1 
ton. 

(6)  Particular  fusion  of  the  scorice  of  the  fourth  operation. — In  re-melting  these  scoriae, 
the  object  is  to  procure  the  copper  which  they  contain.  To  effect  this  fusion,  the  scorias 
are  mixed  with  pulverized  coal,  or  other  carbonaceous  matters.  The  copper  and  several 
other  metals  are  deoxydized,  and  furnish  a  white  and  brittle  alloy.  The  scoriae  resulting 
from  this  melting  are  in  part  employed  in  the  first  melting,  and  in  part  thrown  away. 
They  arc  crystalline,  and  present  crystals  often  in  the  cavities,  which  appear  to  belong 
to  bisilicate  of  iron.  They  have  a  metallic  lustre,  and  break  into  very  sharp-edged 
fragments.  The  white  metal  is  melted  again,  and  then  united  to  the  product  of  the 
second  fusion. 

Fifth  operation.  Calcination  of  the  second  matt,  or  fine  metal  of  the  smeller. — This  is 
executed  in  precisely  the  same  way  as  that  of  the  first  matt.  It  lasts  24  hours;  and  the 
charge  is  usually  3  tons. 

Sixth  operation.  Melting  of  the  calcined  fine  metal. — This  fusion  is  conducted  like 
that  of  the  first  matt.  The  black  copper,  or  coarse  copper,  which  it  produces,  contains 
from  70  to  80  per  cent,  of  pure  metal ;  it  is  run  into  ingots,  in  order  to  undergo  the 
operation  of  roasting. 

The  scoriae  are  rich  in  copper;  they  are  added  to  the  fusion  of  the  calcined  coarse  metal 
of  the  fourth  operation. 

In  the  smelting  houses  of  Messrs.  Vivian,  at  Hafod,  near  Swansea,  the  fifth  and  sixth 
operations  have  been  omitted  of  late  years.  The  second  matt  is  run  into  pigs,  under  the 
name  of  blue  metal,  to  be  immediately  exposed  to  the  roasting. 

The  disposition  of  the  canal  a  a',  fig.  302,  which  introduces  a  continuous  current  of  air 
to  the  hearth  of  the  furnace,  accelerates  and  facilitates  the  calcination  of  the  matt;  an 
advantage  which  has  simplified  the  treatment,  by  diminishing  the  number  of  calculations. 

Seventh  operation.  Roasting  of  the  coarse  copper,  the  product  of  the  sixth  operation. — 
The  chief  object  of  this  operation  is  oxydizement ;  it  is  performed  either  in  an  ordinary 
roastina:  furnace,  or  in  the  one  belonging  to  fig.  302,  which  admits  a  constant  current  of 
air.  The  pigs  of  metal  derived  from  the  preceding  melting  are  exposed,  on  the  hearth 
of  the  furnace,  to  the  action  of  the  air,  which  oxydizes  the  iron  and  other  foreign  metals 
with  which  the  copper  is  still  contaminated.    The  duration  of  the  roasting  varies  from 
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12  to  24  hours,  according  to  the  degree  of  purity  of  the  crude  copper.  The  temperature 
should  be  graduated,  in  order  that  the  oxydizement  may  have  time  to  complete,  and  that 
the  volatile  substances  which  the  copper  still  retains  may  escape  in  the  gaseous  form. 
The  fusion  must  take  place  only  towards  the  end  of  the  operation. 

The  charge  varies  from  a  ton  and  a  quarter  to  a  ton  and  a  half.  The  metal  obtained 
is  run  out  into  moulds  of  sand.  It  is  covered  with  black  blisters,  like  steel  of  cementation ; 
whence  it  has  got  the  name  of  blistered  copper.  In  the  interior  of  these  pigs,  the  copper 
presents  a  porous  texture,  occasioned  by  the  ebullition  produced  by  the  escape  of  the 
gases  during  the  moulding.  The  copper  being  now  almost  entirely  purged  from  the 
sulphur,  iron,  and  the  other  substances  with  which  it  was  combined,  is  in  a  fit  state  to  be 
refined.  This  operation  afibrds  some  scoriae ;  they  are  very  heavy,  and  contain  a  great 
deal  of  oxyde  of  copper,  sometimes  even  metallic  copper. 

These  scorioe,  as  well  as  those  of  the  third  melting  and  of  the  refining,  are  added  to  the 
second  fusion,  as  we  have  already  stated,  in  describing  the  fourth  operation. 

In  some  works,  the  roasting  is  repeated  several  times  upon  the  blue  metal,  in  order  to 
bring  it  to  a  state  fit  for  refining.  We  shall  afterwards  notice  this  modification  of  the 
treatment. 

Eighth  operation.  Refining  or  toughening.  — The  pigs  of  copper  intended  for  refining 
are  put  upon  the  sole  of  the  refining  furnace  through  the  door  in  the  side.  A  slight  heat 
is  first  given,  to  finish  the  roasting  or  oxydation,  in  case  this  operation  has  not  already 
been  pushed  far  enough.  The  fire  is  to  be  increased  by  slow  degrees,  so  that,  by  the  end 
of  6  hours,  the  copper  may  begin  to  flow.  When  all  the  metal  is  melted,  and  when  the 
heat  is  considerable,  the  workman  lifts  up  the  door  in  the  front,  and  withdraws  with  a 
rake  the  few  scoriae  which  may  cover  the  copper  bath.  They  are  red,  lamellated,  very 
heavy,  and  closely  resemble  protoxyde  of  copper. 

The  refiner  takes  then  an  assay  with  a  small  ladle,  and  when  it  cools,  breaks  it  in  a 
vice,  to  see  the  state  of  the  copper.  From  the  appearance  of  the  assay,  the  aspect  of  the 
bath,  the  state  of  the  fire,  &c.,  he  judges  if  he  may  proceed  to  the  toughening,  and  what 
quantity  of  wooden  spars  and  wood  charcoal  he  must  add  to  render  the  metal  malleable, 
or,  in  the  language  of  the  smelters,  bring  it  to  the  proper  pitch.  When  the  operation  of 
refining  begins,  the  copper  is  brittle  or  dry,  and  of  a  deep  red  color  approaching  to  purple. 
Its  grain  is  coarse,  open,  and  somewhat  crystalline. 

To  execute  the  refining,  the  surface  of  the  metal  is  covered  over  with  wood  charcoal, 
and  stirred  about  with  a  spar  or  rod  of  birch  wood.  The  gases  which  escape  from  the 
wood  occasion  a  brisk  efl!ervescence.  More  wood  charcoal  is  added  from  time  to  time, 
so  that  the  surface  of  the  metal  may  be  always  covered  with  it,  and  the  stirring  is  con- 
tinued with  the  rods,  till  the  operation  of  refining  be  finished,  a  circumstance  indicated 
by  the  assays  taken  in  succession.  The  grain  of  the  copper  becomes  finer  and  finer, 
and  its  color  gradually  brightens.  When  the  grain  is  extremely  fine,  or  closed,  when 
the  trial  pieces,  half  cut  through  and  then  broken,  present  a  silky  fracture,  and  when  the 
copper  is  of  a  fine  light  red,  the  refiner  considers  the  operation  to  be  completed  ;  but  he 
verifies  still  further  the  purity  of  the  copper,  by  trying  its  malleability.  For  this  pur- 
pose, he  takes  out  a  sample  in  his  small  ladle,  and  pours  it  into  a  mould.  When  the 
copper  is  solidified,  but  still  red-hot,  he  forges  it.  If  it  is  soft  under  the  hammer,  if  it 
does  not  crack  on  the  edges,  the  refiner  is  satisfied  with  its  ductility,  and  he  pronounces 
it  to  be  in  its  proper  state.  He  orders  the  workmen  to  mould  it ;  who  then  lift  the 
copper  out  of  the  furnace  in  large  iron  ladles  lined  with  clay,  and  pour  it  into  moulds 
of  the  size  suitable  to  the  demands  of  commerce.  The  ordinary  dimensions  of  the  ingots 
or  pigs  are  12  inches  broad,  18  long,  and  from  2  to  2|  thick. 

The  period  of  the  refining  process  is  20  hours.  In  the  first  six,  the  metal  heats,  and 
suffers  a  kind^of  roasting  ;  at  the  end  of  this  time  it  melts.  It  takes  four  hours  to  reach 
the  point  at  which  the  refining,  properly  speaking,  begins ;  and  this  last  part  of  the 
process  lasts  about  4  hours.  Finally,  6  hours  are  required  to  arrange  the  moulds,  cast 
the  ingots,  and  let  the  furnace  cool. 

The  charge  of  copper  in  the  refining  process  depends  upon  the  dimensions  of  the  fur- 
nace. In  the  Hafod  works,  one  of  the  most  important  in  England,  the  charge  varies  from 
3  to  5  tons ;  and  the  quantity  of  pure  copper  manufactured  in  a  week  is  from  40  to  50  tons. 

The  consumption  of  fuel  is  from  15  to  18  parts  of  coal,  for  one  part  of  refined  copper 
in  pigs. 

When  the  copper  offers  difficulties  in  the  refining,  a  few  pounds  of  lead  are  added  to 
it.  This  metal,  by  the  facility  with  which  it  scorifies,  acts  as  a  purifier-,  aiding  the 
oxydation  of  the  iron  and  other  metals  that  may  be  present  in  the  copper.  The  lead 
ought  to  be  added  immediately  after  removing  the  door  to  skim  the  surface.  The  copper 
should  be  constantly  stirred  up,  to  expose  the  greatest  possible  surface  to  the  action  of  the 
air,  and  to  produce  the  complete  oxydation  of  the  lead ;  for  the  smallest  quantity  of  this 
metal  alloyed  in  copper,  is  difficult  to  clear  up  in  the  lamination;  that  is  to  say,  the 
scale  of  oxyde  does  not  come  cleanly  from  the  surface  of  the  sheets. 
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The  operation  of  refininor  copper  is  delicate,  and  requires,  upon  the  part  of  the  work- 
men, great  skill  and  attention  to  give  the  metal  its  due  ductility.  Its  surface  ought  to 
be  entirely  covered  with  wood  charcoal;  without  this  precautior.,  the  refiniiig  oi' the 
metal  would  go  back,  as  the  workmen  say,  during  the  long  interval  which  elapses  in  the 
moulding ;  whenever  this  accident  happens,  the  metal  must  be  stirred  up  anew  with  the 
wooden  pole. 

Too  long  employment  of  the  wooden  rod  gives  birth  to  another  remarkable  accident, 
for  the  copper  becomes  more  brittle  than  it  was  prior  to  the  commencement  of  the  re- 
finins;  that  is,  when  it  was  dry.  Its  color  is  now  of  a  very  brilliant  yellowish  red, 
and  its  fracture  is  fibrous.  When  this  circumstance  occurs,  when  the  refining,  as  the 
workmen  say,  has  gmie  too  far,  the  refiner  removes  the  charcoal  from  the  top  of  the 
melted  metal ;  he  opens  the  side  door,  to  expose  the  copper  to  the  action  of  the  air,  and 
it  then  resumes  its  malleable  condition. 

Mr.  Vivian,  to  whom  we  owe  the  above  very  graphic  account  of  the  processes,  has 
explained,  in  a  very  happy  manner,  the  theory  of  refining.  He  conceives,  we  may  con- 
clude, that  the  copper  in  the  dry  state,  before  the  refining,  is  combined  with  a  small  por- 
tion of  oxygen,  or,  in  other  words,  that  a  small  portion  of  oxyde  of  copper  is  diffused 
through  the  mass,  or  combined  with  it;  and  that  this  proportion  of  oxygen  is  expelled 
by  the  deoxydizinsr  action  of  the  wood  and  charcoal,  whereby  the  metal  becomes  malle- 
able. 2.  That  when  the  refining  process  is  carried  too  far,  the  copper  gets  combined  with 
a  little  charcoal.  Thus  copper,  like  iron,  is  brittle  when  combined  with  oxygen  and 
charcoal ;  and  becomes  malleable  only  when  freed  entirely  from  these  two  substances. 

It  is  remarkable,  that  copper,  in  the  dry  slate,  has  a  very  strong  action  upon  iron  ;  and 
that  the  tools  employed  in  stirring  the  liquid  metal  become  very  glistening,  like  those 
used  in  a  farrier's  forge.  The  iron  of  the  tools  consumes  more  rapidly  at  that  time,  than 
when  the  copper  has  acquired  its  malleable  state.  The  metal  requires,  also,  when  dry, 
more  time  to  become  solid,  or  to  cool,  than  when  it  is  refined;  a  circumstance  depending, 
probably,  upon  the  difference  in  fusibility  of  the  copper  in  the  two  states,  and  which  seems 
to  indicate,  as  in  the  case  of  iron,  the  presence  of  oxygen. 

When  the  proper  refining  point  has  been  passed,  another  very  remarkable  circum- 
stance has  been  observed  ;  namely,  that  the  surface  of  the  copper  oxydizes  more  difficultlj^, 
and  that  it  is  uncommonly  brilliant;  reflecting  clearly  the  bricks  of  the  furnace  vault. 
This  fact  is  favorable  to  the  idea  suggested  above,  that  the  metal  is  in  that  case  combined 
with  a  small  quantity  of  carbon ;  which  absorbs  the  oxygen  of  the  air,  and  thus  protects 
the  metal  from  ^  action. 

Copper  is  brousht  into  the  market  in  different  forms,  according  to  the  purposes  which 
it  is  to  serve.  What  is  to  be  employed  in  the  manufacture  of  brass  is  granulated.  In 
this  condition  it  presents  more  surface  to  the  action  of  zinc  or  calamine,  and  combines 
with  it  more  readily.  To  produce  this  granulation,  the  metal  is  poured  into  a  large 
ladle  pierced  with  holes,  and  placed  above  a  cistern  filled  with  water,  which  must  be 
hot  or  cold,  according  to  the  form  wished  in  the  grains.  When  it  is  hot,  round  grains 
are  obtained  analogous  to  lead  shot ;  and  the  coi)per  in  this  state  is  called  bean  shot. 
When  the  melted  copper  falls  into  cold  water  perpetually  renewed,  the  granulations  are 
irregular,  thin,  and  ramified ;  constiluting/ea//ierea!  shot.  The  bean  shot  is  the  form  em- 
ployed in  brass  making. 

Copper  is  also  made  into  small  ingots,  about  6  ounces  in  weight.  These  are  intended 
for  exportation  to  the  East  Indies,  and  are  known  in  commerce  by  the  name  of  Japan 
copper.  Whenever  these  little  pieces  are  solidified,  they  are  thrown,  while  hot,  into  cold 
water.  This  immersion  slightly  oxydizes  the  surface  of  the  copper,  and  gives  it  a  fine  red 
color. 

Lastly,  the  copper  is  often  reduced  into  sheets,  for  the  sheathing  of  ships,  and  many 
other  purposes.  The  Hafod  works  possess  a  powerful  rolling  mill,  composed  of  four 
pairs  of  cylinders.  It  is  moved  by  a  steam  engine,  whose  cylinder  has  40  inches 
diameter.  '  See  the  representation  of  the  rolling  mill  of  the  Royal  Mint,  under 
Gold. 

The  cylinders  for  rolling  copper  into  sheets  are  usually  3  feet  lone,  and  15  inches  in 
diameter.  They  are  uniform.  The  upper  roller  may  be  approached  to  the  under  one, 
by  a  screw,  so  that  the  cylinders  are  brought  closer,  as  the  sheet  is  to  be  made  thinner. 

The  ingots  of  copper  are  laid  upon  the  sole  of  a  reverberatory  furnace  to  be  heated ; 
they  are  placed  alongside  each  other,  and  they  are  formed  into  piles  in  a  cross-like  ar- 
rangement, so  that  the  hot  air  may  pass  freely  round  them  all.  The  door  of  the  furnace 
is  shut,  and  the  workman  looks  in  through  a  peep-hole  from  time  to  time,  to  see  if  they 
have  taken  the  requisite  temperature;  namely,  a  dull  red.  The  copper  is  now  passed 
between  the  cylinders ;  but  although  this  metal  be  very  malleable,  the  ingots  cannot  be 
reduced  to  sheets  without  being  several  times  heated  ;  because  the  copper  cools,  and  ac 
qiiires,  by  compression,  a  texture  which  stops  the  progress  of  the  lamination. 

These  successive  heatings  are  given  in  the  furnace  indicated  above  ;  Though,  when  the 
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sheets  are  to  have  a  very  great  size,  furnaces  somewhat  different  are  had  recourse  to. 
They  are  from  12  to  15  feet  long,  and  5  wide.     See  Brass. 

The  copper,  by  successive  heating  and  lamination,  gets  covered  with  a  coat  of  oxyde, 
which  is  removed  by  steeping  the  sheets  for  a  few  days  in  a  pit  filled  with  urine ;  they 
are  then  put  upon  the  sole  of  the  heating  furnace.  Ammonia  is  formed,  which  acts  on 
the  copper  oxyde,  and  lays  bare  the  metallic  surface.  The  sheets  are  next  rubbed  with 
a  piece  of  wood,  then  plunged,  while  still  hot,  into  water,  to  make  the  oxyde  scale  off; 
and  lastly,  they  are  passed  cold  through  the  rolling  press  to  smooth  them.  They  are  now 
cut  square,  and  packed  up  for  home  sale  or  exportation. 

The  following  estimate  has  been  given  by  MM.  Dufrenoy  and  Elie  de  Beaumont  of 
the  expense  of  manufacturing  a  ton  of  copper  in  South  Wales. 

£ 
12|  tons  of  ore,  yielding  8^  per  cent,  of  copper  55 
20  tons  of  coals  -  -  -  -     8 

Workmen's  wages,  rent,  repairs,  &c.  -  -  13 


0 

0 

0 

0 

0 

0 

76    0    0 


The  exhalations  from  the  copper  smelting  works  are  very  detrimental  to  both  vegetable 
and  animal  life.  They  consist  of  sulphurous  acid,  sulphuric  acid,  arsenic,  and  arsenious 
acids,  various  gases  and  fluoric  vapors,  with  solid  particles  mechanically  swept  away  into 
the  air,  besides  the  coal  smoke.  Mr.  Vivian  has  invented  a  very  ingenious  method  of 
passing  the  exhalations  from  the  calcining  ores  and  matts  along  horizontal  flues,  or  rather 
galleries  of  great  dimensions,  with  many  crossings  and  windings  of  the  current,  and  ex- 
posure during  the  greater  part  of  the  circuit  to  copious  showers  of  cold  water.  By  this 
simple  and  powerful  system  of  condensation,  the  arsenic  is  deposited  in  the  bottoms  of 
the  flues,  the  sulphurous  acid  is  in  a  great  measure  absorbed,  and  the  nuisance  is  re- 
markably abated. 

The  following  figures  represent  certain  modifications  of  the  copper  calcining  and 
smelting  copper  furnaces  of  Swansea. 

Fig.  304,  is  the  section  of  the  roasting  furnace  lengthwise ;  fig.  303,  the  ground  plan ; 
in  which  a  is  the  fire-door ;  h  the  grate ;  c  the  fore-bridge ;  d  the  chimney ;  c  e  working 
303  ^  305 


304 

apertures  on  each  of  the 
long  sides  of  the  furnace, 
through  which  the  ore  is  in- 
troduced, spread,  and  turned 
over ;  ff  cast-iron  hoppers ; 
gg  openings  in  the  vaulted 
roof;  h  the  hearth-sole  ;  i  i 
holes  in  this ;  k  a  vaulted 
space  under  the  hearth.  The 
hearth  has  a  suitable  oval 
shape,  and  is  covered  with 
a  flat  arch.  Its  length  is 
16  feet,  breadth  13|,  mean 

height  2  feet. 

Fig.  305,  is  a  longitudinal  section  of  the  melting  furnace ;  fig.  306,  the  ground  plan, 

in  which  a  is  the  fire  door ;  b  the  grate ;  c  the  fire  bridge ;  d  the  chimney ;  e  the  side 

openings;/  the  working  doors;  g  the  raking-out  hole;  h  iron  spouts,  which  conduct 

the  melted  metal  into  pits  filled  with  water. 

The  melting  furnace  is  altogether  smaller  ;  but  its  firing  hearth  is  considerably  larger 
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than  in  the  roasting  furnace.     The  long  axis  of  the  oval  hearth  is  14  feet ;  its  short  asis 
10  feet ;  its  mean  height  2  feet. 

The  principal  ore  smelted  at  Chessy  is 
the  azure  copper,  which  was  discovered 
hy  accident  in  1812.  Red  copper  ore,  also, 
has  come  into  operation  there  since  1825. 
The  average  metallic  contents  of  the  richest 
azure  ore  are  from  33  to  36  per  cent. ;  of 
the  poorer,  from  20  to  24.  The  red  ore 
contains  from  40  to  67  parts  in  100.  The 
ore  is  sorted,  so  that  the  mean  contents  of 
metal  may  be  27  per  cent.,  to  which  20 
per  cent,  of  limestone  are  added ;  whence 
the  cinder  will  amount  to  50  per  cent,  of 
the  ore.  A  few  per  cents,  of  red  copper 
slag,  with  some  quicklime  and  gahrslag,  are 
added  to  each  charge,  which  consists  of 
200  pounds  of  the  above  mixture,  and 
150  pounds  of  coke.  When  the  furnace 
(fourneau  a  manche,  see  the  Scotch  smelting  hearth,  under  Lead)  is  in  good  action, 
from  10  to  14  such  charges  are  worked  in  12  hours.  When  the  crucible  is  full  of  metal 
at  the  end  of  this  period,  during  which  the  cinder  has  been  frequently  raked  off',  the  blast 
is  stopped,  and  the  matte  floating  over  the  metal  being  sprinkled  with  water  and  taken 
off,  leaves  the  black  copper  to  be  treated  in  a  similar  way,  and  converted  into  rosettes. 
The  refining  of  this  black  copper  is  performed  in  a  kind  of  reverberatory  furnace. 

The  cinders  produced  in  this  reduction  process  are  either  vitreous  and  light  blue, 
which  are  most  abundant ;  cellular,  black,  imperfectly  fused  from  excess  of  lime ;  or, 
lastly,  red,  dense,  blistery,  from  defect  of  lime,  from  too  much  heat,  and  the  passage  of 
protoxyde  into  the  cinders.  They  consist  of  silicate  of  alumina,  of  lime,  protoxyde  of 
iron ;  the  red  contain  some  silicate  of  copper. 

307 

The  copper-refining  fur- 
nace at  Chessy,  near  Ly- 
ons, is  of  the  kind  called 
Spkiss-ofen  (split  hearths) 
by  the  Germans.  Fig.  307 
is  a  section  lengthwise  in 
the  dotted  line  a  b  of  fig. 
308,  which  is  the  ground 
plan. 

The  foundation-walls  are 
made  of  gneiss ;  the  arch, 
the  fire-bridge,  and  the 
chimney,  of  fire-bricks.  The 
hearth,  a,  is  formed  of  a 
dense  mixture  of  coal-dust, 
upon  a  bottom  of  well-beat 
clay,  b,  which  reposes  upon 
a  bed  of  brickwork  c.  Be- 
neath this  there  is  a  slag 
bottom  d;  e  is  the  upper, 
and  /  the  under  discharge 
hole.  The  hearth  is  egg- 
shaped  ;  the  longer  axis  be- 
ing 8  feet,  the  shorter  65 
feet;  in  the  middle  it  is  10 
inches  deep,  and  furnished  with  the  outlets  g  g,  which  lead  to  each  of  the  Sple.iss-hearths 
h  h,fig.  308.  These  outlets  are  contracted  with  fire-bricks  i  i,  till  the  proper  period  of 
the  discharge.  The  two  hearths  are  placed  in  communication  by  a  canal  k :  they  are  3i 
feet  in  diameter,  16  inches  deep ;  are  floored  with  well-beat  coal  ashes,  and  receive  about 
27  cwt.  for  a  charge. 

I  is  the  grate ;  m,  the  fire-bridge ;  n,  the  boshes  in  which  the  tuyeres  lie ;  0,  the 
chimney ;  p,  the  working  door  through  which  the  slags  may  be  drawn  off.  Above 
this  is  a  small  chimney,  to  carry  off  the  flame  and  smoke  whenever  the  door  is 
opened. 

The  smelting  post  or  charge,  to  be  purified  at  once,  consists  of  60  cwt.  of  black 
copper,  to  which  a  little  granular  copper  and  copper  of  cementation  is  added  j  the 
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consumption  of  pit-coal  amounts  to  36  cwt.     As  soon  as  the  copper  is  melted,  the 
bellows  are  set  a-going,  and  the   surface   of  the  metal  gets   soon  covered  with  a 

308 


moderately  thick  layer  of  cinder,  which  is  drawn  off.  This  is  the  first  skimming  or 
decrassage.  By  and  by,  a  second  layer  of  cinder  forms,  which  is  in  like  manner 
removed ;  and  this  skimming  is  repeated,  to  allow  the  blast  to  act  upon  fresh  metallic 
surfaces.  After  4  or  5  hours,  no  more  slag  appears,  and  then  the  fire  is  increased. 
The  melted  mass  now  begins  to  boil  or  work  (travailler),  and  continues  so  to  do,  for 
about  I  of  an  hour,  or  an  hour,  after  which  the  motion  ceases,  though  the  fire  be  kept 
up.  The  gahrproof  is  now  taken ;  but  the  metal  is  seldom  fine  in  less  than  |  of  an 
hour  after  the  boil  is  over.  Whenever  the  metal  is  run  off  by  the  tap-hole  into  the 
two  basins  i  i,  called  split-hearths,  a  reddish  vapor  or  mist  rises  from  its  surface, 
composed  of  an  infinite  number  of  minute  globules,  which  revolve  with  astonishing 
velocity  upon  their  axes,  constituting  what  the  Germans  called  spratzen  (crackling)  of 
the  copper.  They  are  composed  of  a  nucleus  of  metal,  covered  with  a  film  of  protoxyde, 
and  are  used  as  sand  for  strewing  upon  manuscript.  The  copper  is  separated,  as  usual,  by 
sprinkling  water  upon  the  surface  of  the  melted  metal,  in  the  state  of  rosettes,  which  are 
immediately  immersed  in  a  stream  of  water.  This  refining  process  lasts  about  16  or  17 
hours ;  the  skimmings  weigh  about  50  cwt.  ;  the  refuse  is  from  15  to  17  per  cent.  ;  the 
loss  from  2  to  3  per  cent.     The  gahrslag  amounts  to  11  cwt. 

The  refining  of  the  eliquated  copper  (called  darrlinge)  from  which  the  silver  has  been 
sweated  out  by  the  intervention  of  lead,  can  be  performed  only  in  small  hearths.  The 
following  is  the  representation  of  such  a  furnace,  called,  in  German,  Kupfergahrheerd. 
Fig.  309  is  the  section  lengthwise;  fig.  310  is  the  section  across ;    and  fig.  311  is  the 
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ground    plan,  in  which  a  is  the  hearth-hollow ;    b,  a  massive  wall ;    c,  the  mass  out  of 
which  the  hearth  is  formed;  d,  cast-iroa  plates  covering  the  hearth;   e,  opening  for 


334  COPPER. 

running  off   the   liquid  slag;  /,  a   small  wall;    g,  iron   curb   for  keeping  the  coals 
together. 

The  hearth  being  heated  with  a  bed  of  charcoal,  |  cwt.  of  darrlinge  are  laid  over  it, 
and  covered  with  more  fuel :  whenever  this  charge  is  melted,  another  layer  of  the  coal 
and  darrlinge  is  introduced,  and  thus  in  succession  till  the  hearth  become  full,  or 
contain  from  2j  to  £5  cwt.  In  Neustadt  7^  cwt.  of  darrlinge  have  been  refined  in  one 
furnace,  from  which  5  cwt.  of  gahrcopper  has  been  obtained.  The  blast  oxydizes  the 
foreign  metal?,  namely,  the  lead,  nickel,  cobalt,  and  iron,  with  a  little  copper,  forming 
the  gahrslag ;  which  is,  at  first,  rich  in  lead  oxyde,  and  poor  in  copper  oxyde  ;  but,  at  the 
end,  this  order  is  reversed.  The  slag,  at  first  blackish,  assumes  progressively  a  copper 
red  tint.  The  slag  flows  off  spontaneously  along  the  channel  e,  from  the  surface  of  the 
hearth.  The  gahre  is  tested  by  means  of  a  proof-rod  of  iron,  called  gahr-eisen,  thrust 
though  the  luylre  into  the  melted  copper,  then  drawn  out  and  plunged  in  cold  water. 
As  soon  as  the  gahrspan  (scale  of  copper)  appears  brownish  red  on  the  outside,  and 
copper  red  within,  so  thin  that  it  seems  like  a  net-work,  and  so  deficient  in  tenacity 
that  it  cannot  be  bent  without  breaking,  the  refining  is  finished.  The  blast  is  then 
stopped ;  the  coals  covering  the  surface,  as  also  the  cinders,  must  be  raked  off  the  copper, 
after  being  left  to  cool  a  little ;  the  surface  is  now  cooled  by  sprinkling  water  upon  it, 
and  the  thick  cake  of  congealed  metal  (roiidelle)  is  lifted  off  with  tongs,  a  process  called 
schleissen  (slicing),  or  sheibenreissen  (shaving),  which  is  continued  till  the  last  convex  cake 
at  the  bottom  of  the  furnace,  styled  the  kiugspiece,  is  withdrawn.  These  rondelles  are 
immediately  immersed  in  cold  water,  to  prevent  the  oxydation  of  the  copper ;  whereupon 
the  metal  becomes  of  a  cochineal  red  color,  and  gets  covered  with  a  thin  film  of 
protoxyde.  Its  under  surface  is  studded  over  with  points  and  hooks,  the  result  of 
tearin?  the  congealed  disc  from  the  liquid  metal.  Such  cakes  are  called  rosette  copper. 
When  the  metal  is  very  pure  and  free  from  protoxyde,  these  cakes  may  be  obtained  very 
thin,  one  24th  of  an  inch  for  example. 

The  refining  of  two  cwts.  and  a  half  of  darrlinge  takes  three  quarters  of  an  hour,  and 
yields  one  cwt.  and  a  half  of  gahrcopper  in  36  rosettes,  as  also  some  gahrslag.  Gahr- 
copper generally  contains  from  I5  to  2^  per  cent,  of  lead,  along  with  a  little  nickel, 
silver,  iron,  and  aluminum. 

Smelling  of  the  Manns/eld  copper  schist.  Or  bituminous  Mergelschiefer. — The  cupreous 
ore  is  first  roasted  in  large  heaps,  of  2000  cwts.,  interstratified  with  brush-wood,  and 
with  some  slates  rich  in  bituminous  matter,  mixed  with  the  others.  These  heaps  are 
3  ells  high,  and  go  on  burning  15  weeks  in  fair  and  20  in  rainy  weather.  The  bitumen 
is  decomposed  ;  the  sulphur  is  dissipated  chiefly  in  the  form  of  sulphurous  acid  ;  the  metal 
gets  partially  oxydized,  particularly  the  iron,  which  is  a  very  desirable  circumstance 
towards  the  production  of  a  good  smelting  slag.  The  calcined  ore  is  diminished  one 
tenth  in  bulk,  and  one  eighth  in  weight ;  becoming  of  a  friable  texture  and  a  dirty  yellow 
gray  color.  The  smelting  furnaces  are  cupolas  (schachtofen) ,  14  to  18  feet  high  ;  the 
fuel  is  partly  wood  charcoal,  partly  coke  from  the  Berlin  gas-works,  and  Silesia.  The 
blast  is  given  by  cylinder  bellows,  recently  substituted  for  the  old  barbarous  Blasebdlgen, 
or  wooden  bellows  of  the  household  form. 

The  cupreous  slate  is  sorted,  according  to  its  composition,  into  slate  of  lime,  clay,  iron, 
&c.,  by  a  mixture  of  which  the  smelting  is  facilitated.  For  example,  1  post  or  charge  may 
consist  of  20  cwt.  of  the  ferruginous  slate,  14  of  the  calcareous,  6  of  the  argillaceous,  with 
3  of  fluor  spar,  3  of  rich  copper  slags,  and  other  refuse  matters.  The  nozzle  at  the 
tuyire  is  lengthened  6  or  8  inches,  to  place  the  melting  heat  near  the  centre  of  the 
furnace.  In  15  hours  1  fodder  of  48  cwts.  of  the  above  mixture  may  be  smelted, 
whereby  4  to  5  cwts.  of  vtatte  (crude  copper,  called  Kupferstein  in  Germany)  and  a 
large  body  of  slags  are  obtained.  The  malie  contains  from  30  to  40  per  cent,  of  copper, 
and  from  2  to  4  lolhs  (1  to  2  oz.  )  of  silver.  The  slags  contain  at  times  one  tenth  their 
weight  of  copper. 

The  matte  is  composed  of  the  sulphurets  of  copper,  iron,  silver,  zinc,  along  with  some 
arsenical  cobalt  and  nickel.  The  slaty  slag  is  raked  off  the  surface  of  the  melted  matte 
from  time  to  time.  The  former  is  either  after  being  roasted  six  successive  limes, 
smelted  into  hlack  copper;  or  it  is  subjected  to  the  following  concentration  process.  It 
is  broken  to  pieces,  roasted  by  brushwood  and  coals  three  several  times  in  brick-walled 
kilns,  containing  60  cwts.,  and  turned  over  after  every  calcination;  a  process  of  four 
weeks'  duration.  The  ihrice  roasted  mass,  called  spurrost,  being  melted  in  the  cupola 
fig.  313,  with  ore-cinder,  yields  the  spur  stein,  or  concentrated  matte.  From  30  to  40  cwts. 
of  spurrost  are  smelted  in  24  hours  ;  and  from  48  to  60  per  cent,  of  spursiein  are  obtained, 
the  slag  from  the  slate  smelting  being  employed  as  a  flux.  The  spurstein  contains  from 
50  to  60  per  cent,  of  copper,  combined  with  the  sulphurets  of  copper,  of  iron,  and 
silver. 

The  spurstein  is  now  mixed  with  dunnstein  (a  sulphuret  of  copper  and  iron  produced 
in  the  original  smellings)  roasted  six  successive  times,  in  the  quantity  of  60  cwts.,  with 
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brushwood  and  charcoal;  a  process  which  requires  from  7  to  8  weeks.  The  product  of 
this  six-fold  calcination  is  the  Gahrrost  of  the  Germans  (done  and  purified) ;  it  has  a 
color  like  red  coppei'  ore,  varying  from  blue  gray  into  cochineal  red  ;  a  granular  frac- 
ture; it  contains  a  little  of  the  metal,  and  may  be  immediately  reduced  into  metallic 
copper,  called  kupfermachen.  But  before  smelting  the  mass,  it  is  lixiviated  with  water, 
to  extract  from  it  the  soluble  sulphate,  which  is  concentrated  in  lead  pans,  and  crys- 
tallized. 

The  lixiviated  gahrdsie  mixed  with  from  f  to  1  of  the  lixiviated  di'mnsteinrost,  and  1  to  J- 
of  the  copper  slate  slag,  are  smelted  with  charcoal  or  coke  fuel  in  the  course  of  24  hours, 
in  a  mass  of  60  or  80  cwts.  The  product  is  black  copper,  to  the  amount  of  about  f  the 
weight,  and  1  of  dumistcin  or  thin  matte.  This  black  copper  contains  in  the  cwt.  from 
12  to  20  loths  (6  to  10  oz.)  of  silver.  The  dlinnstein  consists  of  from  60  to  70  per  cent, 
of  copper  combined  with  sulphur,  sulphuret  of  iron,  and  arsenic;  and  when  thrice 
roasted,  yields  a  portion  of  metal.  The  black  copper  lies  undermost  in  the  crucible  of 
the  furnace ;  above  it  is  the  dunnstein,  covered  with  the  stone  slag,  or  copper  cinder, 
resulting  from  the  slate-smelling.  The  slags  being  raked  oif,  and  the  crucible  sufficiently 
full,  the  eye  or  nozzle  hole  is  shut,  the  dtinnstein  removed  by  cooling  the  surface  and 
breaking  the  crust,  which  is  about  ^  to  5  inch  thick.  The  same  method  is  adopted  for 
taking  out  the  black  copper  in  successive  layers.  For  the  de-silvering  of  this  and  similar 
black  coppers,  see  Silver. 

313  312  Fig.  312  is  a  vertical  section 

through  the  form  or  tuyere  in 
the  dotted  line  a  b  of  Jig.  314. 
Fig.  313  is  a  vertical  section  in 
the  dotted  line  c  d  of  Jig.  315.  a 
is  the  shaft  of  the  furnace,  b  the 
rest,  c  c  the  forms ;  d  the  sole  or 
hearth-stone,  which  has  a  slope 
of  3  inches  towards  the  front 
wall ;  e  e,  &c.  casing  walls  of  fire 
bricks ;  //,  &c.  filling  up  walls 
built  of  rubbish  stones ;  g  g  a. 
mass  through  which  the  heat  is 
slowly  conducted ;  h  h  the  two 
holes  through  one  or  other  of 
which  alternately  the  product  of 
the  smelting  process  is  run  off 
into  the  fore-hearth.  Beneath 
the  hearth-sole  there  is  a  solid 
body  of  loam ;  and  the  fore- 
hearth  is  formed  with  a  mixture 
of  coal-dust  and  clay;  fc  is  the 
discharge  outlet.  Fig.  314  is  a 
horizontal  section  of  the  furnace 
through  the  hole  or  eye  in  the 
dotted  line  e  f  of  ^g.  312;  Jig. 
315,  a  horizontal  section  of  the 
shaft  of  the  furnace  through  the 
form  in  the  dotted  line  g  h  of  Jigs.  312  and  313.  The  height  of  the  shaft,  from  the  line 
E  F  to  the  top,  is  14  feet ;  from  e  to  g,  25  inches ;  from  c  to  the  line  below  b,  2  feet; 
from  that  line  to  the  line  opposite  g  g,  2  feet.  The  width  at  the  line  g  g  is  3  feet  3  inchefe, 
and  at  c  26  inches.     The  basins  i  i,Jig.  314,  are  3  feet  diameter,  and  20  inches  deep. 

The  refining  of  copper  is  said  to  be  well  executed  at  Seville,  in  Spain ;  and,  tl»f  refore, 
some  account  of  the  mode  of  operating  there  may  be  acceptable  to  the  reader. 

The  first  object  is  to  evaporate  in  a  reverberatory  furnace  all  the  volatile  substances, 
such  as  sulphur,  arsenic,  antimony,  &c.,  which  may  be  associated  with  the  sulphur ;  and 
the  second,  to  oxydize  and  to  convert  into  scoriae  the  fixed  substances,  such  as  iron,  lead, 
&c.,  with  the  least  possible  expense  and  waste.  The  minute  quantities  of  gold  and  sil- 
ver which  resist  oxydation  cannot  be  in  any  way  injurious  to  the  copper.  The  hearth 
is  usually  made  of  a  refractory  sand  and  clay  with  ground  charcoal,  each  mixed  in  equal 
volumes,  and  worked  up  into  a  doughy  consistence  with  water.  This  composition  is 
beat  firmly  into  the  furnace  bottom.  But  a  quartzose  hearth  is  found  to  answer  better, 
and  to  be  far  more  durable ;  such  as  a  bed  of  fire-sandstone. 

Before  kindling  the  furnace,  its  inner  surface  is  smeared  over  with  a  cream-coa- 
sistenced  mixture  of  fire-clay  and  water. 

The  cast  pigs,  or  blocks  of  black  or  crude  copper,  are  piled  upon  the  hearth,  each  suc- 
cessive layer  crossing  at  right  angles  the  layer  beneath  it,  in  (jider  that  the  flame  may 
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liave  access  to  play  upon  the  surface  of  the  hearth,  and  to  heat  it  to  a  proper  pitch  for 
making  the  metal  flow. 

The  weight  of  the  charge  should  be  proportional  to  the  capacity  of  the  furnace,  and 
such  that  the  level  of  the  metallic  bath  may  be  about  an  inch  above  the  nozzle  of  the 
bellows ;  for,  were  it  higher,  it  would  obstruct  its  operation,  and  were  it  too  low,  the 
stream  of  air  would  strike  but  imperfectly  the  surface  of  the  metal,  and  would  fail  to 
effect,  or  would  retard  at  least,  the  refining  process,  by  leaving  the  oxydation  and  vola- 
tilization of  the  foreign  metals  incomplete. 

As  the  scoriae  form  upon  the  surface,  they  are  drawn  off  with  an  iron  rabble  fixed  to 
the  .end  of  a  wooden  rod. 

Soon  after  the  copper  is  melted,  charcoal  is  to  be  kindled  in  three  iron  basins  lined 
■with  loam,  placed  alongside  the  furnace,  to  prepare  them  for  receiving  their  charge  of 
copper,  which  is  to  be  converted  in  them,  into  rosettes. 

The  bellows  are  not  long  in  action  before  the  evaporation  of  the  mineral  substances 
is  so  copious,  as  to  give  the  bath  a  boiling  appearance ;  some  drops  rise  up  to  the  roof 
of  the  reverberatory,  others  escape  by  the  door,  and  fall  in  a  shower  of  minute  spherical 
globules.  This  phenomenon  proves  that  the  process  is  going  on  well ;  and,  when  it 
ceases,  the  operation  is  nearly  completed.  A  small  proof  of  copper,  of  the  form  of  a 
watch-case,  and  therefore  called  montre,  is  taken  out  from  time  to  time,  upon  the  round 
end  of  a  polished  iron  rod,  previously  heated.  This  rod  is  dipped  two  or  three  inches 
into  the  bath,  then  withdrawn  and  immersed  in  cold  water.  The  copper  cap  is  detached 
from  the  iron  rod,  by  a  few  blows  of  a  hammer ;  and  a  judgment  is  formed  from  its  thick- 
ness, color,  and  polish,  as  to  the  degree  of  purity  which  the  copper  has  acquired.  But 
these  luatches  need  not  be  drawn  till  the  small  rain,  above  spoken  of,  has  ceased  to  fall 
At  the  end  of  about  11  hours  of  firing,  the  numerous  small  holes  observable  in  the  first 
watch  samples  begin  to  disappear ;  the  outer  surface  passes  from  a  bright  red  to  a  darker 
hue,  the  inner  one  becomes  of  a  more  uniform  color,  and  always  less  and  less  marked 
with  yellowish  spots.  It  will  have  acquired  the  greatest  pitch  of  purity  that  the  process 
can  bestow,  when  the  watches  become  of  a  dark  crimson  color. 

Care  must  be  taken  to  stop  this  refining  process  at  the  proper  time  ;  for,  by  prolong- 
ing it  unduly,  a  small  quantity  of  cupreous  oxyde  would  be  formed,  which,  finding  no 
oxygen  to  reduce  it,  would  render  the  whole  body  of  copper  hard,  brittle,  and  incapable 
of  lamination. 

The  basins  must  now  be  emptied  of  their  burning  charcoal,  the  opening  of  the  tuylre 
must  be  closed,  and  the  melted  copjjer  allowed  to  flow  into  them  through  the  tap-hole, 
which  is  then  closed  with  loam.  Whenever  the  surface  is  covered  with  a  solid  crust,  it 
is  bedewed  with  water;  and  as  soon  as  the  crust  is  about  1^  inch  thick  it  is  raised  upon 
hooks  above  the  basin,  to  drain  olf  any  drops,  and  then  carried  away  from  the  furnace. 
If  these  cakes,  or  rosettes,  be  suddenly  cooled  by  plunging  them  immediately  in  water, 
they  will  assume  a  fine  red  color,  from  the  formation  of  a  film  of  oxyde. 

Each  refining  operation  produces,  in  about  12  hours,  lyL.  tons  of  copper,  with  the  con- 
sumption of  about  +  of  a  ton  of  dry  wood. 

Care  should  be  taken  that  the  copper  cake  or  rosette  be  all  solidified  before  plunging 
it  into  water,  otherwise  a  very  dangerous  explosion  might  ensue,  in  consequence  of  the 
sudden  extrication  of  oxygen  from  the  liquid  metal,  in  the  act  of  condensation.  On  the 
other  hand,  the  cake  should  not  be  allowed  to  cool  too  long  in  the  air,  lest  it  get  peroxy- 
dized  upon  the  surface,  and  lose  those  fine  red,  purple,  and  yellow  shades,  due  to  a  film 
of  the  protoxyde,  which  many  dealers  admire. 

When  a  little  oxyde  of  antimony  and  oxyde  of  copper  are  combined  with  copper, 
they  occasion  the  appearance  of  micaceous  scales  in  the  fractured  faces.  Such  metal 
is  hard,  brittle,  yellowish  within,  and  can  be  neither  laminated  nor  wire-drawn.  These 
defects  are  not  owing  to  arsenic,  as  was  formerly  imagined ;  but,  most  probably,  to 
antimony  in  the  lead,  which  is  sometimes  used  in  refining  copper.  They  are  more 
easily  prevented  than  remedied. 

According  to  M.  Frerejean,  proprietor  of  the  great  copper  works  of  Vienne,  in 
Dauphiny,  too  low  a  temperature,  or  too  much  charcoal,  gives  to  the  metal  a  cubical 
structure,  or  that  of  divergent  rays ;  in  either  of  which  states  it  wants  tenacity.  Too 
high  a  temperature,  or  too  rapid  a  supply  of  oxygen,  gives  it  a  brick  red  color,  a 
radiated  crystallization  without  lustre,  or  a  very  fine  grain  of  indeterminate  form ;  the 
last  structure  being  unsuitable  for  copper  that  is  to  be  worked  under  the  hammer  or  in 
the  rolling-press.  The  form  which  indicates  most  tenacity  is  radiated  with  minute 
fibres  glistening  in  mass.  Melted  copper  will  sometimes  pass  successively  through 
these  three  states  in  the  space  of  ten  minutes. 

Fig.  3 16  represents  a  roasting  mound  of  copper  pyrites  in  the  Lower  Hartz,  near  Goslar, 
where  a  portion  of  the  sulphur  is  collected.  It  is  a  vertical  section  of  a  truncated 
quadrangular  pyramid.  A  layer  of  wooden  billets  is  arranged  at  the  base  of  the  pyramid 
in  the  line  a  a. 
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Cj  a  wooden  chimney  which  stands  in  the  centre  of  the  mound  with  a  small  pile  of 
charcoal  at  its  bottom,  c;  d  d  are  large  lumps  of  ore  surrounded  by  smaller  pieces ;  // 

are  rubbish  and  earth  to  form  a  covering. 
A  current  of  air  is  admitted  under  the 
billets  by  an  opening  in  the  middle  of 
each  of  the  four  sides  of  the  base  a  a, 
so  that  two  principal  currents  of  air 
cross  under  the  vertical  axis  c  of  the 
truncated  pyramid,  as  indicated  in  the 
figure. 

The  fire  is  applied  throush  the  chimney  c  ;  the  charcoal  at  its  bottom  c,  and  the  piles 
a  a  are  kindled.  The  sulphureous  ores,  d  f,  are  raised  to  such  a  high  temperature  as 
to  expel  the  sulphur  in  the  state  of  vapor. 

In  the  Lower  Hartz  a  roasting  mound  continues  burning  during  four  months.  Some 
days  after  it  is  kindled  the  sulphur  begins  to  exhale,  and  is  condensed  by  the  air  at  the 
upper  surface  of  the  pyramid.  When  this  seems  impregnated  with  it,  small  basins  1  1 
are  excavated,  in  which  some  liquid  sulphur  collects ;  it  is  removed  from  time  to  time 
with  iron  ladles,  and  thrown  into  water,  where  it  solidifies.  It  is  then  refined  and  cast 
into  roll  brimstone. 

A  similar  roasting  mound  contains,  in  the  Lower  Hartz,  from  100  to  110  tons  of  ore 
and  730  cubic  feet  of  wood.  It  yields  in  four  months  about  one  ton  and  a  half  of 
sulphur  from  copper  pyrites.  Lead  ore  is  treated  in  the  same  way,  but  it  furnishes  less 
sulphur. 

There  are  usually  from  12  to  15  roasting  heaps  in  action  at  once  for  three  smelting 
works  of  the  Lower  Hartz.  After  the  first  roasting  two  heaps  are  united  to  form  a  third, 
which  is  calcined  anew,  but  under  a  shed ;  the  ores  are  then  stirred  up  and  roasted  for 
the  third  time,  whence  a  crude  mixture  is  procured  for  the  smelting-house. 

The  miosl  favorable  seasons  for  roasting  in  the  open  air  are  spring  and  autumn  ;  the 
best  weather  is  a  light  wind  accompanied  with  gentle  rain.  When  the  wind  or  rain 
obstructs  the  operation,  this  inconvenience  is  remedied  by  planks  distributed  round  the 
upper  surface  of  the  truncated  pyiamid  over  the  sulphur  basins. 

Manufacturing  assays  of  copper. — The  first  thing  is  to  make  such  a  sample  as  will 
represent  the  whole  mass  to  be  valued ;  with  which  view,  fragments  must  be  taken  from 
different  spots,  mixed,  weighed,  and  ground  together.  A  portion  of  this  mixture  being 
tried  by  the  blow-pipe,  will  show,  by  the  garlic  or  sulphurous  smell  of  its  fumes,  whether 
arsenic,  sulphur,  or  both,  be  the  mineralizers.  In  the  latter  case,  which  often  occurs. 
100  gr.  or  1000  gr.  of  the  ore  are  to  be  mixed  with  one  half  its  weight  of  saw-dust, 
then  imbued  with  oil,  and  heated  moderately  in  a  crucible  till  all  the  arsenical  fumes  be 
dissipated.  The  residuum,  being  cooled  and  triturated,  is  to  be  exposed  in  a  shallow 
earthen  cup  to  a  slow  roasting  heat,  till  the  sulphur  and  charcoal  be  burned  away.  What 
remains,  being  ground  and  mixed  with  half  its  weight  of  calcined  borax,  one  twelfth  its 
weight  of  lamp  black,  next  made  into  a  dough  with  a  few  drops  of  oil,  is  to  be  pressed 
down  into  a  crucible,  which  is  to  be  covered  with  a  luted  lid,  and  to  be  subjected,  in  a 
powerAil  air  furnace,  first  to  a  dull  red  heat,  and  then  to  vivid  ignition  for  20  minutes. 
On  cooling  and  breaking  the  crucible,  a  button  of  metallic  copper  will  be  obtained.  Its 
color  and  malleability  indicate  pretty  well  the  quality,  as  does  its  weight  the  relative 
value  of  the  ore.  It  should  be  cupelled  with  lead,  to  ascertain  if  it  contains  silver  or 
gold.     See  Assay,  and  Silver. 

If  the  blow-pipe  trial  showed  no  arsenic,  the  first  calcination  may  be  omitted  ;  an*^  if 
neither  sulphur  nor  arsenic,  a  portion  of  the  ground  ore  should  be  dried,  and  treated 
directly  with  borax,  lamp-black,  and  oil.  It  is  very  common  to  make  a  dry  assay  of 
copper  ores,  by  one  roasting  and  one  fusion  along  with  3  parts  of  black  fl')\  ;  Irom  itn. 
weight  of  the  metallic  button  the  richness  of  the  ore  is  inferred.  , 

The  humid  assay  is  more  exact,  but  it  requires  more  skill  and  time. 

The  sulphur  and  the  silica  are  easily  got  rid  of  by  the  acids,  which  do  not  dissolve 
them,  but  only  the  metallic  oxydes  and  the  other  earths.  These  oxydes  may  then  be 
thrown  down  by  their  appropriate  reagents,  the  copper  being  precipitated  in  the  state  of 
either  the  black  oxyde  or  pure  melal.  105  parts  of  black  oxyde  represent  100  of  copper. 
Before  entering  upon  the  complete  analysis  of  an  ore,  preliminary  trials  should  be  made, 
to  ascertain  what  are  its  chief  constituents.  If  it  be  sulphuret  of  copper,  or  copper 
pyrites,  without  silver  or  lead,  100  grains  exactly  of  its  average  powder  may  be  weighed 
out,  treated  in  a  matrass  with  boiling  muriatic  acid  for  some  time,  gradually  adding  a  few 
drops  of  nitric  acid,  till  all  action  ceases,  or  till  the  ore  be  all  dissolved.  The  insoluble 
matter  found  floating  in  the  liquid  contains  most  of  the  sulphur ;  it  may  be  separated 
upon  a  filter,  washed,  dried,  and  weighed  ;  then  verified  by  burning  away.  The  incom- 
bustible residuum,  treated  by  muriatic  acid,  may  leave  an  insoluble  deposite,  which  is 
to  be  added  to  the  former.    To  the  whole  of  the  filtered  solutions  carbonate  of  potash  ifr 
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to  be  added ;  and  the  resulting  precipitate,  being  washed,  and  digested  repeatedly  in  wa- 
ter of  ammonia,  all  its  cupric  oxyde  will  have  been  dissolved,  whenever  the  ammonia  is 
no  longer  rendered  blue. 

Caustic  potash,  boiled  with  the  ammoniacal  solution,  will  separate  the  copper  in  the 
state  of  black  oxyde ;  which  is  to  be  thrown  upon  a  filter,  washed,  dried,  and  weighed. 
The  matter  left  undissolved  by  the  ammonia,  consists  of  oxyde  of  iron,  with  probably  a 
little  alumina.  The  latter  being  separated  by  caustic  potash,  the  iron  oxyde  may  be  also 
washed,  dried,  and  weighed.  The  powder  which  originally  resisted  the  muriatic  acid,  is 
silica. 

Assay  of  copper  ores,  which  contain  iron,  sulphur,  silver,  lead,  and  antimony. 
100  grains  of  these  ores,  previously  sampled,  and  pulverized,  are  to  be  boiled  with 
nitric  acid,  adding  fresh  portions  of  it  from  time  to  time,  till  no  more  of  the  matter  be 
dissolved.  The  whole  liquors  which  have  been  successively  digested  and  decanted  off, 
are  to  be  filtered  and  treated  with  common  salt,  to  precipitate  the  silver  in  the  state  of  a 
chloride. 

The  nitric  acid,  by  its  reaction  upon  the  sulphur,  having  generated  sulphuric  acid,  this 
will  combine  with  the  lead  oxydized  at  the  same  time,  constituting  insoluble  sulphate  of 
lead,  which  will  remain  mixed  with  the  gangue.  Should  a  little  nitrate  of  lead  remain 
in  the  liquid,  it  may  be  thrown  down  by  sulphate  of  soda,  after  the  silver  has  been  sepa- 
rated. The  dilute  liquid,  being  concentrated  by  evaporation,  is  to  be  mixed  with  ammo- 
nia in  such  excess  as  to  dissolve  all  the  cupric  oxyde,  while  it  throws  down  all  the  oxyde 
of  iron  and  alumina ;  which  two  may  be  separated,  as  usual,  by  a  little  caustic  pot- 
ash. The  portion  of  ore  insoluble  in  the  nitric  acid  being  digested  in  muriatic  acid, 
everything  will  be  dissolved  except  the  sulphur  and  silica.  These  being  collected  upon 
a  filter,  and  dried,  the  sulphur  may  be  burned  away,  whereby  the  proportion  of  each  is 
determined. 

Ores  of  the  oxyde  of  copper  are  easily  analyzed  by  solution  in  nitric  acid,  the  addition 
of  ammonia,  to  separate  the  other  metals,  and  precipitation  by  potash.  The  native  car- 
bonate is  analyzed  by  calcining  100  grains ;  when  the  loss  of  weight  will  show  the 
amount  of  water  and  carbonic  acid  ;  then  that  of  the  latter  may  be  found,  by  expelling  it 
from  another  100  grains,  by  digestion  in  a  given  weight  of  sulphuric  acid.  The  copper 
is  finally  obtained  in  a  metallic  state  by  plunging  bars  of  zinc  into  the  solution  of  the 
sulphate. 

The  native  arseniates  of  copper  are  analyzed  by  drying  them  first  at  a  moderate  heat; 
after  which  they  are  to  be  dissolved  in  nitric  acid.  To  this  solution,  one  of  nitrate  of 
lead  is  to  be  added,  as  long  as  It  occasions  a  precipitate;  the  deposite  is  to  be  drained  up- 
on a  filter,  and  the  clear  liquid  which  passes  through,  being  evaporated  nearly  to  dryness, 
is  to  be  digested  in  hot  alcohol,  which  will  dissolve  everything  except  a  little  arseniateof 
lead.  This  being  added  to  the  arsenlate  first  obtained,  from  the  weight  of  the  whole,  the 
arsenic  acid,  constituting  35  per  cent.,  is  directly  inferred.  The  alcoholic  solution  being 
now  evaporated  to  dryness,  the  residue  is  to  be  digested  in  water  of  ammonia,  when  the 
cupric  oxyde  will  be  dissolved,  and  the  oxyde  of  iron  will  remain.  The  copper  Is  procured, 
in  the  state  of  black  oxyde,  by  boiling  the  filtered  ammoniacal  solution  with  the  proper 
quantity  of  potash. 

The  analysis  of  muriate  of  copper — alacamite — is  an  easy  process.  The  ore  being 
dissolved  in  nitric  acid,  a  solution  of  nitrate  silver  is  added,  and  from  the  weight  of  the 
chloride  precipitated,  the  equivalent  amount  of  muriate  or  chloride  of  copper  is  given  ;  for 
100  of  chloride  of  silver  represent  93  of  chloride  of  copper,  and  43*8  of  its  metallic  basis. 
This  calculation  may  be  verified  by  precipitating  the  copper  of  the  muriate  from  its  solu- 
tion In  dilute  sulphuric  acid,  by  plates  of  zinc. 

The  phosphate  of  copper  may  be  analyzed  either  by  solution  in  nitric  acid,  and  precipi- 
tation by  potash  ;  or  by  precipitating  the  phosphoric  acid  present,  by  means  of  acetate  of 
lead.  The  phosphate  of  lead  thus  obtained,  after  being  washed.  Is  to  be  decomposed  by 
dilute  sulphuric  acid.  The  insoluble  sulphate  of  lead,  being  washed,  dried,  and  weighed, 
indicates  by  its  equivalent  the  proportion  of  phosphate  of  lead,  as  also  of  phosphate  of 
copper;  for  100  of  sulpliate  of  lead  correspond  to  92"25  phosphate  of  lead,  and  89'5  phos- 
phate of  copper ;  and  this  again  to  52-7  of  the  black  oxyde. 

Copper  forms  the  basis  of  a  greater  number  of  important  alloys  than  any  other  metal. 
With  zinc,  it  forms  Brass  in  all  its  varieties;  which  see. 

Bronze  and  Bell  Metal  are  alloys  of  copper  and  tin.  This  compound  is  prepared  in 
crucibles  when  only  small  quantities  are  required ;  but  in  reverberatory  hearths,  when 
statues,  bells,  or  cannons  are  to  be  cast.  The  metals  must  be  protected  as  much  as  pos- 
sible during  their  combination  from  contact  of  air  by  a  layer  of  pounded  cliarcoal,  other- 
wise two  evils  would  result,  waste  of  the  copper  by  combustion,  and  a  rapid  oxydizement 
of  the  tin,  so  as  to  change  the  proportions  and  alter  the  properties  of  the  alloy.  The  fused 
materials  ought  to  be  well  mixed  by  stirring,  to  give  uniformity  to  the  compound.  See 
Bronze. 
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An  alloy  of  100  of  copper  and  4-17  of  tin  has  been  proposed  by  M.  Cnaudei  for  t'la 
ready  manufacture  of  medals.  After  melting  this  alloj,  he  easts  it  in  Moulds  made  of 
such  bone-ash  as  is  used  for  cupels.  The  medals  are  afterward  subjected  to  the  action 
of  the  coinins;  press,  not  for  striking  them,  for  the  mould  furnishes  perfect  impressions, 
but  for  finishing  and  polishing  them. 

By  a  recent  analysis  of  M.  Berthier,  the  bells  of  the  pendnles,  or  ornamental  clocks, 
made  in  Paris,  are  found  to  be  composed — of  copper  72*00,  tin  26-56,  iron  1*44,  in  100 
parts. 

An  alloy  of  100  of  copper  and  14  of  tin  is  said  by  M.  Dussaussy  to  furnish  tools,  which, 
hardened  and  sharpened  in  the  manner  of  the  ancients,  afford  an  edge  nearly  equal  to 
that  of  steel. 

Cymbals,  gongs,  and  the  tamtam  of  the  Chinese  are  made  of  an  alloy  of  100  of  copper 
with  about  25  of  tin.  To  give  this  compound  the  sonorous  property  in  the  highest  de- 
gree, it  must  be  subjected  to  sudden  refrigeration.  M.  D'Arcet,  to  whom  tliis  discovery 
is  due,  recommends  to  ignite  the  piece  after  it  is  cast,  and  to  plunge  it  immediately  into 
cold  water.  The  sudden  cooling  gives  the  particles  of  the  alloy  such  a  disposition, 
that,  with  a  regulated  pressure  by  skilful  hammering,  they  may  be  made  to  slide  over  each 
other,  and  remain  permanently  in  their  new  position.  When  by  this  means  the  instru- 
ment has  received  its  intended  form,  it  is  to  be  heated  and  allowed  to  cool  slowly  in  the 
air.  The  particles  now  take  a  different  arrangement  from  what  they  would  have  done 
by  sudden  refrigeration ;  for  instead  of  being  ductile,  they  possess  such  an  elasticity, 
that  on  being  displaced  by  a  slight  compression,  they  return  to  their  primary  position 
after  a  series  of  extremely  rapid  vibrations ;  whence  a  very  powerful  sound  is  emitted. 
Bronze,  bell-metal,  and  probably  all  the  other  alloys  of  tin  with  copper,  present  the  same 
peculiarities. 

The  alloy  of  100  of  copper  with  from  60  to  33  of  tin  forms  common  hell-metal.  It  is 
yellowish  or  whitish  gray,  brittle,  and  sonorous,  but  not  so  much  so  as  the  preceding. 
The  metal  of  house-clock  bells  contains  a  little  more  tin  than  that  of  church-bells,  and  the 
bell  of  a  repeater  contains  a  little  zinc  in  addition  to  the  other  ingredients. 

The  bronze-founder  should  study  to  obtain  a  rapid  fusion,  in  order  to  avoid  the  causes 
of  waste  indicated  above.  Reverberatory  furnaces  have  been  long  adopted  for  this  opera- 
tion ;  and  among  these,  the  elliptical  are  the  best.  The  furnaces  with  spheroidal  domes 
are  used  by  the  bell-founders,  because  their  alloy  being  more  fusible,  a  more  moderate 
melting  heat  is  required ;  however,  as  the  rapidity  of  the  process  is  always  a  matter  of 
consequence,  they  also  would  find  advantage  in  employing  the  elliptical  hearths,  {see  the 
form  of  the  mel/ing  furnace,  as  figured  under  Smelling  of  copper  ores.)  Coal  is  now 
universally  preferred  for  fuel. 

The  alloy  of  100  of  copper  with  50  of  tin,  or  more  exactly  of  32  of  the  former  with 
14|  of  the  latter,  constitutes  speculum  metal,  for  making  mirrors  of  reflecting  telescopes. 
This  compound  is  nearly  white,  very  brittle,  and  susceptible  of  a  fine  polish  with  a  bril- 
liant surface.  The  following  compound  is  much  esteemed  in  France  for  making  specula. 
Melt  2  parts  of  pure  copper  and  1  of  grain-tin  in  separate  crucibles,  incorporate  thor- 
oughly with  a  wooden  spatula,  and  then  run  the  metal  into  moulds.  The  lower  surface 
is  the  one  that  should  be  worked  into  a  mirror. 

Mr.  Edwards,  in  the  Nautical  Almanack  for  1787,  gave  the  following  instructions  for 
making  speculum  metal. 

The  quality  of  the  copper  is  to  be  tried  by  making  a  series  of  alloys  with  tin,  in  the  pro- 
portion of  100  of  the  former  to  47,  to  48,  to  49,  and  to  50  of  the  latter  metal ;  whence 
the  proportions  of  the  whitest  compound  may  be  ascertained.  Beyond  the  last  proportion, 
the  alloy  begins  to  lose  in  brilliancy  of  fracture,  and  to  take  a  bluish  tint.  Having  deter- 
mined this  point,  take  32  parts  of  the  copper,  melt,  and  add  one  part  of  brass  and  as  much 
silver,  covering  the  surface  of  the  mixture  with  a  little  black  flux ;  when  the  whole  is 
melted,  stir  with  a  wooden  rod,  and  pour  in  from  15  to  16  parts  of  melted  tin  (as  indica- 
ted by  the  preparatory  trials),  stir  the  mixture  again,  and  immediately  pour  it  out  into 
cold  water.  Then  melt  again  at  the  lowest  heat,  adding  for  every  16  parts  of  the  com- 
pound 1  part  of  white  arsenic,  wrapped  in  paper,  so  that  it  may  be  thrust  down  to  the 
bottom  of  the  crucible.  Stir  with  a  wooden  rod  as  long  as  arsenical  fumes  rise,  and  then 
pour  it  into  a  sand  mould.  While  still  red  hot,  lay  the  metal  in  a  pot-full  of  very  hot  em- 
bers, that  it  may  cool  very  slowly,  whereby  the  danger  of  its  cracking  or  flying  into 
splinters  is  prevented. 

Having  described  the  different  alloys  of  copper  and  tin,  I  shall  now  treat  of  the  method 
of  separating  these  metals  from  each  other  as  they  exist  in  old  cannons,  damaged  bells, 
&c.  The  process  employed  on  a  very  great  scale  in  France,  during  the  Revolution,  for 
obtaining  copper  from  bells,  was  contrived  by  Fourcroy ;  founded  upon  the  chemical  fact 
that  tin  is  more  fusible  and  oxydizable  than  copper. 

1.  A  certain  quantity  of  bell-metal  was  completely  oxydized  by  calcination  in  a  rever- 
beratory furnace ;  the  oxyde  was  raked  out,  and  reduced  to  a  fine  powder. 

2.  Into  the  same  furnace  a  fresh  quantity  of  the  same  metal  was  introduced ;  it  was 
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toelled,  and  there  was  added  to  it  one  half  of  its  weight  of  the  oxyde  formed  in  the  first 
operation.  The  temperature  was  increased,  and  the  mixture  well  incorporated;  at  the 
end  of  a  few  hours,  there  was  obtained  on  the  one  hand  copper  almost  pure,  which  sub- 
sided in  a  liquid  state,  and  spread  itself  upon  the  sole  of  the  hearth,  while  a  compound 
of  oxyde  of  tin,  oxyde  of  copper,  with  some  of  the  earthy  matters  of  the  furnace,  collected 
on  the  surface  of  the  metallic  bath  in  a  pasty  form.  These  scoriae  were  removed  with  a 
rake,  and  as  soon  as  the  surface  of  the  melted  copper  was  laid  bare,  it  was  run  out.  The 
scoriae  were  levigated,  and  the  particles  of  metallic  copper  were  obtained  after  elutriation. 
By  this  process,  from  100  pounds  of  bell-metal,  about  50  pounds  of  copper  were  extracted, 
containing  only  one  per  cent,  of  foreign  matters. 

3.  The  washed  scoriae  were  mixed  with  |  their  weight  of  pulverized  charcoal;  the  mix- 
ture was  triturated  to  eflfect  a  more  intimate  distribution  of  the  charcoal ;  and  it  was  then 
put  into  a  reverberatory  hearth,  in  which,  by  aid  of  a  high  heat,  a  second  reduction  was 
effected,  yielding  a  fluid  alloy  consisting  of  about  60  parts  of  copper  and  20  of  tin;  while 
the  surface  of  the  bath  got  covered  with  new  scoriae,  containing  a  larger  proportion  of 
tin  than  the  first. 

4.  The  alloy  of  60  of  copper  with  40  of  tin  was  next  calcined  in  the  same  reverbera- 
tory furnace,  but  with  stirring  of  the  mass.  The  air,  in  sweeping  across  the  surface  of  the 
bath,  oxydized  the  tin  more  rapidly  than  the  copper ;  whence  proceeded  crusts  of  oxyde 
that  were  skimmed  off  from  time  to  time.  This  process  was  continued  till  the  metallic 
alloy  was  brought  to  the  same  standard  as  bell-metal,  when  it  was  run  out  to  be  subjected 
to  the  same  operations  as  the  metal  of  No.  1, 

The  layers  of  oxyde  successively  removed  in  this  way  were  mixed  with  charcoal,  and 
reduced  in  a  foumeati  a  manche,  or  Scotch  lead  smelting  furnace. 

I  shall  not  prosecute  any  further  the  details  of  this  complicated  process  of  Fourcroy ; 
because  it  has  been  superseded  by  a  much  better  one  contrived  by  M.  Breant.  He  em- 
ployed a  much  larger  quantity  of  charcoal  to  reduce  the  scoriae  rich  in  tin;  and  increased 
the  fusibility  by  adding  crushed  oyster-shells,  bottle  glass,  or  even  vitrified  scoriae,  ac- 
cording to  the  nature  of  the  substance  to  be  reduced ;  and  he  treated  them  directly  in  a 
reverberatory  furnace. 

The  metal,  thus  procured,  was  very  rich  in  tin.  He  exposed  it  in  masses  on  a  sloping 
hearth  of  a  reverberatory  furnace,  where,  by  a  heat  regulated  according  to  the  proportions 
of  the  two  metals  in  the  alloy,  he  occasioned  an  eliquation  or  sweating  out  of  the  tin.  Me- 
tallic drops  were  seen  to  transjiire  round  the  alloyed  blocks  or  pigs,  and,  falling  like  rain, 
flowed  down  the  sloping  floor  of  the  furnace;  on  whose  concave  bottom  the  metal  collect- 
ed, and  was  ladlud  out  into  moulds.  When  the  alloy,  thus  treated,  contained  lead,  this 
metal  was  found  in  the  first  portions  that  sweated  out.  The  purest  tin  next  came  forth, 
while  the  last  portions  held  more  or  less  copper  in  solution.  By  fractioning  the  products, 
therefore,  there  was  procured — 

1.  Tin  with  lead. 

2.  Tin  nearly  pure. 

3.  Tin  alloyed  with  a  little  copper. 

A  spongy  mass  remained,  exhibiting  sometimes  beautiful  crystallizations ;  this  mass, 
commonly  too  rich  in  copper  to  afford  tin  by  liquation,  was  treated  by  oxydizement.  In 
this  manner,  M.  Breant  diminished  greatly  the  reductions  and  oxydations ;  and  therefore 
incurred  in  a  far  less  degree  ihe  enormous  waste  of  tin,  which  flies  off  with  the  draught 
of  air  in  high  and  long-continued  heats.  He  also  consumed  less  fuel  as  well  as  labor, 
and  obtained  purer  products  of  known  composition,  ready  to  be  applied  directly  in 
many  arts. 

He  treated  advantageously  in  this  manner  more  than  a  million  of  kilogrammes  (1000 
tuns)  of  scoriae,  for  every  2  cwts.  of  which  he  paid  40  centimes  (four-pence),  while  sev- 
eral million  kilogrammes  of  much  richer  scoriae  had  been  previously  sold  to  other  refiners 
at  5  cen'imei  or  one  sous. 

I  have  said  that  the  ancients  made  their  tools  and  military  weapons  of  Bronze.  Sev- 
eral of  these  have  been  analyzed,  and  the  results  are  interesting. 

An  antique  sword,  found  in  1799,  in  the  peat  moss  of  the  Somme,  consisted  of  copper 
87-47;  tin  12-53,  in  100  parts. 

The  bronze  springs  for  the  balistae,  according  to  Philo  of  Byzantium,  were  made  of 
copper  97,  tin  3. 

Hard  and  brittle  nails  afforded  by  analysis,  92  of  copper,  and  8  of  tin. 

Of  three  antique  swords  found  in  the  environs  of  Abbeville,  one  was  found  to  consist 
of  85  of  copper  to  15  of  tin.  The  nails  of  the  handle  of  this  sword  were  flexible  ;  they 
were  composed  of  copper  95,  tin  5. 

Another  of  the  swords  consisted  of  90  of  copper  and  10  of  tin ;  and  the  third,  of  96 
copper,  with  4  tin. 

A  fragment  of  an  ancient  scythe  afforded  to  analysis  92'6  copper,  and  7-4  tin. 

The  process  of  coating  copper  with  tin,  exemplifies  tiie  strong  affinity  between  the 
two  metals.     The  copper  surface  to  be  tinned  is  first  cleared  up  with  a  smooth  sand- 
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stone ;  then  it  is  heated  and  rubbed  over  with  a  little  sal  ammoniac,  till  it  be  perfectly 
clean  and  bright :  the  tin,  along  with  some  pounded  rosin,  is  now  placed  on  the  copper, 
which  is  made  so  hot  as  to  melt  the  tin,  and  allow  of  its  being  spread  over  the  surface  with 
a  dossil  or  pad  of  tow.  The  layer  thus  fixed  on  the  copper  is  exceedingly  thin  ;  Bayen 
found  that  a  copper  pan,  9  inches  in  diameter  and  3|  inches  deep,  being  weighed  imme- 
diately before  and  after  tinning,  became  only  21  grains  heavier.  Now  as  the  area  tinned, 
including  the  bottom,  amounted  to  155  square  inches,  1  grain  of  tin  had  been  spread  over 
nearly  75  square  inches ;  or  only  20  grains  over  every  square  foot. 

Copper  and  Jlrsenic  form  a  white-colored  alloy,  sometimes  used  for  the  scales  of 
thermometers  and  barometers;  for  dials,  candlesticks,  &c.  To  form  this  compound,  suc- 
cessive layers  of  copper  clippings  and  white  arsenic  are  put  into  an  earthen  crucible; 
which  is  then  covered  with  sea  salt,  closed  with  a  lid,  and  gradually  heated  to  redness. 
If  2  parts  of  arsenic  have  been  used  with  5  of  copper,  the  resulting  compound  com- 
monly contains  one  tenth  of  its  weight  of  metallic  arsenic.  It  is  white,  slightly 
ductile,  denser,  and  more  fusible  than  copper,  and  without  action  on  oxygen  at  ordinary 
temperatures ;  but,  at  higher  heats,  it  is  decomposed  with  the  exhalation  of  arsenious 
acid.  The  white  copper  of  the  Chinese  consists  of  40*4  copper;  31-6  nickel;  25*4 
zinc;  and  26  iron.  This  alloy  is  nearly  silver  white;  it  is  very  sonorous,  well 
polished,  malleable  at  common  temperatures,  and  even  at  a  cherry  red,  but  very  brittle 
at  a  red-white  heat.  When  heated  with  contact  of  air,  it  oxydizes,  burning  with  a 
white  flame.  lis  specific  gravity  was  8-432.  When  worked  with  great  care,  it  may 
be  reduced  to  thin  leaves,  and  to  wires  as  small  as  a  needle.  See  German  Silver, 
infra. 

Tutena?,  formerly  confounded  with  while  copper,  is  a  different  composition  from  the 
above.  Keir  says  it  is  composed  of  copper,  zinc,  and  iron;  and  Dick  describes  it  as  a 
short  metal,  of  a  grayish  color,  and  scarcely  sonorous.  The  Chinese  export  it,  in  large 
quantities,  to  India. 

Copper,  Whitk,  or  German  silver.  M.  Gersdorf,  of  Vienna,  states,  that  the  propor- 
tions of  the  metals  in  this  alloy  should  vary  according  to  the  uses  for  which  it  is  destined. 
When  intended  as  a  substitute  for  silver,  it  should  be  composed  of  25  parts  of  nickel,  25 
of  zinc,  and  50  of  copper.  An  alloy  better  adapted  fo^rolling,  consists  of  25  of  nickel, 
20  of  zinc,  and  60  of  copper.  Castings,  such  as  candlesticks,  bells,  &c.,  may  be  made 
of  an  alloy,  consistina:  of  20  of  nickel,  20  of  zinc,  and  60  of  copper;  to  which  3  of  lead 
are  added.  The  addition  of  2  or  2^  of  iron  (in  ihe  shape  of  tin  plate  ?)  renders  the  pack- 
fong  much  whiter,  but,  at  the  same  time,  harder  and  more  brittle. 

Keferstein  has  given  the  following  analysis  of  the  genuine  German  silver,  as  made  from 
the  original  ore  found  in  Hildburghausen,  near  Suhl,  in  Henneberg: — 
Copper         -        -  -         40-4 

Nickel 31-6 

Zinc             ....        25-4 
Iron 2-6 


100-0 

Chinese  packfong,  according  to  the  same  authority,  consists  of  5  parts  of  copper,  alloy- 
ed with  7  parts  of  nickel,  and  7  parts  of  zinc. 

The  best  alloy  for  making  plummer  blocks,  bushes,  and  steps  for  the  steel  or  iron  gud- 
geons and  pivots  of  machinery  to  run  in,  is  said  to  consist  of  90  parts  of  copper,  5  of 
zinc,  and  5  of  antimony. 

A  factitious  protoxyde  of  copper,  of  a  fine  red  color,  may  be  made  by  melting  together, 
with  a  gentle  heat,  100  parts  of  sulphate  of  copper,  and  59  of  carbonate  of  soda  in  crys- 
tals, and  continuing  the  heat  till  the  mass  become  solid.  This  being  pulverized  and 
mixed  exactly  with  15  parts  of  copper  filings,  the  mixture  is  to  be  heated  to  whiteness,  in 
a  crucible,  during  the  space  of  20  minutes.  The  mass,  when  cold,  is  to  be  reduced  to 
powder,  and  washed.  A  beautiful  metallic  pigment  may  be  thus  prepared,  at  the  cost 
of  2s.  a  pound. 

All  the  oxydes  and  salts  of  copper  are  poisonous;  they  are  best  counteracted  by  ad- 
ministering a  large  quantity  of  sugar,  and  sulphureted  hydrogen  water. 

The  following  scientific  summary  of  copper  ores  in  alphabetical  order  may  prove  ac- 
ceptable to  many  readers,  amid  the  present  perplexing  distribution  of  the  native  metallic 
compounds  in  mineralogical  systems. 

1.     .^rseniaie  of  Copper. 

A.  Erinite,  rhomboidal  arseniate  of  copper,  micaceous  copper,  kupfer glimmer. 
Emerald  green:  specific  gravity  4*043;  scratches  calc-spar ;  yields  water  by  heat; 
fusible  at  the  blowpipe,  and  reducible  into  a  white  metallic  globule.  Soluble  in  nitric 
acid;  the  solution  throws  down  copper  by  iron.  It  consists  of  arsenic  acid  33*78; 
oxyde  of  copper  59*24;  water  5;  alumina  1*77.  It  is  found  in  Cornwall,  Ireland, 
Hungary. 

B.  Liroconite ;  octahedral  arseniate  of  copper ;  lens  ore,  so  called  from  the  flatness 
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of  the  crystal.  Blue;  specific  gravity  2-88;  scratches  calc-spar.  It  consists  of  arsenic 
acid  14 ;  oxyde  of  copper  49 ;  water  35.  It  is  found  in  Huel-Mutrel,  Huel-Gorland, 
Huel-Unity,  mines  in  Cornwall. 

C.  OUvmite;  right  prismatic  arseniate  of  copper;  olive-ore.  Dull  green;  specific 
gravity  4-28  ;  scratches  tluor  ;  yields  no  water  by  heat ;  fusible  at  the  blowpipe  into  a 
glassy  bead,  enclosing  a  white  metallic  grain.  It  consists  of  arsenic  acid  45,  oxyde  of 
copper  50'62.  It  aflfords  indications  of  phosphoric  acid,  which  the  analysts  seem  to  have 
overlooked.     It  occurs  in  the  above  and  many  other  mines  in  Cornwall. 

D.  jlphanese.  Trihedral  arseniate  of  copper.  Bluish  green,  becoming  gray  upon  the 
surface;  specific  gravity  4-28;  scarcely  scratches  calc-spar ;  yields  water  with  heat ;  and 
traces  of  phosphoric  acid. 

The  fibrous  varieties  called  wood  copper,  contain  water,  and  resemble  the  last  species 
in  composition. 

2.  Carbonate  of  Copper. 

A.  Jzurite  ;  kupferlazur.  Blue.  Crystallizes  in  oblique  rhomboidal  prisms ;  specific 
gravity  3  to  3-83 ;  scratches  calc-spar,  is  scratched  by  fluor;  yields  water  with  heat, 
and  blackens.  Its  constituents  are,  carbonic  acid  25-5;  oxyde  of  copper  69*1;  water 
5-4.  The  Chessy  and  Banat  azurite  is  most  profitably  employed  to  make  sulphate  of 
copper. 

B.  Malachite  ;  green  carbonate  or  mountain  green.  Crystallizes  in  right  rhomboidal 
prisms;  specific  gravity  3*5;  affords  water  with  heat,  and  blackens.  It  consists  of  car- 
bonic acid  18-5;  oxyde  of  copper  722;  water  9-3. 

C.  Mysorine  ;  anhydrous  carbonate  of  copper.  Dark  brown  generally  stained  green 
or  red  ;  conchoidal  fiacture;  soft,  sectile  ;  specific  gravity  2-62.  It  consists  of  carbonic 
acid  16'7;  oxyde  of  copper  60-75 ;  peroxyde  of  iron  19-5;  silica  2-10.  This  is  a  rare 
mineral  found  in  the  Mysore. 

3.  Chromate  of  Copper  and  Lead ;  vauquelinite.  Green  of  various  shades;  specific 
gravity  6-8  to  7*2;  brittle;  scratched  by  fluor  ;  fusible  at  the  blowpipe  with  froth  and 
the  production  of  a  leaden  bead.  It  consists  of  chromic  acid  28-33  ;  oxyde  of  lead  60-87  ; 
oxjde  of  copper  10-8.     It  occurs  at  Berezof  in  Siberia  along  with  chromate  oflead. 

4.  Dioptase ;  silicate  of  copper;  emerald  copper.  Specific  gravity  3-3  ;  scratches 
glass  with  difficulty  ;  affords  water  with  heat,  and  blackens  ;  infusible  at  the  blowpipe. 
It  consists  of  silica  43-18;  oxyde  of  copper  45-46;  water  11-36.  This  rare  substance 
comes  from  the  government  of  Kirsis. 

The  silicate  of  Dillenberg  is  similar  in  composition. 

5.  Gray  copper  ore  called  Panabase,  from  the  number  of  metallic  bases  which  it 
contains;  and  Fablerz.  Steel  gray  ;  specific  gravity  4-79  to  5- 10;  crystallizes  in  regular 
tetrahedrons;  fusible  at  the  blowpipe,  with  disengagement  of  fumes  of  antimony  and 
occasionally  of  arsenic;  swells  up  and  scorifies,  affording  copper  with  soda  flux.  Is  acted 
upon  by  nitric  acid  with  precipitation  of  antimony  ;  becomes  blue  with  ammonia ;  yields 
a  blue  precipitate  with  ferrocyanide  of  potassum  ;  as  alsoindications  frequently  of  zinc, 
mercury,  silver,  &c.  Its  composition  which  is  very  complex  is  as  follows  :  sulphur  26-83  ; 
antimony  12-46;  arsenic  10-19;  copper  40-60;  iron  4-66;  zinc  3-69;  silver  0-60. 
Some  specimens  contain  from  5  to  31  per  cent,  of  silver.  The  gray  copper  ores  are  very 
common;  inSaxony;  theHartz;  Cornwall;  at  Dillenberg;  in  Mexico;  Peru,  &c.  They 
are  important  on  account  both  of  their  copper  and  sUver.  Tcnnaniite  is  a  variety  of 
Fahlerz.  It  occurs  in  Cornwall.  Its  constituents  are,  sulphur  28*74 ;  arsenic  11-84; 
copper  45-32 ;  iron  9-26. 

6.  Hydratcd  silicate  of  Copper ;  or  Chrysocolla.  Green  or  bluish  green  ;  specific 
gravity  2-03  to  2-16;  scratched  by  sleel ;  very  brittle;  aflbrds  water  with  heat,  and 
blackens;  is  acted  upon  by  acids,  and  leaves  a  silicious  residuum.  Solution  becomes 
blue  with  ammonia.  Its  constituents  are  silica  26 ;  oxyde  of  copper  50 ;  water  17 ; 
carbonic  acid  7. 

7.  Muriate  of  Copper.  Gtakamite ;  green  ;  crystallizes  in  prisms ;  specific  gravity 
4'43.  Its  constituents  arc,  chlorine  15-90;  copper  14-22;  oxyde  of  copper  54-22;  water 
14*16;  oxyde  of  iron  1-50.  The  green  sand  of  Peru,  collected  by  the  inhabitants  of 
Atakama,  is  this  substance  in  a  decomposed  state. 

8.  Oxyde  of  Copper. 

A.  Black,  or  Melaconise  ;  a  black  earthy  looking  substance  found  at  Chessy  and 
other  places.     It  is  deutoxydc  of  copper. 

B.  Protoxyde  or  red  oxyde  of  copper ;  ziegelerz.  Crystallizes  in  the  regular  octahe 
dron  ;  specific  gravity  5-69  ;  scratches  calc-spar;  fusible  at  the  blowpipe  into  the  black 
oxyde ;  and  reducible  in  the  smoke  of  the  flame  to  copper ;  acted  upon  by  nitric  acid 
with  disengagement  of  nitrous  gas;  solution  is  rendered  blue  by  ammonia.  Its  constitu- 
ents are  oxygen  11*22  ;  copper  88*78.  It  occurs  near  Chessy,  and  upon  the  eastern  slope 
of  the  Altai  mountains. 

9.  Phosphate  of  Copper.  Dark  green;  crystallizes  in  octahedrons  ;  specific  gravity 
3*6  to  3*8  J    scratches  calc-spar ;   yields  water  with  heat ;    and  affords  metallic  coppei 
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with  soda  flux;  acted  on  by  nitric  acid.     Its  constituents  are,  phosphoric  acid  28*7; 
oxyde  of  copper  639 ;  water  7-4.     It  occurs  at  the  mines  of  Libethen  in  Hungary. 

10.  Pyritous  Copper ;  Kupferkies ;  a  metallic  looking  substance,  of  a  bronze-yellow 
color,  crystallizing  in  octahedrons  which  pass  into  tetrahedrons;  specific  gravity  4*16; 
fusible  at  the  blowpipe  into  beads  attractable  by  the  magnet,  and  which  afterwards 
afford  copper  with  a  soda  flux;  soluble  in  nitric  acid;  solution  is  rendered  blue  by  am- 
monia, and  aflbrds  an  abundant  precipitate  of  iron.  Its  composition  is,  sulphur  36 ; 
copper  34-5;  iron  30*5;  being  a  combined  sulphuret  of  these  two  metals.  This  is  the 
most  important  metallurgic  species  of  copper  ores.  It  occurs  chiefly  in  primitive  forma- 
tions, as  among  gneiss  and  mica  slate,  in  veins,  or  more  frequently  masses,  in  verj' 
many  parts  of  the  world — Cornwall,  Anglesea,  Wicklow,  &c.  It  is  found  among  the 
early  secondary  rocks,  in  Shetland,  Yorkshire,  Mannsfeldt,  &c.  The  finest  crystallized 
specimens  come  from  Cornwall,  Derbyshire,  Freyberg,  and  Saint  Marie-aux-Mines  in 
France. 

11.  Sekniale  of  Copper ;  Berzeline.  Is  of  metallic  aspect ;  silver  white;  ductile;  fusi- 
ble at  the  blowpipe  into  a  gray  bead,  somewhat  malleable;  is  acted  upon  by  nitric  acid; 
consists  of  selenium  40  ;  copper  64. 

12.  Sulphate  of  Copper ;  Cyanose.  Blue;  soluble,  &c.  like  the  artificial  sulphates, 
which  see. 

Brochantite  is  a  subsulphate  of  copper,  observed  in  small  crystals  at  Ekaterinenbourg 
in  Siberia. 

13.  Sulphuret  of  Copper ;  Kupferglanz.  Of  a  steel  gray  metallic  aspect;  crystallizes 
in  rhomboids ;  specific  gravity  5*69 ;  somewhat  sectile,  yet  brittle ;  fusible  with  intu- 
mescence at  the  blowpipe,  and  yields  a  copper  bead  with  soda ;  soluble  in  nitric  acid ; 
becomes  blue  with  ammonia,  but  lets  fall  scarcely  any  oxyde  of  iron.  Its  constituents 
are  sulphur  19;  copper  79*5;  ironO'75;  silica  l-OO.  It  occurs  in  small  quantities  in 
Cornwall,  &c. 

The  chemical  preparations  of  copper  which  constitute  distinct  manufactures  are.  Blue 
or  Roman  vitriol ;  for  which  see  Sulphate  of  Copper ;  Scheele's  green  and  Schweinurth 
green,  Verditer,  and  Verdigris.     See  these  articles  in  their  alphabetical  places. 

COPPER,  Statistics  of. — Copper  ores  may  be  imported  into  Great  Britain  for  smelt- 
ing, from  any  country,  and  under  any  flag.  On  arrival  of  the  cargo  at  Swansea  or 
elsewhere,  a  bond  is  given  at  the  Custom-house,  which  binds  the  party  to  return  the 
quantity  of  copper  which  the  lot  of  ores  shall  be  ascertained  to  contain,  into  bond  within 
a  limited  period,  or  pay  thereon  the  duty  as  foreign  copper,  which  is  271.  per  ton.  The 
cargo  of  ore  is  then  weighed  out  by  the  custom-house  officer,  and  samples  are  taken, 
which  are  sent  to  two  assay-masters  in  Cornwall,  the  highest  produce  of  the  two  being 
entered  as  that  of  the  cargo.  This  fixes  the  quantity  of  copper  that  must  be  exported 
under  the  bond. 

The  copper  produced  from  foreign  ores  must  then  flnd  a  market,  as  cake  or  pig  copper, 
in  France,  Holland,  Germany,  Italy,  the  United  States  of  America,  &c.  At  Calcutta,  it 
is  subject  to  a  duty  of  6  per  cent. ;  and  at  Bombay,  to  a  duty  of  10  per  cent,  ad  valorem. 

The  export  of  British  unwrought  copper  to  the  continent  of  Europe,  and  to  the  United 
States  of  America,  was  formerly  inconsiderable.  These  countries  drew  the  bulk  of 
their  supplies  either  from  the  north  of  Europe,  or  direct  from  South  America  in  pig  cop- 
per. In  point  of  fact,  the  copper  derived  from  the  import  of  foreign  ores  for  smelting 
has  produced  for  itself  a  new  market,  as  the  following  table,  taken  from  the  official 
returns,  will  show. 

Export  of  unwrought  copper  from  Great  Britain  to  all  parts,  except  Asia : — 
Years  ending  January  5,       1830  881  tons. 

—  1831        857  — 

—  1832       1326  — 

—  1833       2471  — 

—  ■   1834       2523  — 

—  1835      3267  — 

—  1836       4083  — 

—  1837       2546  — 

In  the  last  year,  that  ended  with  5th  January,  1838,  the  export  of  unwrought  copper 
was  about  5000  tons. 

Let  any  candid  and  practical  man  consider  attentively  this  table,  and  compare  it  with 
the  import  of  foreign  ores  for  the  same  period,  and  with  the  gradual  advance  in  the 
value  of  copper ;  and  then  let  him,  if  he  can,  avoid  the  conclusion  that  the  admission  of 
foreign  ores  for  smelting  was  a  great  boon  conferred  upon  the  British  copper  mines,  for 
it  made  this  country  what  it  now  is,  the  regulator  and  distributor  of  the  copper  produce 
of  the  world — the  country  to  which  all  others  consuming  and  not  producing  copper, 
must  look  for  a  regular,  certain,  and  economical  supply.  We  want  the  admission  merely 
under  proper  and  safe  regulations,  of  foreign  copper  for  refining,  to  draw  to  this  country 
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.he  whole  supply  of  copper  for  the  world,  by  which  prices  would  be  regulated  and  main 
tainedj  and  our  copper-mining  interests  put  beyond  the  reach  of  successful  rivalry. 

This  country  did  not  furnish  any  supply  of  unwrought  copper  to  the  continent  ol 
Europe,  or  to  the  United  States  of  America,  which  was  worthy  of  notice,  before  the  yeai 
1830 ;  in  fact,  previous  to  that  time,  we  imported  considerable  quantities  of  foreign 
copper  for  re-exportation  to  India.  It  is  easy  to  explain  how  the  produce  of  foreign 
ores,  being  prohibited  from  export  in  any  other  shape,  has,  in  fact,  opened  for  itself  a 
new  debouche,  and  this  is  illustrated  by  the  table,  showing  the  growth  of  the  export  ot 
unwrought  copper  from  1830.  To  prove  that  this  is  not  merely  a  simultaneous  advance 
in  the  export  of  all  sorts  of  copper,  a  corrected  table  is  subjoined  from  the  official  returns, 
comprising  the  whole  export,  and  divided  so  as  to  illustrate  the  operation  of  the  coppei 
produce  of  foreign  ores  upon  our  foreign  copper  trade. 


Copper  exported :— 


Years  ending 

Wrought. 

Unwrought. 

Total. 

To  all  parts. 

To  India. 

To  all  parts. 

To  all  parts. 

Tons. 

Tons. 

Tons. 

Tons. 

5th  January,  1825  -    -    - 

- 

- 

960 

1826  -    -    - 

— 

— 

1 

2 

1827  -    -    - 

_ 

_ 

130 

1828  -    -    - 

_ 

_ 

1329 

1829  -    -    - 

_ 

_ 

1079 

1830  -    -    - 

5327 

1801 

2682 

8,009 

1831  -    -    - 

6172 

2317 

3J50 

9,322 

1832  -    -    - 

5171 

2423 

3714 

8,885 

1833  -    -    - 

5855 

2312 

4569 

10,424 

1834  -    -    - 

5417 

1769 

4019 

9,436 

1835  -    -    - 

4787 

2104 

5283 

10,072 

1836  -    -    - 

5948 

1993 

5935 

11,883 

1837  -    -    - 

6105 

1588 

3909 

10,014* 

Production  of  Copper  in  Great  Britain  ; 


Years. 

Ores. 

Metal. 

Tons. 

Tons. 

1771—1781 

28,185 

3380 

1781—1791 

32,854 

4123 

1791—1801 

48,034 

4083 

1801—1811 

67,533 

6060 

1811—1816 

78,237 

7181 

1816 

83,058 

7045 

1817 

75,016 

6608 

1818 

80,525 

6714 

1819 

92,234 

7214 

1820 

92,672 

7364 

1821 

98,803 

8163 

1822 

106,723 

9331 

1826 

128,459 

— 

1827 

— 

12,381 

1828 

153,600 

12,169 

1829 

— 

11,994 

1830 

— 

13,097 

1831 

— 

14,480 

1832 

— 

14,463 1 

*  Supplement  to  the  Mining  Joomal,  Feb.  28,  1838. 
t  Taylor's  Records  of  Mining,  Part  I.,  p.  171. 
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Quantity  of  Copper  produced  in  the  several  districts  of  Great  Britain  and  Ireland  : — 


With  Ores  from— 

1828. 

1829. 

1830. 

1831. 

1832. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Cornwall   -        -        -        - 

1966 

9763 

10,890 

12,218 

12,099 

Devonshire     -        -        - 

434 

318 

368 

312 

249 

Other  parts  of  England 

71 

36 

10 

31 

42 

Island  of- Anglesea  - 

738 

901 

815 

809 

852 

Other  parts  of  Wales  - 

259 

172 

237 

123 

237 

Ireland   -        -        -        - 

706 

790 

768 

972 

974 

Isle  of  Man        -        -        . 
j  Total  copper  from  the  ores 

— 

4 

9 

15 

12 

of  the  United  Kingdom    - 

12,169 

11,994 

13,097 

14,480 

14,465 

Copper  smelted  from  foreign 

ores    -        -        -        - 
General  total      -        -        . 

12,169 

30 

124 
13,221 

100 

56 
14,521 

12,024 

14,580 

Statistics  of  Copper  for  Cornwall  in  1837. — The  total  quantity  of  ore  sold  was  142,089 
)ons  (of  21  cwts.),  yielding  an  average  produce  of  eight  per  cent. ;  the  quantity  of  fine 
k'opper  being  11,209  tons  1  cwt. ;  and  the  average  price  of  the  ore  bl.  lbs.  Gd.;  the 
total  amount  of  the  sales  for  the  twelve  months  being  822,516/.  The  standard  upon 
the  5th  of  January  was  127/,  16*. ;  this  was  the  highest  for  the  year.  Upon  the  22d  of 
June  it  was  at  the  lowest,  being  only  93/.  18*.  It  went  up  again  to  120/.  10*.  upon  the 
5th  of  October ;  but  declined  with  some  slight  fluctuation  to  107/.  IS*,  upon  the  28th 
of  December.  The  largest  quantity  sold  at  any  one  ticketing  was  4670  tons,  upon  the 
4th  of  May :  and  the  smallest  1088,  upon  the  17th  of  August.  The  highest  produce 
was  nine  and  five  eighths  per  cent,  upon  the  13th  of  July;  and  the  lowest,  seven,  upon 
the  26th  of  January.  The  greatest  weekly  total  was  25,887/.,  upon  the  2d  of  Novem- 
ber ;  and  the  least  5694/.,  upon  the  17th  of  August.  The  average  sum  per  week  was 
15,817/.* 


Table  of  the  produce  of  Copper  Ores  and  fine  Metal  in  Cornwall,  from  1800  to  1830. 


Years. 

Ores. 

Metal. 

Value  of  Ore. 

Metal. 

Average  Standard. 

Tons  of  21  Cwts. 

Tons.     Cwt. 

Per  Cent,  of  Ore. 

Price  per 

Ton. 

£           s. 

d. 

£        s. 

d. 

1800 

55,981 

5187      0 

550,925    0 

0 

n 

133     3 

6 

1801 

56,611 

5268     0 

476,331     0 

0 

9i 

117     8 

0 

1802 

53,937 

5228  15 

445,094     0 

0 

9f 

110  18 

0 

1804 

64,637 

5374  18 

507,840  11 

0 

8| 

136     5 

U 

1806 

79,269 

6863  10 

730,845     6 

0 

8| 

138     5 

0 

1808 

67,867 

6795  13 

495,303  10 

0 

10 

100     7 

0 

1810 

66,048 

5682  19 

570,035     8 

0 

8| 

132     5 

0 

1812 

71,547 

6720     7 

549,665     6 

0 

91 

111     0 

0 

1814 

74,322 

6369  13 

627,501  10 

0 

8i 

130  12 

0 

1816 

77,334 

6697     4 

447,959  17 

0 

8f 

98  13 

0 

1818 

86,174 

6849     7 

686,005     4 

0 

n 

134  15 

0 

1820 

91,473 

7508     0 

602,441   12 

0 

8| 

113  15 

0 

1822 

104,523 

9140    8 

663,085  13 

0 

8f 

104     0 

0 

1824 

99,700 

7823  15 

587,178    0 

0 

n 

110     0 

0 

1826 

117,308 

9026  12 

788,971   15 

0 

n 

123     3 

0 

1828 

130,366 

9921     1 

756,174  \& 

0 

7f 

112    7 

0 

1829 

124,502 

9656  10 

717,334     0 

0 

n 

109  14 

0 

1830 

143,296 

11,224  19 

887,900     0 

0 

7| 

114    4 

0 

1834 
1835 

\  150,617 

12,271  14 

893,402  15 

0 

8| 

106  11 

0 

*  Mining  Review,  Feb.  28, 1838. 


346 


COPPER. 


Produce  of  Copper  Mines  in  Cornwall,  (on  the  authority  of  John  Taylor,  Esq.,F.R.S.) 


Years. 

Ore. 
Tons. 

Metal. 

Value. 

Produce. 

Standard. 

Tons. 

£           s. 

d. 

Per  Cwt. 

1831 

144,402 

12,044 

806,090  15 

6 

8i 

100 

1832 

137,357 

11,948 

825,612     6 

0 

8| 

100 

1833 

138,300 

11,191 

858,708  10 

0 

8| 

111 

1834 

143,296 

11,226 

887,902    0 

0 

7| 

114 

1835 

150,617 

12,270 

893,402  14 

0 

8* 

106 

1836 

140,981 

11,647 

957,752    8 

6 

H 

115 

1837 

140,753 

10,832 

908,613  15 

0 

7f 

120 

An  account  of  the  quantities  of  Foreign  wrought  and  unwrought  Copper,  and  Copper 
Ore  imported  and  exported,  and  of  British  wrought  and  iinwrought  Copper  exported  from 
the  United  Kingdom  ;  together  with  the  quantities  and  value  of  Copper  Ore  smelted  in 
Cornwall  and  Swansea,  and  the  quantity  of  Copper  produced  in  those  places;  and  in  the 
county  of  Devon ;  together  with  the  market  prices  of  sheet  and  cake  Copper,  in  the 
year  ending  5th  January,  1835. 


Foreign  Copper  imported : 

Unwrought  in  bricks  or  pigs,  rose  and  cast  copper,  Cwts. 
Part  wrought,  viz.,  bars,  rods,  or  ingots,  hammered 
or  raised  -------- 

Wrought  plates  and  coin      ----- 

—      old  for  re-manufacture   -        -        -        - 

Copper  ore  Foreign      ------ 

Manufactures  of  copper,  entered  by  weight  - 

—  entered  at  value 
Foreign  copper  exported,  viz  : — 

Unwrought,  in  bricks  and  pigs,  rose  and  cast  cop- 
per   Cwts. 

Part  wrought,  viz.,  bars,  rods,  or  ingots,  hammered 
or  raised  -------- 

Old,  fit  only  for  re-manufacture    -        -        -        - 

Smelted  in  the  United  Kingdom  from  foreign  ore    - 
Manufactures  of  copper,  entered  by  weight  - 

—  entered  at  value 


Cwis. 


-  Tons 


Tons 
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Exported,  unwrought,  in  bricks  and  pigs 
—       wrought  sheets,  nails,  &c. 

—  wire  -        -        - 

—  of  other  sorts 
Total  of  British  copper  exported    - 

Ores  sold  in  Cornwall : — 

Quantity  of  ore   -        -  -  - 

Value  of  ditto      -        .  -  - 

Quantity  of  metal        .  -  - 

Standard      -        .        -  -  - 

Produce  per  cent.         -  -  . 
Ores  sold,  &c.  in  Swansea: — 

Quantity  of  ore   -        -  -  - 

Value  of  ditto      -        -  -  - 

Quantity  of  metal        .  .  - 

Standard      -         -         -  -  - 

Produce  per  cent.         .  .  - 

Copper  sold  in  Devonshire    <       .  , 

Total  quantity  of  copper  raised  in  the  United  Kingdom,  ^ 
exclusive  of  Anglesea  and  Staffordshire,  and  deducting  ! 
1083  tons  of  mefal,  value  88,207/.,  the  produce  of  4985  j 
tons  of  foreign  ore  sold  at  Swansea,  included  above,       J 


-  Tons 


-  Tons 


-  Tons 


Quantity. 


5,389 

1,968 

2 

493 

278,900 

650 


6,898 

2,013 

265 

55,456 

650 


63,252 

103,433 

56 

15,197 
182,225 

150,617 

12,270 


14,474 


£      s.    d. 


5,353    0    0 


112    0    0 


893,403  0  0 

106  11  0 

223,958  0  0 

101  18  0 
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COPPERAS.    (Couperose  verte,  Fr. ;  Eisenvifnol,  Germ.)    Sulphate  of  iron. 

CORAL  (Corail,  Fr. ;  Koralle,  Germ.)  is  a  calcareous  substance,  formed  by  a 
species  of  sea  polypus,  which  constructs  in  concert  immense  ramified  habitations,  consist- 
ing of  an  assemblage  of  small  cells,  each  the  abode  of  an  animal.  The  coral  is  therefore 
a  real  polypary,  which  resembles  a  tree  stripped  of  its  leaves.  It  has  no  roots,  but  a  foot 
not  unlike  a  hemispherical  scull-cap,  which  applies  closely  to  every  point  of  the  surface 
upon  which  it  stands,  and  is  therefore  difficult  to  detach.  It  merely  serves  as  a  basis  or 
support  to  the  coral,  but  contributes  in  no  manner  to  its  growth,  like  the  root  of  an  ordi- 
nary tree ;  for  detached  pieces  have  been  often  found  at  the  bottom  of  the  sea  in  a  state 
of  increase  and  reproduction.  From  the  above  base  a  stem  usually  single  proceeds,  which 
seldom  surpasses  an  inch  in  diameter,  and  from  it  a  small  number  of  branches  ramify  in 
very  irregular  directions,  which  are  studded  over  with  cells,  each  containing  an  insect. 
The  polypi,  when  they  extend  their  arms,  feelers,  or  tenlacula,  resemble  flowers,  whence, 
as  well  as  from  the  form  of  the  coral,  they  were  classed  among  vegetable  productions. 
They  are  now  styled  zoophiles  by  the  writers  upon  Natural  History. 

The  finest  coral  is  found  in  the  Mediterranean.  It  is  fished  for  upon  the  coasts  of 
Provence,  and  constitutes  a  considerable  branch  of  trade  at  Marseilles.  The  coral  is  at- 
tached to  the  submarine  rocks,  as  a  tree  is  by  its  roots,  but  the  branches,  instead  of 
growing  upwards,  shoot  downwards  towards  the  bottom  of  the  sea;  a  conformation 
favorable  to  breaking  them  oft'  and  bringing  them  up.  For  this  kind  of  fishing,  eight 
men,  who  are  excellent  divers,  equip  a  felucca  or  small  boat,  called  commonly  a  coral- 
line. They  carry  with  them  a  large  wooden  cross,  with  strong,  equal,  and  long  arms, 
each  bearing  a  stout  bag-net.  They  attach  a  strong  rope  to  the  middle  of  the  cross, 
and  let  it  down  horizontally  into  the  sea,  having  loaded  its  centre  with  a  weight  sufficient 
to  sink  it.  The  diver  follows  the  cross,  pushes  one  arm  of  it  after  another  into  the  hol- 
lows of  the  rocks,  so  as  to  entangle  the  coral  in  the  nets.  Then  his  comrades  in  the  boat 
pull  up  the  cross  and  its  accompaniments. 

Coral  fishing  is  nearly  as  dangerous  as  pearl  fishing,  on  account  of  the  number  of  sharks 
which  frequent  the  seas  where  it  is  caxried  on.  One  would  think  the  diving-bell  in  its 
now  very  practicable  state  might  be  employed  with  great  advantage  for  both  purposes. 

Coral  is  mostly  of  a  fine  red  color,  but  occasionally  it  is  flesh-colored,  yellow,  or  white. 
The  red  is  preferred  for  making  necklaces,  crosses,  and  other  female  ornaments.  It  is 
worked  up  like  precious  stones.     See  Lapidary. 

CORK  (Liege,  Fr. ;  Kork,  Germ.)  is  the  bark  of  the  quercus  liber,  Linn.,  a  species  of 
oak-tree,  which  grows  abundantly  in  the  southern  provinces  of  France,  Italy,  and  Spain. 
The  bark  is  taken  off  by  making  coronal  incisions  above  and  below  the  portions  to  be 
removed  ;  vertical  incisions  are  then  made  from  one  of  these  circles  to  another,  whereby 
the  bark  may  be  easily  detached.  It  is  steeped  in  water  to  soften  it,  in  order  to  be  flat- 
tened by  pressure  under  heavy  stones,  and  next  dried  at  a  fire  which  blackens  its  surface. 
The  cakes  are  bound  up  in  bales  and  sent  into  the  market. 

There  are  two  sorts  of  cork,  the  white  and  the  black ;  the  former  grows  in  France  and 
the  latter  in  Spain.  The  cakes  of  the  white  are  usually  more  beautiful,  more  smooth, 
lighter,  freer  from  knots  and  cracks,  of  a  finer  grain,  of  a  yellowish  gray  color  on  both 
sides,  and  cut  more  smoothly  than  the  black.  When  this  cork  is  burned  in  close  vessels 
it  forms  the  pigment  called  Spanish  black. 

This  substance  is  employed  to  fabricate  not  only  bottle  corks,  but  small  architectural 
and  geognostic  models,  which  are  very  convenient  from  their  lightness  and  solidity. 

The  cork-cutters  divide  the  boards  of  cork  first  into  narrow  fillets,  which  they  after 
wards  subdivide  into  short  parallelepipeds,  and  then  round  these  into  the  proper  conical 
or  cylindrical  shape.  The  bench  before  which  they  work  is  a  square  table,  where  4 
workmen  are  seated,  one  at  every  side,  the  table  being  furnished  with  a  ledge  to  prevent 
the  corks  from  falling  pver.  The  cork-cutter's  knife  is  abroad  blade,  very  thin, and  fine 
edged.  It  is  whetted  from  time  to  time  upon  a  fine-grained  dry  whetstone.  The  work- 
man ought  not  to  draw  his  knife  edge  over  the  cork,  for  he  would  thus  make  misses,  and 
might  cut  himself,  but  rather  the  cork  over  the  knife  edge.  He  should  seize  the  knife 
with  his  left  hand,  rest  the  back  of  it  upon  the  edge  of  the  table,  into  one  of  the  notches 
made  to  prevent  it  from  slipping,  and  merely  turns  its  edge  sometimes  upright  and  some- 
times to  one  side.  Then  holdinsr  the  squared  piece  of  cork  by  its  two  ends,  between  his 
finger  and  his  thumb,  he  prescats  it  in  the  direction  of  its  length  to  the  edge  ;  the  cork  is 
now  smoothly  cut  into  a  rounded  form  by  being  dexterously  turned  in  the  hand.  He  next 
cuts  off"  the  two  ends,  when  the  cork  is  finished  and  thrown  into  the  proper  basket  along- 
side, to  be  afterwards  sorted  by  women  or  boys. 

Of  late  years  a  much  thicker  kind  of  cork  boards  have  been  imported  from  Catalonia, 
from  which  longer  and  better  corks  may  be  made.  In  the  art  of  cork-cutting  the  French 
surpass  the  English,  as  any  one  may  convince  himself  by  comparing  the  corks  of  their 
champagne  bottles  with  those  made  in  this  country. 

Cork,  on  account  of  its  buoyancy  in  water,  is  extensively  employed  for  making  floats 
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to  fishermen's  nets,  and  in  the  construction  of  life-hoats.    Its  impermeability  to  water  has 
led  to  its  employment  for  inner  soles  to  shoes. 

When  cork  is  rasped  into  powder,  and  subjected  to  chemical  solvents,  such  as  alcohol, 
&c.,  it  leaves  70  per  cent,  of  an  insoluble  substance,  called  suberine.  When  it  is  treated 
with  nilric  acid,  it  yields  the  following  remarkable  products: —  White  fibrous  matter 
0-18,  resin  14'72,  oxalic  acid  16-00,  suberic  acid  (peculiar  acid  of  cork)  14-4  in  100 
parts. 

Machine  cork-culling.  —  A  patent  was  obtained  some  years  ago  by  Sarah  Thomson  for 
this  purpose.  The  cutting  of  the  cork  into  slips  is  eifected  by  fixing  it  upon  the  sliding 
bed  of  an  engine,  and  bringing  it,  by  a  progressive  motion,  under  the  action  of  a  circular 
knife,  by  which  it  is  cut  into  slips  of  equal  widths.  The  nature  or  construction  of  a 
machine  to  be  used  for  this  purpose  may  be  easily  conceived,  as  it  possesses  no  new  me- 
chanical feature,  except  in  its  application  to  cutting  cork.  The  motion  communicated 
to  the  knife  by  hand,  steam,  horse,  or  other  power,  moves  at  the  same  time  the  bed  also, 
which  carries  the  cork  to  be  cut. 

The  second  part  of  the  invention,  viz.,  that  for  separating  the  cork  into  square  pieces, 
after  it  has  been  cut  into  slips  as  above,  is  effected  by  a  moving  bed  as  before,  upon  which 
the  slips  are  to  be  placed  and  submitted  to  the  action  of  a  cutting  lever,  which  may  be 
regulated  to  chop  the  cork  into  pieces  of  any  given  length. 

The  third  part  of  the  invention,  viz.,  that  for  rounding  or  finishing  the  corks,  consists 
of  an  engine  to  which  is  attached  a  circular  knife  that  turns  vertically,  and  a  carriage  or 
frame  upon  its  side  that  revolves  upon  an  axle  horizontally. 

This  carriage  or  frame  contains  several  pairs  of  clamps,  intended  respectively  to  hold 
a  piece  of  the  square  cut  cork  by  pressing  it  at  the  ends,  and  carrying  it  lengthways  per- 
pendicularly ;  which  clamps  are  contrived  to  have  a  spindle  motion,  by  means  of  a  pinion 
at  the  lower  end  of  their  axles,  working  into  a  spur-wheel. 

The  machinery,  thus  arranged,  is  put  in  motion  by  means  of  bands  and  drum-wheels, 
or  any  other  contrivance  which  may  be  found  most  eligible ;  and  at  the  same  time  that 
the  circular  knife  revolves  vertically,  the  frame  containing  the  clamps  with  the  pieces  of 
cork,  turns  horizontally,  bringing  the  corks,  one  by  one,  up  to  the  edge  of  the  knife,  when, 
to  render  each  piece  of  cork  cylindrical,  the  clamps,  as  above  described,  revolve  upon  their 
axes,  independently  of  their  carriage,  by  which  means  the  whole  circumference  of  the 
cork  is  brought  under  the  action  of  the  knife,  the  superfluous  parts  are  uniformly  pared 
off,  and  the  cork  is  finished  smooth  and  cylindrical. 

CORROSIVE  SUBLIMATE  ;  bichloride  of  mercury. 

CORUNDUM  ;  or  Telesie ;  a  very  hard  genus  of  aluminous  minerals,  to  which  the 
gems,  sapphire,  ruby,  salamstein,  and  adamantine  spar  belong. 

COTTON  DYEING.  (Teinture  de  Cotcm,  Fr. ;  BaumwolUnfdrberei,  Germ.) 
Cotton  and  linen  yarns  and  cloths  have  nearly  the  same  affinity  for  dyes,  and 
may  therefore  with  propriety  be  treated,  in  this  respect,  together.  After  they  have 
acquired  the  proper  degree  of  whiteness  (see  Bleaching),  they  are  still  unfit  to 
receive  and  retain  the  dyes  in  a  permanent  manner.  It  is  necessary,  before  dipping 
them  into  the  dye-bath,  to  give  them  a  tendency  to  condense  the  coloring  particles 
within  their  cavities  or  pores,  and  to  communicate  such  chemical  properties  as  will 
fix  these  particles  so  that  they  will  not  separate,  to  whatever  ordinary  trial  they  may 
be  subjected.  All  the  colors  which  it  would  be  desirable  to  transfer  to  these  stuffs  unfor- 
tunately do  not  possess  this  permanence.  Men  of  science  engaged  in  this  important  art  have 
constantly  aimed  at  the  discovery  of  some  new  processes  which  may  transfer  into  the  class 
of  fast  colors  those  dyes  which  are  at  present  more  or  less  fugitive.  Almost  all  the 
goods  manufactured  of  cotton,  flax,  or  hemp,  are  intended  to  be  washed,  and  ought, 
therefore,  to  be  so  dyed  as  to  resist  the  alkaline  and  soapy  solutions  commonly  used  in 
the  laundry.  Vitalis  distinguished  dyed  cottons  into  three  classes;  1.  the  fugitive,  or 
fancy-colored  (pe/it  teint),  which  change  their  hue  or  are  destroyed  by  one  or  two 
boils  with  soap ;  2.  those  which  resist  five  or  six  careful  washings  with  soap,  are  good  dyes, 
(ban  teint) ;  and  those  which  were  still  more  durable,  such  as  Turkey  reds,  may  be  called 
fast  colors  {grand  feint).  The  colors  of  Brazil-wood,  logwood,  annotto,  safflower,  &,c., 
axe  fugitive  ;  those  made  with  madder  without  an  oily  base,  are  good ;  and  those  of  mad- 
der with  an  oily  mordant,  are  fast.  It  is,  however,  possible  to  point  out  certain  processes 
for  giving  these  different  orders  of  dyes  a  greater  degree  of  fixity. 

I  shall  describe,  in  the  five  following  paragraphs,  the  operations  conducive  to  the  fix- 
ation of  colors  upon  cotton  and  linen. 

1.  Galling.  Either  gall-nuts  alone,  or  sumach  alone,  or  these  two  substances  united, 
are  employed  to  give  to  cotton  the  fast  dye  preparation.  2  or  3  ounces  of  galls  for  every 
pound  of  cotton,  being  coarsely  pounded,  are  to  be  put  into  a  copper  containing  about 
30  gallons  of  water  for  every  100  pounds  of  cotton,  and  the  bath  is  to  be  boiled  till  the  bits 
of  galls  feel  pasty  between  the  fingers.  The  fire  being  withdrawn,  when  the  bath  becomes 
moderately  cool,  it  is  passed  through  a  hair-cloth  sieve.      If  during  this  operation  the 
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liquor  should  become  cold,  it  must  be  made  once  more  as  hot  as  the  hand  can  bear.  A 
portion  of  it  is  now  transferred  into  another  vessel,  called  a  back,  in  which  the  cotton  is 
worked  till  it  be  well  penetrated  with  the  decoction.  It  is  then  taken  out,  wrung  at  the 
peg  or  squeezed  in  a  press,  and  straightway  hung  up  in  the  drying-house.  Some  more 
of  the  fresh  decoction  being  added  to  the  partially  exhausted  liquor  in  the  back,  the  pro 
cess  is  resumed  upon  fresh  goods. 

The  manipulation  is  the  same  with  sumach,  but  the  bath  is  somewhat  differently  made ; 
because  the  quantity  of  sumach  must  be  double  that  of  galls,  and  must  be  merely  infused 
in  very  hot  water,  without  boiling.  When  galls  and  sumach  are  both  prescribed,  their 
baths  should  be  separately  made  and  mixed  together. 

2.  jlluming.  Alum  is  a  salt  which  serves  to  prepare  cotton  for  receiving  an  indefinite 
variety  of  dyes.  Its  bath  is  made  as  follows  :  For  100  pounds  of  scoured  cotton,  about 
30  gallons  of  water,  being  put  into  the  copper,  are  heated  to  about  122°  F.,  when  4  ounces 
of  alum,  coarsely  pounded,  are  thrown  in  fbr  every  pound  of  cotton,  and  instantly  dis- 
solved. Whenever  the  heat  of  the  bath  has  fallen  to  about  98°  F.,  the  cotton  is  Avell 
worked  in  it,  in  order  that  the  solution  may  thoroughly  penetrate  all  its  pores.  It  is  then 
taken  out,  wrung  at  the  peg  or  squeezed  in  the  press,  and  dried  in  the  shade.  The  solu- 
tion of  alum  is  of  such  constant  employment  in  this  kind  of  dyeing,  that  it  should  be 
made  in  large  quantities  at  a  time,  kept  in  the  alum  tun,  where  it  can  suffer  no  deteriora- 
tion, and  drawn  off  by  a  spigot  or  stop-cock  as  wanted. 

There  are  certain  colors  which  require  alum  to  be  deprived  of  a  portion  of  its  acid  ex- 
cess, as  a  supersalt;  which  may  be  done  by  putting  1  ounce  of  crystals  of  soda  into  the 
tun  for  every  pound  of  alum.  But  so  much  soda  should  never  be  used  as  to  cause  any 
permanent  precipitation  of  alumina.  When  thus  prepared,  it  is  called  saturated  alum, 
though  it  is  by  no  means  neutral  to  litmus  paper ;  bat  it  crystallizes  differently  from  ordi- 
nary alum. 

Cotton  does  not  take  up  at  the  first  aluming  a  sufficient  quantity  of  alum  ;  but  it  must 
receive  a  second,  or  even  a  third  immersion.  In  every  case  the  stuff  should  be  thoroughly 
dried,  with  an  interval  of  one  or  two  days  between  each  application  ;  and  it  may  even  be 
left  for  10  or  12  hours  moist  with  the  alum  bath  before  being  hung  in  the  air.  When 
the  cotton  is  finally  dry,  it  must  be  washed  before  being  plunged  into  the  dye  bath ;  other- 
wise, the  portion  of  alum  not  intimately  combined  with  the  cotton,  but  adhei-ing  exter- 
nally to  its  filaments,  would  come  off  by  the  heat,  mix  with  the  bath,  alter  the  color 
by  dissolving  in  it,  and  throw  it  down  to  the  bottom  of  the  copper,  in  the  form  of  a  lake, 
to  the  great  loss  of  the  dyer.  Madder  reds,  weld  yellows,  and  some  other  colors  are 
more  brilliant  and  faster  when  acetate  of  alumina,  prepared  with  acetate  of  lead,  alum, 
and  a  little  potash,  is  used,  than  even  saturated  alum.  This  mordant  is  employed  cold, 
and  at  4°  Baume. 

3.  Mordants.     See  this  article  in  its  alphabetical  place. 

4.  Dye  baths  are  distinguished  into  two  classes ;  the  coloring  bath,  and  the  dyeing  bath. 
The  former  serves  to  extract  the  coloring  matters  of  the  different  substances,  with  the 
exception  of  madder,  which  is  always  used  in  substance,  and  never  as  an  extract,  infu- 
sion, or  decoction.  In  all  these  cases,  when  the  color  is  extracted,  that  is,  when  the  dye 
bath  is  completed  by  the  degree  of  heat  suited  to  each  substance,  it  is  then  allowed  to 
cool  down  a  certain  way,  and  the  cotton  is  worked  or  winced  through  it,  to  get  the  wished- 
for  tint.  This  is  what  is  called  the  dye  bath.  Several  coloring  baths  are  made  in  the 
cold;  and  they  serve  to  dye  also  in  the  cold  ;  but  the  greater  part  require  a  heat  of  90°  or 
100°  to  facilitate  the  penetration  of  the  stuff's  by  the  coloring  particles.  The  description 
of  the  several  dye  baths  is  given  under  the  individual  dyes. 

5.  Of  the  washing  after  the  dyeing. — The  washing  of  the  cottons  after  they  have  re- 
ceived the  dyes,  is  one  of  the  most  important  operations  in  the  business.  If  it  is  not  care- 
fully performed,  the  excess  of  color  not  combined  with  the  fibres  is  apt  to  stain  whatever 
it  touches.  This  inconvenience  would  be  of  little  consequence,  if  the  friction  carried 
off  the  color  equally  from  all  the  points ;  but  it  does  not  do  so,  and  hence  the  surface  ap- 
pears mottled.  A  well-planned  dye  house  should  be  an  oblong  gallery,  with  a  stream  of 
water  flowing  along  in  an  open  conduit  in  the  middle  line,  a  series  of  dash-wheels  ar- 
ranged against  the  wall,  at  one  side,  and  of  dyeing  coppers,  furnished  with  self-acting 
winces  or  reels  against  the  other.  In  such  a  gallery,  the  washing  may  be  done  either  by 
hand,  by  the  rinsing  machine,  or  by  the  dash-wheel,  according  to  the  quality  of  the  dye, 
and  the  texture  of  the  stuffs.  And  they  may  be  stripped  of  the  water  either  by  the  jack 
and  pin,  by  the  squeezing  roller,  or  by  the  press.  Wooden  pins  are  placed  in  some  dye 
houses  on  each  side  of  the  wash  cistern  or  pool.  They  are  somewhat  conical,  I5  foot 
high,  3|  inches  in  diameter  at  the  base,  IJ  at  the  top,  are  fixed  firmly  upright,  and  at  a 
level  of  about  3  feet  above  the  bottom  of  the  cistern,  so  as  to  be  handy  for  the  workmen. 
See  Brazil-wood,  Fustic,  Madder,  Black  Dye,  Brown  Dye,  &c.,  as  also  Bleaching, 
Bran,  Calico  Printing,  Dunging,  Dyeing,  &c. 

COTTON    MANUFACTURE.      {Filature    de    Colon,    Fr. ;    Baumwollenspinnerie, 
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Germ.)  Cotton  is  a  filamentous  down,  which  invests  the  seeds  of  the  plant  called  gos- 
sypium  by  Linnseus,  and  placed  hy  him  in  the  class  monadelphia,  and  order  monandria, 
but  belonging  to  the  natural  family  of  malvacece.  It  has  a  cup-shaped  calyx,  obtusely 
five-toothed,  enclosed  in  a  three-cleft  exterior  calyx  ;  the  leaflets  are  united  at  their  base, 
of  a  heart  shape,  and  toothed ;  stigmas  three  to  five ;  capsule  three  to  five  celled  and 
many  seeded ;  seeds  bearing  a  downy  wool.  Thirteen  species  are  described  by  Decan- 
doUe,  but  their  characters  are  very  uncertain,  and  no  botanist  can  assign  to  a  definite 
species  of  the  plant,  the  very  dissimilar  staples  of  the  cotton  filaments  found  in  commerce. 
The  leaves  are  generally  palmate  and  hairy;  and  the  blossoms  are  large,  and  of  a  beau- 
tiful yellow.  The  gossypiurn  religiosum  of  Tranqnebar  has  white  blossoms  in  some  of 
its  varieties,  to  which  probably  the  white  cotton  of  Rome,  cultivated  in  the  Jardin  des 
Plantes  at  Paris,  belongs.  The  filaments  difl'er  in  length,  flexibility,  tenacity,  and  thick- 
ness, in  different  cottons,  whence  the  great  differences  of  their  value  to  the  cotton-spin- 
ner, as  the  prices  current  in  the  market  show.  Thus,  at  Liverpool,  on  the  1st  of  Decem- 
ber, 1835,  the  following  values  were  assigned  to  the  following  cottons : — 

Sea-island  .  -  -  - 

Demarara  and  Berbice  ... 

Pernambuco  -  -  .  . 

Egyptian  .  -  .  -  - 

New  Orleans  -  -  -  - 

Bahia  .  -  .  -  - 

Upland  Georgia  .... 

West  Indian  .  .  .  - 

Surat  .  .  .  .  - 

Madras  .  .  .  -  - 

Bengal  ....  - 

But  it  is  to  be  observed,  that  there  are  varieties  of  the  Sea-island  Georgian  cotton,  si. 
highly  prized  by  the  spinner  of  fine  yam,  as  to  fetch  3s.,  4s.,  or  even  5*.  per  pound. 

The  filaments  of  cotton,  when  examined  with  a  good  microscope,  are  seen  to  be  more 
or  less  riband-like,  and  twisted  ;  having  a  breadth  varying  from  — 1_  of  an  inch  in  the 
strongest  Smyrna  or  candle-wick  cotton  of  the  Levant,  to  g^^^  of  an  inch  in  the  finest 
Sea-island. 

The  main  distinction  between  cottons  in  the  pod,  is  that  of  the  black  seeded  and  the 
green  seeded ;  for  the  former  part  with  their  downy  wool  very  readily  to  a  pair  of  simple 
rollers,  made  to  revolve  nearly  in  contact,  by  the  power  of  the  human  arm ;  while  the 
latter  retain  the  wool  with  much  force,  and  require  to  be  ginned,  as  the  operation  is 
called,  by  a  powerful  revolving  circular  saw-mechanism,  usually  driven  by  horse  or  water 
power.  After  the  cotton  wool  is  thus  separated  from  the  seeds,  it  is  packed  in  large 
canvass  bags,  commonly  with  the  aid  of  a  screw  or  hydraulic  press,  into  a  very  dense 
bale,  for  the  convenience  of  transport.  Each  of  the  American  bags  contains  about  340 
lbs.  of  cotton  wool.  When  this  cotton  is  delivered  to  the  manufacturer,  it  is  so  foul  and 
flocky,  that  he  must  clean  and  disentangle  it  with  the  utmost  care  before  he  can  subject 
it  to  the  carding  operation. 

317  Fig.  317,  A  B,  is  a  roller,  about  9  inches  in  diameter, 

which  revolves  in  the  direction  of  the  arrow.  This 
cylinder  consists  of  a  parallel  series  of  oblique  pointed 
circular  saws  made  fast  to  one  axis,  and  parted  from 
each  other  by  wooden  rings  nearly  one  inch  and  a  half 
in  thickness.  Above  the  cylinder,  is  a  kind  of  hopper 
E  F,  into  which  the  ginner  throws  the  seed  cotton,  which 
falls  upon  a  grating,  up  through  which  small  segments 
of  the  saw-teeth  project,  so  as  to  lay  hold  of  the  fibres  in  their  revolution,  and  pull  them 
through,  while  the  seeds,  being  thus  separated,  roll  down  the  slope  of  the  grid,  to  be 
discharged  from  the  spout  i  k.  m  is  a  cylindrical  brush  placed  below  the  grating, 
which  revolves  against  the  saw-teeth,  so  as  to  clear  them  of  the  adhering  cotton 
filaments. 

The  willow,  which  was  originally  a  cylindrical  willow  basket,  whence  its  name,  but  is 
now  a  box  made  of  wood,  with  revolving  iron  spikes,  is  the  first  apparatus  to  which 
cotton  wool  is  exposed,  after  it  has  been  opened  up,  picked,  and  sorted  by  hand  or  a 
rake,  in  what  is  called  a  bing.  The  willow  exercises  a  winnowing  action,  loosens  the 
large  flocks,  and  shakes  out  much  of  the  dirt  contained  in  them.  The  frame  of  the 
willow  is  about  2  feet  wide,  and  turns  with  its  spikes  at  the  rapid  rate  of  600  revolutions 
per  minute,  whereby  it. tosses  the  cotton  about  with  great  violence.  The  heavy  im- 
purities fall  down  through  the  grid  bottom.  It  is  exposed,  however,  for  only  a  few 
minutes  to  the  action  of  this  machine.  For  factories,  which  work  up  chiefly  the  coarser 
and  fouler  cottons  of  India,  and  Upland  Georgia,  the   conical  self-acting  willow,  as 
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constructed  by  Mr.  Lillie  at  Manchester,  is  much  employed.  In  it,  the  cotton  is  put  in  at 
the  narrow  end  of  the  truncated  cone,  which,  being  spiked,  and  revolving  rapidly  within 
a  nearly  concentric  case  upon  a  horizontal  axis,  wafts  it  on  towards  the  wide  end,  while 
its  impurities  are  partly  shaken  out  through  the  grid  or  perforated  bottom,  and  partly 
sucked  up  through  revolving  squirrel  wire  cages,  by  the  centrifugal  action  of  a  fan.  This 
is  a  powerful  automatic  engine,  deserving  the  study  of  the  curious,  and  is  as  safe  as  it  is 
powerful.  The  cone  of  this  huge  machine  makes  from  400  to  600  turns  per  minute,  and 
will  clean  7200  pounds,  or  24  bags,  in  a  day. 

After  shaking  out  the  grosser  impurities  by  the  willow,  the  cotton  spinner  proceeds 
to  separate  each  individual  filament  of  cotton  wool  from  its  fellow,  so  as  to  prepare  it 
for  carding,  and  to  free  it  from  every  particle  of  foreign  matter,  whether  lighter  or 
heavier  than  itself.  This  second  operation  is  performed  by  what  are  called  batting 
(beating),  scutching,  and  blowing  machines,  which  are  all  now  much  the  same,  what- 
ever difference  of  signification  the   name  may  have.     Indeed,  each   machine  not  only 

beats,  scutches,  but  blows.  Fig.  318  ex- 
hibits a  longitudinal  section  of  a  good 
blowing  engine  of  modern  construction. 
The  machine  is  about  18  or  19  feet  long, 
and  three  feet  across  within  the  case.  The 
whole  frame  is  made  of  cast-iron,  lined 
with  boards,  forming  a  close  box,  which  has 
merely  openings  for  introducing  the  raw 
cotton  wool,  for  taking  out  the  cleansed 
wool,  and  removing  the  dust  as  it  collects 
at  the  bottom.  These  doors  are  shut  du- 
ring the  operation  of  the  machine,  but  may 
be  opened  at  pleasure,  to  allow  the  interior 
to  be  inspected  and  repaired. 

The  introduction  of  the  cotton  is  effected 
by  means  of  an  endless  cloth  or  double 
apron,  which  moves  in  the  direetion  of 
the  arrow  a  a,  at  the  left  end  of  the  figure, 
by  passing  round  the  continually  revolving 
rollers  at  b  and  c.  The  two  rollers  at  e, 
being  the  ones  which  immediately  intro- 
duce the  cotton  into  the  jaws,  as  it  were, 
of  the  machine,  are  called  the  feed  rollers. 
The  batting  arm,  or  revolving  diameter, 
fe,  turns  in  the  direction  of  the  arrow,  and 
strikes  the  flocks  violently  as  they  enter,  so 
as  to  throw  down  any  heavy  particles  upon 
the  iron  grating  or  grid  at  m,  while  the 
light  cotton  filaments  are  wafted  onwards 
with  the  wind,  from  the  rotation  of  the 
scutcher  in  the  direction  of  arrow  a',  along 
the  second  travelling  apron,  upon  which  the 
squirrel  cage  cylinder  presses,  and  applies 
the  cotton  in  the  form  of  a  lap.  Above  the 
cylindric  cage  h,  which  turns  in  the  di- 
rection of  its  arrow,  there  is  a  pipe  k,  the 
continuation  of  the  case  i.  This  pipe, 
though  broken  off  in  the  figure,  com- 
municates by  a  branch  pipe  with  an  air- 
sucking  fan  ventilator,  not  seen  in  this 
figure,  but  explained  under  Foundry.  The 
cage  h,  by  its  rotation,  presses  down,  as  we 
have  said,  the  half-cleaned  cotton  upon  the 
cloth  a',  which  carries  it  forward  to  the 
second  scutcher  /',  by  the  second  set  of 
feed  rollers  e'.  The  second  scutcher  throws 
down  the  heavy  dust  upon  the  second 
grid  n',  through  which  it  falls  upon  the 
bottom  of  the  case.  The  first  scutcher 
makes  about  1280  strokes  of  each  of  its 
two  arms  in  a  minute ;  the  second  1300. 
The  feed  rollers  for  each  are  fluted.  The  feed  cloth  is  either  sustained  by  a  board,  or 
is  made  of  parallel  spars  of  wood,  to  secure  it  against  bagging,  which  would  render  the 
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delivery  of  the  cotton  irregular.  The  feed  rollers  make  8  turns  in  the  minute ;  and  as 
their  diameter  is  I5  inches,  they  will  introduce  8  times  their  circumference,  or  37*7  inches 
of  the  cotton  spread  upon  the  apron  in  that  time.  Upon  every  12th  part  of  an  inch  of 
the  cotton,  therefore,  nearly  3  blows  of  the  scutcher  a^m  will  be  applied.  The  second 
feed  rollers  move  relatively  wiih  more  slowness,  so  fhat  for  every  2*4  blows  of  the 
scutcher,  only  one  twelfth  of  an  inch  of  cotton  wool  is  presented. 

The  fan  is  enclosed  in  a  cylindrical  case.  The  wings  or  vanes  revolve  from  120  to 
150  timies  in  the  minute  ;  and  while  they  throw  the  air  out  with  nearly  this  velocity 
at  their  eccentric  outlet  in  the  circumference,  they  cause  it  to  enter,  with  equal  ve- 
locity, at  the  centre.  With  this  centre  the  squirrel  cage  is  connected  by  a  pipe,  as  above 
„^Q  1 1  .»  stated.     The  sound  filaments  of 

'  ''^'^'^  the   cotton   are   arrested   by    the 

sieve  surface  of  the  cylindric  cage, 
and  nothing  but  the  broken  frag- 
ments and  the  light  dust  can  pass 
through. 

The  cotton  wool  in  the  blowing 
machine  is  wafted  by  the  second 
scutcher  into  the  space  x,  w,  w, 
provided  with  a  fine  grid  bottom ; 
or  it  is  sometimes  wound  up  there 
by  rollers  into  a  lap. 

In  fig.  318  an  additional  venti- 
lator is  introduced  beneath  at  m, 
0,  0,  to  aid  the  action  of  the 
scutchers  in  blowing  the  cotton 
onwards  into  the  oblong  trough 
a.  The  outlet  of  that  fan  is  at 
t ;  and  it  draws  in  the  air  at  its 
axis  q.  u  and  v  are  two  doors 
or  lids  for  removing  the  cleaned 
cotton  wool.  This  last  fan  is 
suppressed  in  many  blowing  ma- 
chines, as  the  scutching  arms 
supply  a  sufficient  stream  of  air. 
The  dotted  lines  show  how  the 
motion  is  transmitted  from  the 
first  mover  at  s,  to  the  various 
parts  of  the  machine.  6'  6'  rep- 
resent the  bands  leading  to  the 
main  shafting  of  the  mill.  A 
machine  of  this  kind  can  clean 
fully  600  pounds  of  short-stapled 
cotton  wool  in  a  day,  with  the 
superintendence  of  one  operative, 
usually  a  young  woman,  to  dis- 
tribute the  cotton  upon  the  first 
feed  cloth. 

The  second  Blowing  machine 
is  usually  called  a  lap  machine, 
because,  after  blowing  and  scutch- 
ing the  cotton,  as  above  described, 
it  eventually  coils  the  fleece  upon 
a  wooden  roller  at  the  delivering 
end  of  the  apparatus.  It  is  some- 
times, also,  called  a  spreading 
machine.  A  section  of  it  is 
shown  in  fig.  319.  The  breadth 
of  this  machine  is  about  3  feet,  as 
the  lap  formed  is  prepared  for 
the  usual  breadth  of  the  breaker 
cards,  namely,  3  feet.  Where  the 
cards  are  only  18  inches  broad, 
the  lap  machine  is  also  made  of 
the  same  breadth.  In  the  figure  we  see  the  feed-cloth,  the  scutching  barrel,  the 
squirrel  suction,  and  spreading  cage,  and  the  rollers  for  coiling  up  the  lap.  The 
lever  shown   below  is  for    removing   the   pressure  weight   from    the  axis  of  the  lap 
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rollers,  when  a  full  one  is  to  be  removed,  and  replaced  by  an  empty  one.  m,  at  the  top, 
is  the  commencement  of  the  pipe  which  leads  to  the  suction  fan,  or  ventilator.  The 
thickness  of  the  lap  in  this  machine  must  be  nicely  regulated,  as  it  determines,  in  a 
great  measure,  the  grist  of  tlie  card-ends,  and  even  the  rovings.  In  12  hours  such  a  lap 
machine  will  prepare  650  pounds  of  cotton. 

Fig.  320  is  the  first  scutching  machine,  now  never  seen  except  in  the  oldest  factories. 
A  B  is  the  feed  cloth ;  g  h  and  m  n  are  the  two  scutcher  frames. 


Carding  is  the  next  operation  in  a  cotton  factory.  Cards  are  destined  to  disentangle 
the  individual  filaments  from  each  other,  and  to  lay  them  lengthwise,  instead  of  being 
doubled  up  and  convoluted,  as  they  usually  are  in  leaving  the  blowing  and  lap 
machines.  Carding  consists  in  the  mutual  action  of  two  opposite  surfaces,  which  are 
studded  thick  with  oblique  angled  hooks.  The  wires  of  which  these  hooks  are  made  must 
be  very  hard  drawn  in  order  to  render  them  stiff  and  elastic.  The  middle  part  of  the 
figures  shows  one  of  the  staples  or  double  teeth,  the  structure  of  which  has  been  partly 
321  322 


explained  under  Card.  Suppose  a,  fig.  321,  to  be  a  piece  of  a  card  fillet,  and  b  to  be 
another  piece,  each  being  made  fast  with  pins  to  a  board ;  the  teeth  of  these  two  cards 
are  set  in  opposite  directions,  but  are  very  near  together,  and  parallel.  Now  suppose 
a  flock  or  tuft  of  cotton  placed  between  two  such  bristling  surfaces.  Let  a  be  moved 
in  the  direction  of  its  arrow,  and  let  6  be  moved  in  the  opposite  direction,  or  even  let  it 
remain  at  rest.  Every  filament  of  the  cotton  will  be  laid  hold  of  by  each  set  of  teeth, 
when  their  surfaces  are  thus  drawn  over  each  other;  the  teeth  of  a  will  pull  them  in  a 
forward  direction,  while  those  of  b  will  tend  to  retain  them,  or  to  pull  them  backwards. 
The  loops  or  doublings  will,  by  both  movements,  be  opened  or  drawn  out,  so  that  the 
flocks  will  be  converted  into  rows  of  parallel  filaments,  lying  alongside  or  before  each 
other.  Each  tooth  will  secure  to  itself  one  or  more  of  them,  and  by  the  friction  of  its 
sides,  as  well  as  the  hooks  of  its  points,  will  draw  them  to  their  utmost  elongation. 
Though  one  stroke  of  the  opposite  cards  be  inadequate  to  produce  this  equable  arrange- 
ment, yet  many  repeated  strokes  must  infallibly  accomplish  the  end  in  view,  of  laying 
the  fibres  parallel. 

Let  us  suppose  this  end  effected,  and  that  all  the  fibres  have  been  transferred  to  the 
card  a,  a  transverse  stroke  of  6  will  draw  over  to  it  a  certain  number  of  them,  and  in- 
deed at  each  stroke  there  will  be  a  new  partition  between  the  two  cards,  with  increased 
parallelism,  but  still  each  card  will  retain  a  great  deal  of  the  cotton.  To  make  one 
card  strip  another,  the  teeth  of  one  of  them  must  be  placed  in  a  reverse  position,  as 
shown  in  fig.  322. 

If  a  be  now  drawn  in  the  direction  of  its  arrow  along  the  face  of  b,  it  will  inevitably 
comb  out  all,  or  almost  all,  the  filaments  from  it,  since  the  hooks  of  6  have,  in  this  po- 
sition, no  power  of  retaining  them.  Even  the  doubled  fibres  or  loops  Avill  slip  over  the 
sloping  point  of  b,  in  obedience  to  the  traction  of  a.  By  considering  these  two  relative 
positions  of  the  cards,  which  take  place  in  hand  cards,  simply  by  reversing  one  of  them 
any  person  will  be  able  to  understand  the  play  of  a  cylinder  card  against  its  flat  top,  or 
against  another  cylinder  card,  the  respective  teeth  being  in  what  we  may  call  the  teasing 
position  of  _/ig.  321;  and  also  the  play  of  a  cylinder  card  against  the  dofier  cylinder, 
in  what  may  be  called  the  stripping  position  of  Jig.  322. 

Cylinder  cards,  so  essential  to  the  continuity  and  despatch  of  cotton  factory  labor, 
were  the  ingenious  invention  of  Lewis  Paul  of  Northampton,  but  were  greatly  improved 
and  brought  into  nearly  their  present  operative  state  by  Sir  Richard  Arkwright.    A 
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carding  engine  consists  of  one  or  more  cylinders,  covered  wilh  card-leatlier  (sometimes 
called  ^card  cloth),  and  a  set  of  plane  surfaces  similarly  covered,  made  to  work  against 
each  other,  but  so  that  their  points  do  not  come  into  absolute  contact.  Some  cards 
consist  entirely  of  cylinders,  the  central  main  cylinder  being  surrounded  by  a  series  of 
smaller  ones  called  urchins  or  squirrels.  These  are  used  solely  for  preparing  the  coarser 
stapled  cotton,  and  sheep's  wool  for  the  wool  spinner. 

Fig.  323  represents  a  card  of  excellent  construction,  which  may  be  called  a  breaker 
and  finisher,  as  it  is  capable  of  working  up  the  fleece  roll  of  the  lapping  machine  di- 
rectly into  a  card-end  or  riband  fit  for  the  drawing  machine.  In  fine  spinning  mills 
there  are  always,  however,  two  cards ;  one  coarser,  called  a  breaker,  which  turns  off 


the  cotton  in  a  broad  fleece  of  extreme  thinness,  which  is  lapped  round  a  cylinder  ; 
and  constitutes  the  material  presented  to  the  finisher  card,  which  has  teeth  of  a  finei 
construction. 

a  is  one  of  the  two  upright  slots,  which  are  fixed  at  each  side  of  the  engine  for  re- 
ceiving the  iron  gudgeons  of  the  wooden  cylinders  round  which  ihe  fleece  of  the  lapping 
machine  is  rolled.  The  circumference  of  this  coil  rests  upon  a  roller  b,  which  is  made  to 
turn  slowly  in  such  a  direction  as  to  aid  the  unfolding  of  the  lap  by  the  fluted  cylinders 
e.  The  lap  proceeds  along  the  table  seen  beneath  the  letter  c,  in  its  progress  to  the  fluted 
rollers,  which  are  an  inch  and  one  sixth  in  diameter,  and  have  28  fluiinijs  in  their  cir- 
cumference, g  is  a  weight  which  hangs  upon  the  axis  of  the  upper  roller,  and  causes 
it  to  press  upon  the  under  one  :  f  is  the  main  card  drum ;  g  g  g,  the  arch  formed  by 
the  flat  top  cards;  h,  the  small  card  cylinder  tor  stripping  off  the  cotton,  and  therefore 
called  the  dofi"er,  as  we  have  said  ;  «',  the  dofler-knife  or  comb  for  stripping  the  fleecy 
web  from  the  doffer;  klq  ni,  the  lever  mechanism  for  moving  these  parts.  At  d  there  is" 
a  door  for  permitting  the  tenter  to  have  access  to  the  interior  of  the  engine,  and  to  re- 
move whatever  dirt,  &c.  may  happen  to  fall  into  it.  In  fig.  324  we  see  the  manner  of  fix- 
ing the  flat  tops  g  g  over  the  drum ;  and  for  making  the  matter  clearer,  three  of  the  tops 
are  removed.  Upon  the  arched  cast-iron  side  of  the  frame,  a  row  of  strong  iron  pins  k 
are  made  fast  in  the  middle  line ;  and  each  top  piece  has,  at  each  of  its  ends,  a  hole, 
which  fits  down  upon  two  such  opposile  pins.  /  /  are  screws  whose  heads  serve  as 
supports  to  the  tops,  by  coming  into  contact  with  the  bottom  of  the  holes,  which  are  not 
of  course  bored  through  the  wood  of  the  tops.  By  turning  llie  heads  of  these  screws  a 
little  the  one  way  or  the  other,  the  pins  may  be  lengthened  or  shortened  in  any  degree, 
so  as  to  set  the  tops  very  truly  in  adjustment  with  the  drum  teeth  revolving  beneath 
them,  h'  is  the  small  runner  or  urchin,  and  i'  the  large  runner;  both  of  which  are 
spirally  covered  from  end  to  end  with  narfow  card  fillets  in  the  same  manner  as  the 
doffer.  The  main  drum  is  on  the  contrary  covered  with  card  cloth,  in  strips  laid  on 
parallel  to  its  axis,  with  interjacent  parallel  smooth  leather  borders.  The  teeth  of  these 
several  cards  are  set  as  represented  in  the  figure,  and  their  cylinders  revolve  as  the  arrows 
indicate.  The  runners  as  well  as  the  dofl^er  cylinder  may  be  set  nearer  to  or  farther 
from  the  drum  /;  but  the  screws  intended  for  this  adjustment  are  omitted  in  the  draw- 
ings, to  avoid  confusion  of  the  lines. 

Tlie  card-end  or  fleece  taken  oft"  the  doffer  h  by  the  crank  and  comb  mechanism  i  k  m, 
passes  through  the  tin  plate  or  brass  funnel  w,^g.  323,  whereby  it  is  hemmed  in  and 
contracted  into  a  riband,  which  is  then  passed  through  between  a  pair  of  drawing  roll- 
ers 0.  It  is  next  received  by  the  rollers  u  v,  which  carry  it  off'  with  equable  velocity, 
and  let  it  fall  into  the  tin  cans  placed  below,  or  conduct  it  over  a  friction  pulley,  to  be 
wound  along  with  many  other  card-ends  upon  a  lap  roller  or  large  bobbin.  The  latter 
mechanism  is  not  shown  in  this  figure.    A  sloping  curved  tin  or  brass  plate,  channelled  or 
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ridged  alons;  its  surface,  conducts  the  card  ribands  separately ;  there  are  two  smooth 
iron  rollers  for  condensing  the  several  ribands,  and  a  wooden  pin  round  which  the  ribands 
.tre  lapped,  resting  between  two  leather-covered  rollers,  one  of  which  receives  motion 


from  mill  gearing,  and  imparts  it  by  friction  to  the  lap  roller  over  it.  The  iron  ends  of 
the  lap  roller  lie  in  upright  slots,  which  allow  them  freedom  to  rise  as  the  roller  gets 
filled  with  fleece. 

The  two  pairs  of  rollers  at  o  effect  the  extension  of  the  card-end,  and  reduce  its  size. 
The  under  rollers  are  made  of  iron  and  fluted ;  the  upper  ones  are  also  made  of  iron, 
but  they  are  covered  with  a  coat  of  leather,  nicely  glued  on  over  a  coat  of  flannel,  which 
two  coats  render  them  both  smooth  and  elastic.  Two  weights,  w,  press  the  upper  cylin- 
ders steadily  down  upon  the  under  ones.  Between  the  first  and  second  pair  there  is  a 
certain  interval,  which  should  be  proportioned  to  the  length  of  the  cotton  §taple.  The 
second,  or  that  furthest  from  the  funnel,  revolves  with  greater  velocity  than  the  first,  and 
therefore  turns  out  a  greater  length  of  riband  than  it  receives  from  its  fellow ;  the  con- 
sequence is  a  corresponding  extension  of  the  riband  in  the  interval  between  the  two  pairs 
of  rollers. 

The  motions  of  the  several  parts  of  the  engine  are  effected  in  the  following  way.  The 
band,^  p,fig-  324,  which  comes  down  from  the  pulley  upon  the  main  shaft  near  the  ceiling 
of  the  work-room,  drives,  by  means  of  the  pulley  q,  the  drum  f,  Jig.  323,  with  a  velocity 
of  from  f20  to  140  revolutions  in  a  minute.  From  another  pulley  r,  on  the  axis  of  the 
drum,  the  axis  of  t  is  driven  by  the  band  s  working  round  the  pulley  /  on  its  end.  This 
shaft  drives  the  crank  and  lever  mechanism  of  the  stripper  knife  i.  A  third  pulley  of  the 
same  size  as  r  is  fixed  just  within  the  frame  to  the  other  end  of  the  drum,  and  from  it  a 
crossed  or  close  band  ?'  goes  to  a  pulley  upon  the  small  runner  h',  to  give  this  its  rapid 
rotation.  Upon  the  opposite  end  of  the  engine  in  Jig.  323,  these  wheels  and  pulleys 
are  marked  with  dotted  lines.  Here  we  may  observe,  first,  a  pulley  y  upon  the  drum,  and 
a  pulley  a',  which  receives  motion  from  it  by  means  of  the  band  z.  The  axis  of  a' 
carries  in  front  a  pinion  ?«',  which  sets  in  motion  the  wheel  n'.  The  latter  imparts  mo- 
tion, by  means  of  a  pinion  and  intermediate  wheel  o',  to  the  wheel  h  on  the  doffer 
cylinder,  and  consequently  to  that  cylinder  on  the  one  hand ;  and  it  turns,  by  the  carrier 
wheel  p',  a  wheel  x,  whose  axis  is  marked  also  with  x  in  fig.  323,  upon  the  other 
Aand.  The  axis  of  x',fig.  323,  carries,  towards  the  middle  of  the  engine,  a  very  broad 
wheel,  which  is  represented  by  a  small  dotted  circle.  The  toothed  wheel  v  of  the  smooth 
toller  v',fig.  323,  and  the  two  toothed  wheels  o  o,  fig.  324,  of  the  under  rollers  o  o,  fig. 
323,  work  into  that  broad  wheel.  The  wheel  of  the  second  or  delivery  fluted  roller  is 
seen  to  be  smaller  than  that  of  the  first,  by  which  means  the  difference  of  their  velocities 
is  obtained.  The  large  runner  i  is  driven  from  the  main  drum  pulley,  by  means  of  the 
band  s',  and  the  pulley  m',  fig.  323.  The  said  band  is  crossed  twice,  and  is  kept  in  ten- 
sion by  the  pulley  t',  round  which  it  passes.  The  motion  of  the  fluted  rollers  e,  which 
feed  in  the  cotton  fleece,  is  efifected  by  means  of  a  bevel  wheel  b'  on  the  end  of  the  doffer, 
which  works  into  a  similar  wheel  c'  on  the  oblique  axis  d'  (dotted  lines  across  the  drum), 
of  the  pinion  e'  upon  the  lower  end  of  the  same  axis  which  turns  the  wheel  /',  upon  the 
tinder  feed  roller. 

Each  of  the  feed  rollers,  ^ig.  324,  bears  a  pinion  e  e  at  one  end,  so  that  the  upper  roller 
turns  round  with  the  under  one.    The  roller  b,fig.  323,  is  set  in  motion  by  means  of 
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its  wheel  x' ;  which  is  driven  by  a  wheel  v'  on  the  other  end  of  the  under  feed  roller, 
through  the  intervention  of  the  large  carrier  wheel  w'.  The  original  or  first  motion  of 
h  must  be  as  quick  as  that  of  the  fluted  feed  rollers  e,  in  order  that  the  former  may  uncoil 
as  much  lap  as  the  latter  can  pass  on. 

The  annexed  table  exhibits  the  proper  velocities  of  the  different  cylinders  and  rollers 
of  the  carding  engine,  which,  however,  are  not  invariable,  but  may  be  modified  according 
to  circumstances,  by  changing  the  pinions"~e',_/tg.  323,  and  w',  according  to  the  quality  or 
length  of  the  cotton  staple.  The  velocities  stated  in  the  table  will  be  obtained  when  the 
pulley  a',  fi^.  323,  is  made  greater  than  y  in  the  proportion  of  3  to  2,  and  the  wheels 
and  pinions  have  the  following  number  of  teeth  :  m',  18;  n',  50;  its  pinion,  18;  h,  128; 
.T,  24 ;  the  broad  wheel  upon  the  shaft  of  x,  37  teeth ;  the  wheel  o  of  the  first  fluted 
roller,  35;  that  of  the  second,  21 ;  v,  44  ;  b'  and  e',  54  ;  e',  10;  /',  63. 


Diameter  in 

Circumference 

Revolutions  in 

Names  of  the  parts. 

inches. 

ill  inches. 

one  minute. 

Velocity. 

Drum  / 

35 

109-9 

130 

142-87 

Dofi'er  h        -        -        -        - 

14 

43-96 

4-38 

192-5 

Runner  or  urchin  i'  - 

6-25 

19-62 

5- 

98-1 

Ditto  h'         -         -         -         - 

3-5 

11- 

470- 

5170- 

Fluted  feed  roller  e  - 

M67 

3-664 

0-696 

2-55 

First  drawing  roller  o    - 

1- 

3-14 

68-71 

215-75 

Second  ditto      .        -         -         - 

1-167 

3-664 

114-52 

419-6 

Smooth  delivery  roller  v 

2-5 

7-85 

54-66 

429-08 

The  operation  of  the  runners,  h'  and  i',  becomes  yexy  plain  on  comparing  their  speed 
with  one  another  and  with  that  of  the  main-drum,  and  taking  into  account  tlie  direction 
of  the  card  teeth.  The  cotton  wool,  taken  off"  from  the  feed-rollers  by  the  drum,  is 
caught  by  the  opposite  teeth  of  the  large  runner  i',  which,  on  account  of  its  slower  sur- 
face rotation  (98  inches  per  minute),  may  be  considered  to  be  at  rest  with  reference  to  the 
drum,  and  therefore,  by  holding  the  cotton  in  its  teeth,  will  commence  its  carding.  The 
small  runner  h',  in  consequence  of  its  greater  surface  velocity  (5170  inches  per  minuie\ 
will  comb  the  cotton-wool  back  out  of  the  teeth  of  the  large  runner,  but  it  will  give  it 
up  in  its  turn  to  the  swifter  teeth  of  the  drum,  which,  in  carrying  it  forwards,  encoun- 
ters the  teeth  of  the  top  cards,  and  delivers  up  the  filaments  to  their  keeping  for  some 
time.  We  thus  see  how  essential  the  runners  are  to  the  perfection  as  well  as  to  the  ac- 
celeration of  the  carding  process  for  ordinary  cotton  wool,  though  for  the  slenderer  and 
longer  filaments  of  the  sea-island  kind  they  are  not  so  well  adapted.  In  cleaning  the 
carding-engines  the  little  runner  must  be  looked  to  every  time  that  the  drum  is  examined. 
The  large  runner  and  the  dofl'er  require  to  he  cleaned  together.  The  quantity  of  cotton 
spread  upon  the  feed-cloth,  the  velocity  of  it,  and  of  the  di-awing-rollers,  must  all  te 
carefully  adjusted  to  the  grist  of  the  yarn  intended  to  be  spun. 

Suppose  the  sizes  and  velocities  to  be  as  represented  in  the  preceding  table,  that  the 
engine  is  a  double  card  36  inches  broad,  and  that  it  is  furnished  with  a  lap  from  the  lap- 
machine  of  which  30  feet  in  length  weigh  5  lbs.  In  one  minute  the  surface  of  the  feed- 
rollers,  e,  passes  2-55  inches  of  that  lap  onwards;  in  the  same  time  the  main-drum  will 
work  it  off..  To  card  the  whole  30  feet,  therefore,  141  minutes,  or  2  hours  and  21  minutes 
will  be  required.  In  this  time  the  circumference  of  the  rollers,  m  v,  moves  through  a 
space  of  141  X  42,908  in.  =  5042  ft.,  and  delivers  a  card-end  of  that  length,  weighing 
5  lbs.,  minus  6  per  cent,  for  waste,  that  is,  4  lbs.  II5  oz.  One  pound  will  form  a  riband 
1072  feet  Ions,  being,  according  to  the  English  mode  of  counting,  about  number  |,  or 
0-357.  The  extension  of  the  cotton-fleece  to  this  degree  proceeds  as  follows  : — In  the 
141  minutes  which  the  feed-rollers  take  to  introduce  the  30  feet  of  lap,  the  dofi'er,  h, 
makes  617-58  revolutions,  and  the  comb,  or  doffer  knife,  i,  detaches  from  the  doffer  teeth 
a  thin  fleecy  web  of  2262  feet  in  length.     The  first  drawing  pair  of  fluted  rollers, 

by  its  quick  motion,  with  the  aid  of  the  funnel, 
777,  converts  this  fleece  into  a  riband  2535  feet 
long.  The  second  pair  of  the  fluted  rollers  ex- 
tends this  riband  to  4390  feet,  since  their  sur- 
face velocity  is  greater  than  the  first  pair  in  that 
proportion.  The  slight  elongation  (of  only  112 
feet,  or  about  -'- )  which  takes  place  between 
the  delivery  fluted  rollers  and  the  smooth  cylin- 
ders, V,  u,  serves  merely  to  keep  the  card-end 
steadily  upon  the  stretch  without  folding.  Fig. 
325  is  a  plan  of  the  card  and  the  fleece,  where  h 
is  the  cylinder,  n  is  the  funnel,  u  the  pressing 
rollers,  and  h'  the  card-ends  in  the  can. 
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Figs.  326,  327,  represent  skeletons  of  the  old  cards  to  facilitate  the  comprehension  of 
these  complex  machines.     Fig.  326  is  a  plan;  f  is  the  main  drum;  m  m  is  the  doifer 
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knife  or  comb ;  g  the  carded  fleece  hemmed  in  by  the  funnel  a,  pressed  between  the  roll- 
ers b,  and  then  falling  in  narrow  fillets  into  its  can.  Fig.  327,  k  l  are  the  feed  rollers; 
A  B  the  card  drum  ;  c  d  the  tops ;  e  f  the  doffer  card ;  m  n  the  doffer  knife  ;  d,  b,  c,  the 
card-end  passing  between  compressing  roUers  into  the  can  a. 

The  drawing  and  doubling  are  the  next  operation.  The  ends,  as  thej'  come  from  the 
cards,  are  exceedingly  tender  and  loose,  but  the  filaments  of  the  cotton  are  not  as  yet  laid 
so  parallel  with  each  other  as  they  need  to  be  for  machine  spinning.  Before  any  degree 
of  torsion  therefore  be  communicated,  a  previous  process  is  required  to  give  the  filaments 
a  level  arrangement  in  the  ribands.  The  drawing  out  and  doubling  accomplish  this  pur- 
pose, and  in  a  manner  equally  simple  and  certain.  The  means  employed  are  drawing- 
rollers,  whose  construction  must  here  be  fully  explained,  as  it  is  employed  in  all  the  fol- 
lowing machines  ;  one  example  of  their  use  occurred,  indeed,  in  treating  of  the  cards. 
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Let  a  and  b,  Jig.  328,  represent  the  section  of  two  rollers  lying 
over  each  other,  which  touch  with  a  regulated  pressure,  and  turn  in 
contact  upon  their  axes,  in  the  direction  shown  by  the  arrows. 
These  rollers  will  lay  hold  of  the  fleecy  riband  presented  to  them  at 
a,  draw  it  through  between  them,  and  deliver  it  quite  unchanged. 
The  length  of  the  piece  passed  through  in  a  given  time  will  be 
equal  to  the  space  which  a  point  upon  the  circumference  of  the 
roller  would  have  percured  in  the  same  time;  that  is,  equal  to  the 
periphery  of  one  of  the  rollers  multiplied  by  the  number  of  its  en- 
tire revolutions.  The  same  thing  holds  with  regard  to  the  trans- 
mission of  the  riband  through  between  a  second  pair  of  rollers, 
c,  d,  and  a  third,  e,f.  Thus  the  said  riband  issues  from  the  third  pair  exactly  the  same 
as  it  entered  at  a,  provided  the  surface  speed  of  all  the  rollers  be  the  same.  But  if  the  ' 
surface  speed  of  c  and  d  be  greater  than  that  of  a  and  b,  then  the  first-named  pair  will 
deliver  a  greater  length  of  riband  than  the  last  receives  and  transmits  to  it.  The  conse- 
quence can  be  nothing  else  in  these  circumstances  than  a  regulated  drawing  or  elonga- 
tion of  the  riband  in  the  interval  betwixt  a,  b,  and  c,  d,  and  a  condensation  of  the  fila- 
ments as  they  glide  over  each  other,  to  assume  a  straight  parallel  direction.  In  like 
manner  the  drawing-  may  be  repeated  by  giving  the  rollers,  e,f,  a  greater  surface  speed 
than  that  of  the  rollers,  c  and  d.  This  increase  of  velocity  may  be  produced,  either  by 
enlarging  the  diameter,  or  by  increasing  the  number  of  turns  in  the  same  time,  or 
finally  by  both  methods  conjoined.  In  general  the  drawing-machine  is  so  adjusted,  that 
the  chief  elongation  takes  place  between  the  second  and  third  pair  of  rollers-,  while  that 
between  the  first  and  second  is  but  slight  and  preparatory.  It  is  obvious,  besides,  that 
the  speed  of  the  middle  pair  of  rollers  can  have  no  influence  upon  the  amount  of  the 
extension,  provided  the  speed  of  the  first  and  third  pair  remains  unchanged.  The  roll- 
ers, a,  b,  and  c,  d,  maintain  towards  each  other  continually  the  same  position,  but  they 
may  be  removed  with  their  frame-work,  more  or  less,  from  the  third  pair,  e,f,  according 
as  the  length  of  the  cotton  staple  may  require.  The  distance  of  the  middle  point  from 
h  and  d,  or  its  line  of  contact  with  the  upper  roller,  is,  once  for  all,  so  calculated,  that  it 
shall  exceed  the  length  of  the  cotton  filaments,  and  thereby  that  these  filaments  are  never 
in  danger  of  being  torn  asunder  by  the  second  pair  pulling  them  while  the  first  holds 
them  fast.  Between  d  and/,  where  the  greatest  extension  takes  place,  the  distance  must 
be  as  small  as  it  can  be  without  risk  of  tearing  them  in  that  way ;  far  thus  will  the  uni- 
formity of  the  drawing  be  promoted.  If  the  distance  between  d  and  /  be  very  great,  a 
riband  passing  through  will  become  thinner,  or  perhaps  break  in  the  middle  ;  whe.i^e  we 
see  that  the  drawing  is  more  equable,  the  shorter  is  the  portion  submitted  to  extension  at 
a  time,  and  the  nearer  the  rollers  are  to  each  other,  supposing  them  always  distant 
enough  not  to  tear  the  staple. 
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The  under  rollers,  b  if,  are  made  of  iron,  and,  to  enable  them  to  lay  firmer  hold  of  the 
filaments,  their  surfaces  are  fluted  with  triangular  channels  parallel  to  their  axes.  The 
upper  rollers,  a  c  e,  are  also  made  of  iron,  but  they  are  smooth,  and  covered  with  a  dou- 
ble coating,  which  gives  them  a  certain  degree  of  softness  and  elasticity.  A  coat  of 
flannel  is  first  applied  by  sewing  or  glueing  the  ends,  and  then  a  coat  of  leather  in  the 
same  way.  The  junction  edges  of  the  leather  are  cut  slanting,  so  that  when  joined  by 
the  glue  (made  of  isinglass  dissolved  in  ale)  the  surface  of  ihe  roller  may  be  smoothly 
cylindrical.  The  top  rollers  are  sometimes  called  the  pressers,  because  they  press  by 
means  of  weights  upon  the  under  ones.  These  weights  are  suspended  to  the  slight  rods 
fe  fc' ;  of  which  the  former  operates  on  the  roller  e  alone,  the  latter  on  the  two  rollers 
a  and  e  together.  For  this  purpose  the  former  is  hung  to  a  c  shaped  curve  i,  whose 
upper  hook  embraces  the  roller  e ;  the  latter  to  a  brass  saddle  h,  which  rests  upon  a  and 
c.  A  bar  of  hard  wood,  g,  whose  under  surface  is  covered  with  flannel,  rests,  with 
merely  its  own  weight,  upon  the  top  rolle)>-j.,  and  strips  off'  all  the  loose  hansing  filaments. 
Similar  bars  with  the  same  view  are  made  to  bear  up  under  the  fluted  rollers  b  d  f,  and 
press  against  them  by  a  weight  acting  through  a  cord  passing  over  a  pulley.  Instead 
of  the  upper  dust-covers,  light  wooden  rollers  covered  with  flannel  are  occasionally 
Oipplled. 

Were  the  drawing  of  a  riband  continued  till  all  its  fibres  acquired  the  desired  degree 
of  parallelism,  it  would  be  apt,  from  excessive  attenuation,  to  tear  across,  and  thereby 
to  defeat  the  purpose  of  the  spinner.  This  dilemma  is  got  rid  of  in  a  very  simple  way, 
namely,  by  laying  several  ribands  together  at  every  repetition  of  the  process,  and  incor- 
porating them  by  the  pressure  of  the  rollers.  This  practice  is  called  doubling.  It  is  an 
exact  imitation  of  what  takes  place  when  we  draw  a  tuft  of  cotton  wool  between  our 
fingers  and  thumb  in  order  to  ascertain  the  length  of  the  staple,  and  replace  the  drawn 
filaments  over  each  other,  and  thus  draw  them  forth  asain  and  again,  till  they  are  all 
parallel  and  of  nearly  equal  length.  The  doubling  has  another  advantage,  that  of  causing 
the  inequalities  of  thickness  in  the  ribands  to  disappear,  by  applying  theii-  thicker  to  their 
thinner  portions,  and  thereby  producing  uniformity  of  substance. 
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The  drawing  frame,  as  shown  in  section  in  Jigs.  328,  330,  and  in  a  back  A'iew  in  fig. 
329,  will  require,  after  the  above  details,  little  further  explanation.  /  /  are  the  weights 
which  press  down  the  top  rollers  upon  the  under  ones,  by  means  of  the  rods  k  k'  and  hook 
i.  Each  fluted  roller  is,  as  shown  at  f,  fig.  329,  provided  in  the  middle  of  its  lenslh  with 
a  thinner  smooth  part  called  the  iicck,  whereby  it  is  really  divided  into  two  fluted  portions, 
represented  by  e  «  in  the  figure.  Upon  this  middle  neck  in  the  pressure  rollers,  the  hook 
i  and  the  saddle  h  immediately  bear,  as  shown  in  the  former _^g.  328.  The  card-ends,  to 
the  number  probably  of  six,  are  introduced  to  the  drawing  frame  either  from  tin  cans, 
placed  at  e  e,fig.  330,  and  at  a, fig.  329,  or  from  lap-bobbins ;  and,  after  passing  through  it, 
the  ribands  or  slivers  are  received  either  into  similar  tin  cans,  as  g,  or  upon  other  lap- 
bobbins  upon  the  other  side.  These  appendages  may  be  readily  conceived,  and  are  therefore 
not  exhibited  in  all  the  drawings.  Three  of  the  slivers  being  laid  together  are  again  intro- 
duced to  the  one  fluted  portion  a  b,  fig.  328,  and  three  other  slivers  to  the  other  portion. 
The  sloping  curved  tin  or  brass  plate  s,  fig.  329,  with  its  guide  pins  /,  serves  to  conduct 
the  slivers  to  the  rollers.  When  the  two  threefold  slivers  have  passed  through  between  the 
three  pairs  of  rollers,  and  been  thereby  properly  drawn,  they  run  towards  each  other  in  an 
oblique  direction,  behind  the  last  roller  pair-  e  f,fig.  328,  and  unite,  on  issuing  through  the 
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conical  funnel  7r7,^g.  329,  into  a  single  riband  or  spongy  sliver  ;  which  is  irrimeJiatelj 
carried  oil'  with  equable  velocity  by  two  smooth  cast-iron  rollers,  n  o,figs.  329  and  330, 
and  either  dropped  into  a  can,  or  wound  upon  a  large  bobbin.  The  surface  speed  of 
these  rollers  is  made  a  trifle  greater  than  that  of  the  delivery  drawing  rollers,  in  order  to 
keep  the  portion  of  sliver  between  them  always  in  an  extended  state.  Four  fluted  draw- 
ing portions  are  usually  mounted  in  one  drawing  frame,  which  are  set  a-going  or  at  rest 
together.  To  save  all  unnecessary  carrying  of  the  cans  from  the  back  to  the  front  of 
the  frame,  the  drawing  heads  are  so  placed,  that  the  first  and  third  discharge  their  slivers 
at  the  one  side,  and  the  second  and  fourth  at  the  other.  By  this  arrangement,  the  cans 
filled  behind  one  head,  are  directly  pushed  aside  in  front  of  the  next  drawing  head;  by 
which  alternate  distribution  the  work  goes  on  without  interruption. 

The  fust  pulley  n,fig.  330,  by  which  the  whole  machine  is  drivenyiderives  its  motion 
from  the  main  sliaft  of  the  mill  by  means  of  the  band  w.  The  similar  pulley  z,  which 
sits  loose  upon  the  axis,  and  turns  independently  of  it,  is  called  the  loose  pulley;  both 
together  being  technically  styled  riggers.  When  the  operative  desires  to  stop  the  ma- 
chine, he  transfers  the  band  from  the  fast  to  the  loose  pulley  by  means  of  a  lever,  bearing 
a  fork  at  its  end,  which  embraces  the  band.  Upon  y,  four  pulleys  such  as  x  are  fixed, 
each  of  which  sets  in  motion  a  drawing  head,  by  means  of  a  band  like  w  going  round 
the  pulleys  x  and  u.  On  account  of  the  inverted  position  of  the  heads,  which  requires 
the  motion  of  u  to  be  inverted,  the  bands  of  the  first  and  third  heads  are  open,  but  those 
of  the  second  and  fourth  are  crossed.  Every  head  is  provided  with  a  loose  pulley  v,  as  well 
as  the  fast  pulley  u,  in  order  to  make  the  one  stop  or  move  without  afl"ecting  the  others. 
The  shaft  of  the  pulley  u  is  the  prolonged  shaft  of  the  backmost  fluted  roller  /.  It  car- 
ries besides  a  small  pulley  q,  which,  by  means  of  the  band  r,  and  the  ])u\lej  p,  fig.  2^9, 
sets  in  motion  the  undermost  condensing  roller  o.  The  upper  I'oller  n  presses  with  its 
whole  weight  upon  it,  and  therefore  turns  by  friction.  The  toothed  wheel-work,  by 
which  the  motions  are  communicated  from  the  backmost  fluted  roller  to  the  middle  and 
front  ones,  is  seen  in  fig.  330. 

The  wheel  f,fig.  328,  of  20  teeth,  works  in  a  44-toothed  carrier-wheel,  on  whose 
axis  there  are  two  smaller  wheels;  2  with  26  teeth,  and  1  with  22  teeth.  The  wheel  d, 
fig.  330  of  the  middle  roller,  and  the  wheel  b  of  the  front  roller,  are  set  in  motion  by  other 
carrier  wheels;  the  first  has  27  teeth,  and  the  last  40.  For  every  revolution  of  b,  the 
roller  d  makes  nearly  If  turns,  and  the  roller  /  4  revolutions.  The  top  rollers  revolve, 
as  we  have  stated,  simply  by  tlie  friction  of  contact  with  the  lower  ones.  Now  suppose 
the  diameter  of  the  rollers  b  and  d  to  be  1  inch  or  12  lines,  that  of  f  If  inches  or  15 
lines,  the  surface  velocities  of  the  three  pairs  of  rollers  in  the  series  will  be  as  1,  If,  and 
5.  Every  inch  of  the  cotton  sliver  will  be  therefore  extended  between  the  first  and  second 
pairs  of  rollers  into  If  inches,  and  between  the  second  and  third  or  delivery  pair  into  5 
inches ;  and  after  the  sliver  has  passed  through  all  the  four  drawing  heads,  its  length 
will  be  increased  625  times  =  5X5X5X5- 

The  further  the  drawing  process  is  pushed,  the  more  perfectly  will  its  object  be  ac- 
complished, namely,  the  parallelism  of  the  filaments.  The  fineness  of  the  appearance 
of  the  sliver  after  the  last  draught  depends  upon  the  number  of  doublings  conjointly 
with  the  original  fineness  and  number  of  drawings.  The  degree  of  extension  may  be 
increased  or  diminished,  by  changing  the  wheels  in  fig.  330,  for  others  with  a  difi'erent 
number  of  teeth.  Thus  the  grist  or  fineness  of  the  sliver  may  be  modified  in  any  desired 
degree ;  for,  when  the  subsequent  processes  of  the  mill  remain  the  same,  the  finer  the 
drawings  the  finer  will  be  the  yarn.  For  spinning  coarse  numbers  or  low  counts,  for 
example,  six  card-ends  are  usually  transmitted  through  the  first  drawing  head,  and  con- 
verted into  one  riband.  Six  such  ribands  again  form  one  in  the  second  draught ;  six  of 
these  again  go  together  into  the  third  sliver ;  and  this  sliver  passes  five-fold  through  the 
last  draught.  By  this  combination  1080  of  the  original  card-ends  are  united  in  the 
finished  drawn  sliver  =6  X  6  X  6  X  5.  The  fineness  of  the  sliver  is,  however,  in  conse- 
quence of  these  doublings,  not  increased,  but  rather  diminished.  For,  by  the  drawing, 
the  card-end  has  been  made  625  times  longer,  and  so  much  smaller;  by  the  doubling 
alone  it  would  have  become  1080  times  thicker ;  therefore,  the  original  grist  is  to  the 
present  as  1  to  the  fraction  j^-~  ;  that  is,  supposing  1072  feet  of  the  riband  delivered 
by  the  card  to  weigh  one  pound,  625  feet,  the  sliver  of  the  last  drawing,  will  also  weigh 
a  pound,  which  corresponds  in  fineness  to  number  0-24,  or  nearly  j. 

The  rearmost  or  last  drawing  roller  has  a  circumference  of  nearly  4  inches,  and  makes 
about  150  revolutions  per  minute ;  hence,  each  of  these  drawing  heads  may  turn  off 
35.000  feet  of  sliver  in  12  hours. 

Some  manufacturers  have  lately  introduced  a  double  roller  beam,  and  a  double  draught 
at  the  same  doublins,  into  their  drawing  frames.  I  have  seen  this  contrivance  working 
satisfactorily  in  mills  where  low  counts  were  spun,  and  where  the  tube  rovinsr  frame  was 
employed;  but  I  was  informed  by  competent  judges,  that  it  was  not  advisable  where  a 
level  yarn  was  required  for  good  printing  calicoes. 
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The  loss  which  the  cotton  suffers  in  the  drawing  frame  is  quite  inconsiderable.  It 
consists  of  those  filaments  which  remain  upon  the  drawing  rollers,  and  collect,  in  a 
great  measure,  upon  the  flannel  facing  of  the  top  and  bottom  cleaner  bars.  It  is  thrown 
amontJ  the  top  cleanings  of  the  carding  engine.  When  from  some  defect  in  the  rollers, 
or  nedi^ence  in  piecing  the  running  slivers,  remarkably  irregular  portions  occur 
in  the~ribands,  these  must  be  torn  off,  and  returned  to  the  lap  machine  to  be  carded 

anew. 

The  fifth  operation  may  be  called  the  first  spinning  process,  as  in  it  the  cotton  sliver 
receives  a  twist ;  whether  the  twist  be  permanent,  as  in  the  bobbin  and  fly  frame,  or  be 
undone  immediately,  as  in  the  tube-roving  machine.  In  fact,  the  elongated  slivers  of 
parallel  filaments  could  bear  little  further  extension  without  breaking  asunder,  unless  the 
precaution  were  taken  to  condense  the  filaments  by  a  slight  convolution,  and  at  the  same 
time  to  entwine  them  together.  The  twisting  should  positively  go  no  further  than  to 
fulfil  the  purpose  of  giving  cohesion,  otherwise  it  would  place  an  obstacle  in  the  way  of 
the  future  attenuation  into  level  thread.  The  combination  of  drawing  and  twisting  is 
what  mainly  characterizes  the  spinning  processes,  and  with  this  fifth  operation,  therefore, 
commences  the  formation  of  yarn.  As,  however,  a  sudden  extension  to  the  wished-for 
fineness  is  not  practicable,  the  draught  is  thrice  repeated  in  machine  spinning,  and  after 
each  draught  a  new  portion  of  torsion  is  given  to  the  yarn,  till  at  last  it  possesses  the 
degree  of  fineness  and  twist  proportioned  to  its  use. 

The  preliminary  spinnmg  process  is  caRed  roving.  At  first  the  torsion  is  slight  in 
proportion  to  the  extension,  since  the  solidity  of  the  still  coarse  sliver  needs  that  cohesive 

aid  only  in  a  small  degree,  and  looseness 
of  texture  must  be  maintained  to  facilitate 
to  the  utmost  the  further  elongation. 

Fig.  331  is  a  section  of  the  can  roving 
frame,  the  ingenious  invention  of  Ark 
Wright,  which,  till  within  these  14  years, 
v/as  the  principal  machine  for  communi 
eating  the  incipient  torsion  to  the  spongj 
cord  furnished  by  the  drawing  heads.  I' 
difl'ers  from  that  frame  in  nothing  bu) 
the  twisting  mechanism  ;  and  consists  ol 
two  pairs  of  drawing  rollers,  a  and  b,  be 
iween  which  the  sliver  is  extended  in  the 
usual  way ;  c  are  brushes  for  cleaning  thp 
rollers ;  and  d  is  the  weight  which  presses 
the  upper  set  upon  the  lower.  The  wiping 
covers  (not  shown  here)  rest  upon  a  b. 
The  surface  speed  of  the  posterior  or  seconc? 
pair  of  rollers  is  3,  4,  or  5  times  greatei 
than  that  of  the  front  or  receiving  pair, 
according  to  the  desired  degree  of  attenua- 
tion. Two  drawn  slivers  were  generally  united  into  one  by  this  machine,  as  is  shown  in 
the  figure,  where  they  are  seen  coming  from  the  two  cans  e  e,  to  be  brought  together  by 
the  pressure  rollers,  before  they  reach  the  drawing  rollers  a  b.  The  sliver,  as  it  escapes 
from  these  rollers,  is  conducted  into  the  revolving  conical  lantern  g,  through  the  funnel 
/  at  its  top.  This  lantern-can  receives  its  motion  by  means  of  a  cord  passing  over  a 
pulley  k,  placed  a  little  way  above  the  step  on  which  it  turns.  The  motion  is  steadied 
by  the  collet  of  the  funnel  /,  being  embraced  by  a  brass  busk.  Such  a  machine  gene- 
rally contained  four  drawing  heads,  each  mounted  with  two  lanterns;  in  whose  side  there 
was  a  door  for  taking  out  the  conical  coil  of  roving. 

The  motion  imparted  to  the  back  roller  by  the  band  pulley  or  rigger  m,  Avas  conveyed 
to  the  front  one  by  toothed  wheel  work. 

The  vertical  guide  pulley  at  bottom,  n,  served  to  lead  the  driving  band  descending 
from  the  top  of  the  frame  round  the  horizontal  whorl  or  pulley  upon  the  under  end  of 
the  lantern.  The  operation  of  this  can-frame  was  pleasing  to  behold ;  as  the  centrifugal 
force  served  both  to  distribute  the  soft  cord  in  a  regular  coil,  and  also  to  condense  a  great 
deal  of  it  most  gently  within  a  moderate  space.  Whenever  the  lantern  was  filled,  the 
tenter  carried  the  roving  to  a  simple  machine,  where  it  was  wound  upon  bobbins  by 
hand.  Notwithstanding  every  care  in  this  transfer,  the  delicate  texture  was  very  apt  to 
be  seriously  injured,  so  as  to  cause  corresponding  injuries  in  every  subsequent  operation, 
and  in  the  finished  yarn.  Messrs.  Cocker  and  Higgins,  of  Salford,  had  the  singular 
merit,  as  I  have  said,  of  superseding  that  beautiful  but  defective  mechanism,  which  had 
held  a  prominent  place  in  all  cotton  mills  from  almost  the  infancy  of  the  factory  system, 
by  the  following  apparatus. 

The  Bobbin  and  Fly  frame  is  now  the  great  roving  machine  of  the  cotton  manufac- 
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t«i-e ;  to  wluch  may  be  adderJ  fn.  '  ^^^ 

-►^  iSi^ . H     ^P.^f.^  due  to  the  subject  in  this 

SSuo"n7-  'I'  ^^<^^^--^c.l  com- 
bnat  ons  are,  however,  so  admira- 
Die  as  to  require  such  an  account 

giDie  by  the  general  reader. 
333  *      *^ 


'  ^  ^^"^  a^eady  given  abundant 


th;f^- 332  exhibits  a  back  view  of 
this  machine;  and  fifr  or>o         ^ 

tween  the  drawing  rollers.  '" 

wirh  !r''^"''  "'■  ^aP-bobbins  filled 
with  slivers  at  the  drawin-  framt 

the  len^h'ofthT'  Pf""^^  ^"^^ 

:i?;:;sfr""--'"-^ 

Mivers  of  two  contiguous  cans  arp 
conducted  upwardsaJona  fh   ' 
fapp   nf   „     1     •       ^'°"g  the  sur- 
ace   of   a   slopmg  board    f    anr? 

rni^  '       f  ^'■^^^^''  part  of  these 
rollers  and  their  subordinate  part? 
are    omitted.      After    thp    d^ 
have    been    su^ctntly^'^^ttded 
and  attenuated  between  the  rolJers 

:pK7n,tr^^^^^^^^^^^ 

ntnri  ;*•  ^^  machine  deline 
TanvTlT'  thirty  spindles,  but 
SLL^°^'''"  ««d  fly  frames 'con- 

dle^arl"  1,    ^^.^  ^^^  °^  the  spin 
of  cnnfi  '^""^"u  ^"•^^'  332,  for  fear 
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explanation,  so  far  as  the  properties  and  operation  of  the  rollers  are  concerned.  The 
frame-work  of  this  part  of  the  machine,  called  the  roller-beam,  is  a  cast-iron  bench,  upon 
which  nine  bearers,  c,  are  mounted  for  carrying  the  rollers.  The  fluted  rollers  a  a  a,  fig. 
334,  are  constructed  in  four  pieces  for  the  whole  length,  which  are  parted  from  each 
other  by  thinner  smooth  cylindric  portions,  z,  called  necks.  Seven  such  partings  for 
four  rollers,  and  one  parting  for  two  rollers,  constitute  together  the  30  fluted  rollers  of 
which  the  whole  series  consists.  The  coupling  of  these  roller  subdivisions  into  one 
cylinder,  is  secured  by  the  square  holes  x,  and  square  pins  y,  fig.  334,  which  fit  into  the 
334  holes  of  the  adjoining  subdivision.     The 

top  or  pressure  rollers  b,  are  two-fold  over 

the  whole  set ;    and  the  weighted  saddle 

presses  upon  the  neck  w,  whicli  connects 

every  pair,  as  was  already  explained  under 

fig.  329.     These  weights  g  g,fig.  333,  are  applied  in  this  as  in  the  drawing  frame ;  d  are 

the  bars  faced  with  flannel  for  cleaning  the  top  rollers.     A  similar  bar  is  applied  beneath 

the  rollers,  to  keep  the  flutings  clean. 

The  structure  and  operation  of  the  spindles  i  may  be  best  understood  by  examining 
the  section  fig.  335.  They  are  made  of  iron,  are  cylindrical  from 
the  top  down  to  a2,  but  from  this  part  down  to  the  steel  tipped  rounded 
points  they  are  conical.  Upon  this  conical  portion  there  is  a  pulley 
k,  furnished  with  two  grooves  in  its  circumference,  in  which  the  cord 
runs  that  causes  the  spindle  to  revolve.  The  wooden  bobbin  h  is 
slid  upon  the  cylindrical  part,  which  must  move  freely  upon  it,  as 
will  be  presently  explained.  To  the  bobbin  another  two-grooved 
pulley  or  whorl  g  is  made  fast  by  means  of  a  pin  r,  whicli  passes 
through  it ;  by  removing  this  pin,  the  bobbin  can  be  instantly  taken 
off  the  spindle.  The  upper  end  of  the  spindle  bears  a  fork  s  t, 
which  may  be  taken  off  at  pleasure  by  means  of  its  left-handed 
screw ;  this  fork,  or  flier,  has  a  funnel-formed  hole  at  v.  One  arm 
of  the  fork  is  a  tube,  s,  u,  open  at  top  and  bottom ;  the  leg,  t,  is 
added  merely  as  a  counterpoise  to  the  other.  In  fig.  333,  for  the 
sake  of  clearness,  the  forks  or  fliers  of  the  two  spindles  here  repre- 
sented are  left  out ;  and  in  fig.  332,  only  one  is  portrayed  for  the 
same  reason.  It  is  likewise  manifest  from  a  comparison  of  these 
two  figures  that  the  spindles  are  alternately  placed  in  two  rows,  so 
that  each  spindle  of  the  back  range  stands  opposite  the  interval 
between  two  in  the  front  range.  The  object  of  this  distribution 
is  economy  of  space,  as  the  machine  would  need  to  be  greatly  longer 
if  the  spindles  stood  all  in  one  line.  If  we  su|»pose  the  spindles  and 
the  bobbins  (both  of  which  have  independent  motions)  to  revolve 
simultaneously  and  in  the  same  direction,  their  operation  will  be 
as  follows :  The  sliver,  properly  drawn  by  the  fluted  rollers,  enters 
the  opening  of  the  funnel  r,  proceeds  thence  downwards  through 
the  hole  in  the  arm  of  the  fork,  runs  along  its  tube  u,  s,  and  then 
winds  round  the  bobbin.  This  path  is  marked,  in  fig.  335,  by  a  dot- 
ted line. 

The  revolution  of  the  spindles  in  the  above  circumstances  effects  the  twisting  of  the 
sliver  into  a  soft  cord ;  and  the  flier  s,  t,  or  particularly  its  tubular  arm  s,  lays  this  cord 
upon  the  bobbin.  Were  the  speed  of  the  bobbins  equal  to  that  of  the  spindles,  that  is, 
did  the  bobbin  and  spindle  make  the  same  number  of  turns  in  the  same  time,  the  pro- 
cess would  be  limited  to  mere  twisting.  But  the  bobbin  anticipates  the  fliers  a  little, 
that  is,  it  makes  in  a  given  time  a  somewhat  greater  number  of  revolutions  than  the 
spindle,  and  thereby  effects  the  continuous  winding  of  the  cord  upon  itself.  Suppose 
the  bobbin  to  make  40  revolutions,  while  the  spindle  completes  only  30 ;  30  of  these  revo- 
lutions of  the  bobbin  will  be  inoperative  towards  the  winding-on,  because  the  fliers  fol- 
low at  that  rate,  so  that  the  cord  or  twisted  sliver  will  only  be  coiled  10  times  round  the 
bobbin,  and  the  result  as  to  the  winding-on  will  be  the  same  as  if  the  spindle  had  stood 
still,  and  the  bobbin  had  made  40  —  30  =  10  turns.  The  30  turns  of  the  spindles  serve, 
therefore,  merely  the  purpose  of  communicating  twist. 

The  mounting  and  operation  of  the  spindles  are  obviously  the  same  as  they  are  upon 
the  household  flax  wheel.  In  the  bobbin  and  fly  frame  there  are  some  circumstances 
which  render  the  construction  and  the  winding-on  somewhat  difficult,  and  the  mechanism 
not  a  little  complicated.  Ii  may  be  remarked,  in  the  first  place,  that  as  the  cord  is  wound 
on,  the  diameter  of  the  bobbin  increases  very  rapidly,  and  therefore  every  turn  made 
round  it  causes  a  greater  length  of  roving  to  be  taken  up  in  succession.  Were  the 
motions  of  the  bobbins  to  continue  unchanged  in  this  predicament,  the  increased 
velocity  of  the  winding-on  would  require  an  increased  degree  of  extension,  or  it  would 
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occasion  the  rupture  of  the  cord,  because  the  front  fluted  rollers  move  with  uniform 
speed,  and  therefore  deliver  always  the  same  length  of  sliver  in  the  same  time.  It 
is  therefore  necessary  to  diminish  the  velocity  of  the  bobbins,  or  the  number  of  their 
turns,  in  the  same  proportion  as  their  diameter  increases,  in  order  that  the  primary 
velocity  may  remain  unchanged.  Moreover,  it  is  requisite  for  the  proper  distribution 
of  the  cord  upon  the  bobbin,  and  the  regular  increase  of  its  diameter,  that  two  of  its 
successive  convolutions  should  not  be  applied  over  each  other,  but  ihal  they  should  be 
laid  close  side  by  side.  This  object  is  attained  by  the  up  and  down  sliding  motion  of  the 
bobbin  upon  the  spindle,  to  the  same  extent  as  the  length  of  the  bobbin  barrel.  This 
up  and  down  motion  must  become  progressively  slower,  since  it  increases  the  diameter 
of  the  bobbin  at  each  range,  by  a  quantity  equal  to  the  diameter  of  the  sliver.  What 
has  now  been  stated  generally,  will  become  more  intelligible  by  an  example. 

Let  it  be  assumed  that  the  drawing  rollers  deliver,  in  10  seconds,  45  inches  of 
roving,  and  that  this  length  receives  30  twists.  The  spindles  must,  in  consequence, 
make  30  revolutions  in  10  seconds,  and  the  bobbins  must  turn  with  such  speed,  that 
they  wind  up  the  45  inches  in  10  seconds.  The  diameter  of  the  bobbin  barrels  being 
1|  inches,  their  circumference  of  course  45  inches,  they  must  make  10  revolutions  more 
in  the  same  time  than  the  spindles.  The  eflective  speed  of  the  bobbins  will  be  thus 
30-(-10=:40  turns  in  10  seconds.  Should  the  bobbins  increase  to  3  inches  diameter, 
by  the  winding-on  of  the  sliver,  they  will  take  up  9  inches  at  each  turn,  and  con- 
sequently 45  inches  in  5  turns.  Their  speed  should  therefore  be  reduced  to  30-[-5=35 
turns  in  10  seconds.  In  general,  the  excess  in  number  of  revolutions,  which  the 
bobbins  must  make  over  the  spindles,  is  inversely  as  the  diameter  of  the  bobbins. 
The  speed  of  the  bobbins  must  remain  uniform  during  the  period  of  one  ascent  or 
descent  upon  the  spindle,  and  must  diminish  at  the  instant  of  changing  the  direction 
of  their  up  and  down  motion ;  because  a  fresh  range  of  convolutions  then  begins  with 
a  greater  diameter.  When,  for  example,  30  coils  of  the  sliver  or  roove  are  laid  in  one 
length  of  the  bobbin  barrel,  the  bobbin  must  complete  its  vertical  movement  up  or 
down,  within  30  seconds  in  the  first  case  above  mentioned,  and  within  60  seconds  in 
the  second  case. 

The  motions  of  the  drawing  rollers,  the  spindles,  and  bobbins,  are  produced  in  the 
following  manner : — A  shaft  c'.  Jigs.  332  and  333,  extending  the  whole  length  of  the 
machine,  and  mounted  with  a  fly  wheel  d',  is  set  in  motion  by  a  band  from  the  running 
pulley  upon  the  shaft  of  the  mill,  which  actuates  the  pulley  a',  b'  is  the  loose  pulley 
upon  which  the  band  is  shifted  when  the  machine  is  set  at  rest.  Within  the  pulley  a', 
but  on  the  outside  of  the  frame,  the  shaft  c' carries  a  toothed  wheel  62  with  50  teeth, 
which  by  means  of  the  intermediate  wheel  c2  turns  the  wheel  c?2  upon  the  prolonged 
shaft  of  the  backmost  fluted  roller  (m2,  fig.  333.)  This  wheel  rf2  has  usually  54  teeth ; 
but  it  may  be  changed  when  the  roove  is  to  receive  more  or  less  twist;  for  as  the 
spindles  revolve  with  uniform  velocity,  they  communicate  the  more  torsion  the  less 
length  of  sliver  is  delivered  by  the  rollers  in  a  given  time.  Upon  the  same  shaft  with 
di,  a  pinion  e2  of  32  teeth  is  fixed,  which  works  in  a  wheel  fi  of  72  teeth.  Within 
the  frame  a  change  pinion  g2  is  made  fast  to  the  shaft  of  /2.  This  pinion,  which  has 
usually  from  24  to  28  teeth,  regulates  the  drawing,  and  thereby  the  fineness  or  number 
of  the  rovin?.  It  works  in  a  48toothed  wheel  h'i  upon  the  end  of  the  backmost  fluted 
roller  a,  fig.  333.  The  other  extremity  of  the  same  roller,  or,  properly  speaking,  line  of 
rollers,  carries  a  pinion  Z2,  furnished  v/ith  26  teeth,  which,  by  means  of  the  broad 
intermediate  wheel  fe2,  sets  in  motion  the  pinion  t'2  of  22  teeth  upon  the  middle  roller. 
When  the  diameter  of  all  the  drawing  rollers  is  the  same,  suppose  1  inch,  their  propor- 
tional velocities  will  be,  with  the  above  number  of  teeth  in  the  wheel  work,  if  g2  have 
24  teeth,  as  1  :  1-18  :4-5;  and  the  drawn  sliver  will  have  4^  times  its  original  length. 
The  front  or  delivery  roller  of  the  drawing  frame  is  of  late  years  usually  made  Ij  or 
If  inches  in  diameter.  If  625  feet  of  the  sliver  from  the  drawing  frame  weighed  one 
pound,  2790  feet  of  the  roving  will  now  go  to  this  weight,  and  the  number  will  be 
1*12;  that  is,  1  hank  and  12  hundredths  to  the  pound.  The  front  pair  of  fluted 
rollers  makes  about  90  revolutions,  and  deliverr,  282'6  inches  of  roving  in  the  minute, 
when  of  one  inch  diameter. 

The  spindles  i  (fig-i.  332  and  333),  rest,  with  their  lower  ends,  in  steps  7,  which  are 
fixed  in  an  immoveable  beam  or  bar  m.  To  protect  it  from  dust  and  cotton  filaments, 
th~is  beam  is  furnished  with  a  wooden  cover  w,  in  which  there  are  small  holes  for  the 
passage  of  the  spindles  right  over  the  steps.  In  fig.  332,  two  of  the  eight  covers  n,  which 
compose  the  whole  range  m,  are  removed  to  let  the  steps  be  seen.  The  cylindrical  part 
of  each  spindle  passes  through  a  brass  ringo;  and  all  these  30  rings,  whose  centres 
must  be  vertically  over  the  steps  /,  are  made  fast  to  the  copping  beam  p.  This  beam 
is  so  called,  because  it  is  destined  not  merely  to  keep  the  spindles  upright  by  the  rings 
attached  to  it,  but,  at  the  same  time,  to  raise  and  lower  along  the  spindles  the  bobbins 
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which  rest  on  these  rings ;  for  which  purpose  the  two  racks,  or  toothed  bars  mi  m% 
made  fast  to  it,  are  designed,  as  will  be  presently  explained.  To  effect  the  revolution 
of  the  spindles,  there  are  attached  to  the  main  shaft  c'  two  whorls  or  pulleys  e'  f,  each 
bearing  four  grooves  of  equal  diameter.  Each  of  these  pulleys  puts  one  half  of  the 
spindles  in  motion,  by  means  of  a  cord,  which,  after  going  round  the  whorls  k,  turns 
four  times  about  the  pulleys  of  the  shaft  c'.  Two  guide  pulleys  h',  each  four-grooved, 
and  two  others  i',  with  a  single  groove,  which  turn  independently  of  the  others,  upon 
the  above  shaft,  serve  to  give  the  whorl  cords  the  proper  direction,  as  well  as  to  keep 
them  ti^ht.  The  spindles  revolve  200  times  or  thereby  in  the  minute ;  and  therefore 
impart  two  turns  or  twists  to  every  three  inches  of  the  roving. 

The  revolution  of  the  bobbins  is  independent  of  that  of  the  spindles,  although  it  like- 
wise proceeds  from  the  shaft  c',  and  differs  from  it  in  being  a  continually  retarded 
motion.  The  simplest  method  of  effecting  this  motion,  is  by  irieans  of  the  wooden  or 
tin  plate  cone  fe",  which  revolves  equally  with  the  shaft  c',  and  at  the  same  time  slides 
along  it. 

The  manner  in  which  this  operates  is  shown  in  section  in  fig.  336.  Here  we  per- 
ceive the  rod  q%  which  extends  from  the  base  toward  the  narrow  end  of  the  truncated 
cone,  and  p'^  a  forked  bearer  or  carrier  made  fast  to  the  shaft  c'  by  a  screw,  which 
compels  the  cone,  by  means  of  that  rod,  to  obey  the  movements  of  c'.     In  the  large  end 


of  the  cone  there  is  an  aperture,  through  which  the  bearer  can  be  got  at.  The  smaller 
end  carries  outside  a  projection  o  2,  provided  with  a  groove,  which  is  embraced  by  the 
forked  end  of  a  rod  q',fig.  337,  that  serves  to  shove  the  cone  along  upon  the  shaft  c'. 
Directly  under  the  cone,  there  is  an  upright  round  pillar  p',  upon  which  the  holder  o' 
of  the  two  guide  pulleys  l  is  adjustable.  A  bar  ?-2  placed  along-side  of  the  holder, 
prevents  its  turning  round,  but  allows  it  to  slide  along  p'  by  friction.  The  weight  of  the 
holder  and  the  pulley  is  sufficient  to  distend  the  endless  band  m',  which  runs  from  the 
cone  k',  through  under  the  pulley  l',  and  round  the  small  drum  m'  on  the  shafl  «2.  A 
pulley  or  whorl  t^,  with  four  grooves,  is  made  fast  by  means  of  a  tube  to  this  shaft,  and 
slides  along  it  backwards  and  forwards,  without  ever  ceasing  to  follow  its  revolutions. 
The  shaft  possesses  for  this  purpose  a  long  fork,  and  the  interior  of  the  tube  a  corre- 
sponding tongue  or  catch.  There  is  besides  upon  the  tube  beneath  the  pulley,  at  m2,  a 
groove  that  goes  round  it,  in  which  the  staple  or  forked  end  of  an  arm  like  «2,  fig.  333, 
made  fast  to  the  copping  beam  p,  catches.  By  the  up  and  down  movement  of  that 
beam,  the  pulley  i  2  takes  along  with  it  the  arm  that  embraces  the  tube,  which  therefore 
rises  and  falls  equally  with  the  bobbins  h\  and  their  pulleys  or  whorls  q.  This  is 
requisite,  since  the  bobbins  are  made  to  revolve  by  the  pulleys  ^2,  by  means  of  two  endless 
cords  or  bands. 

The  most  intricate  part  of  the  mechanism  is  the  adjustment,  by  which  the  revolution 
of  the  bobbins  is  continually  retarded,  and  their  up  and  down,  or  copping  motion,  along 
the  spindles,  is  also  retarded  in  like  proportion.  The  vertical  pulley  /'  (towards  the 
left  end  of  the  shaft  c)  has  at  its  right  side  a  somewhat  larger  disc  or  sheave  g', 
with  a  perfectly  uniform,  but  not  a  very  smooth  surface.  Upon  this  sheave,  a  smaller 
horizontal  pulley  x'  rubs,  whose  upper  face  is  covered  with  leather  to  increase  the  friction. 
The  under  end  of  the  shaft  y'2  of  the  pulley  x'  turns  in  a  step,  which  is  so  connected  with 
the  arm  v'  of  the  large  bent  lever  t'  v',  that  it  always  stands  horizontally,  whatever 
direction  the  arms  of  that  lever  may  assume.     The  shaft  1/2  is  steadied  at  top  by  an 
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annular  holder  or  bush,  which  embraces  the  fast  arm  a;2  with  its  forked  end.  Upon  its 
opposite  side,  this  arm  carries  a  pulley  i/2,  upon  which  a  cord  goes,  that  is  made  fast  to 
the  holder  of  the  shaft  y%  and  loaded  with  the  weight  z'.  The  weight  presses  the 
pulley  x'  against  the  surface  of  g',  in  such  wise  as  to  eflect  the  degree  of  friction  necessary 
in  order  that  the  revolution  of  g'  may  produce  an  uninterrupted  revolution  in  x'.  A 
pinion  w',  whose  length  must  be  equal  at  least  to  the  semi-diameter  of  the  sheave  g',  is 
placed  upon  the  under  end  of  the  shaft  2/2.  It  has  22  teeth,  and  takes  into  a  62-toothed 
horizontal  wheel  zi.  Upon  the  upper  end  of  this  wheel  the  conical  pinion  a3  is  made 
fast,  which  may  be  changed  for  changing  the  speed,  but  usually  has  from  28  to  30  teeth. 
By  this  pinion  the  conical  wheel  63  is  turned,  which  has  30  teeth,  and  whose  shaft  is  c3. 
This  shaft  carries  upon  its  opposite  end  a  six-leaved  pinion,  c?3,  which  takes  into  the 
calender  wheel  /a,  formed  with  cogs  like  a  trundle,  upon  the  long  shaft  e3.  In  fig.  338 
the  wheel  /s  is  exhibited  with  its  pinion  rfs.  Here  we  may  remark,  that  in  the  circum- 
ference of  the  wheel  there  is  a  vacant  place,  g3,  void  of  teeth.  When,  by  the  motion  of 
the  wheel,  the  pinion  comes  opposite  to  this  opening,  it  turns  round  about  the  last  tooth 
of  the  wheel,  falls  into  the  inside  of  the  toothed  circle  marked  by  the  doited  lines,  and 
thus  gives  now  an  inverse  movement  to  the  wheel  /a,  while  itself  revolves  always  in  the 
same  direction.    This  reversed  motion  continues  till  the  opening  g3  comes  once  more 


338 


opposite  to  the  pinion,  when  this  turns  round  about  the  7ast  tooth  of  that  side,  and  begins 
again  to  work  in  the  exterior  teeth.  Thus,  by  the  uniform  motion  of  rf3  and  its 
dependant  parts,  the  wheel  fi,  with  its  shaft  e3,  revolves  alternately  to  the  right  hand 
and  the  left.  That  this  result  may  ensue,  the  shaft  c3  of  the  pinion  must  be  able  to 
slide  endwise,  without  losing  its  hold  of  a3  and  63.  This  adjustment  is  effected  by 
placing  the  end  of  the  said  shaft,  nearest  63,  in  a  box  or  holder  is,  in  which  it  can  turn, 
and  which  forms  a  vertical  tube  to  this  box,  as  a  downward  pi'olongation  which  is  fixed 
to  the  tail  of  the  conical  pinion  a3.  Fig.  339  shows  this  construction  in  section  upon 
an  enlarged  scale.  The  second  bearer  of  the  shaft  nearest  d^,  must  possess  likewise  the 
means  of  lateral  motion.  When  therefore  the  pinion  d3  shifts  through  the  opening 
of  the  wheel  /3  outwards  or  inwards,  its  shaft  c3,  makes  a  corresponding  small  angular 
motion  upon  the  pivot  of  a3,  by  means  of  the  tube  is ;  a3  and  63  remain  thereby  com- 
pletely in  gear  with  one  another. 

The  above-described  alternate  revolutions  of  the  wheel  /3  serve  to  produce  the  up 
and  down  motions  of  the  bobbins.  The  shaft  e3  has  for  this  purpose  two  pinions  n2  n% 
which  work  in  the  rack  teeth  m2  m2  of  the  copping  rail  p,  and  thus  alternately  raise  and 
sink  it  with  the  bobbins  which  rest  upon  it.  The  weight  of  the  copping  beam  and  all 
its  dependant  parts,  is  poised  by  two  counterweights  iWi,  whose  cords  run  over  the 
pulleys  04  04  o4,  fig.  332,  and  have  their  ends  made  fast  to  the  frame,  so  as  to  make  the 
upward  motion  as  easy  as  the  downward.  The  two  upper  pulleys  out  of  the  tliree  of 
each  weight  are  fixed  to  the  frame ;  the  under  one,  round  which  the  cord  first  runs,  is 
attached  to  the  copping  beam,  rising  and  falling  along  with  it. 

As  long  as  the  friction  disc  x'  remains  at  the  same  height,  the  pulley  g'  derives  its 
motion  from  the  same  circle  of  the  said  disc,  and  the  up  and  down  motion  of  the  copping 
beam  is  also  uniform.  But  when  that  disc  ascends  so  as  to  describe  with  its  edge  a  small 
circle  upon  the  face  of  g',  its  motion  must  become  proportionally  more  slow.  This  is  the 
method,  or  principle  of  retarding  the  copping  motions  of  the  bobbins.  It  has  been  shown, 
however,  that  the  rotation  of  the  bobbins  should  be  also  retarded  in  a  progressive  manner. 
This  object  is  effected  by  means  of  the  cone  k',  which,  as  the  band  n  progressively 
approaches  towards  its  smaller  diameter,  drives  the  pulleys  or  whorls  q  of  the  bobbins 
with  decreasing  speed,  though  itself  moves  uniformly  quick  with  the  shaft  c.  To  effect 
this  variation,  the  cone  is  shifted  lengthwise  along  its  shaft,  while  the  band  running 
upon  it  remains  continually  in  the  same  vertical  plane,  and  is  kept  distended  by  the 
weight  of  the  pulley  0'.  The  following  mechanism  serves  to  shift  the  cone,  which  may 
be  best  understood  by  the  aid  of  the  figures  340,  341,  and  337.    A  long  cast  iron  bar  m3, 
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which  bears  two  horizontal  projecting  puppets,  o3  o3,  is  made  fast  to  the  front  upright 
face  of  the  copping  beam  A.    Through  the  above  puppets  a  cylindrical  rod  n3  passes  freely, 

340 
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which  is  left  out  in  fig.  337,  that  the  parts  lying  behind  it  may  be  better  seen.  Upon 
this  rod  there  is  a  kind  of  fork,  ps  p3,  to  which  the  alternating  rack  bars  53  are  made 
fast.  The  teeth  of  these  racks  are  at  unequal  distances  from  each  other,  and  are  so 
arranged,  that  each  tooth  of  the  under  side  corresponds  to  the  space  between  two  teeth 
in  the  upper  side.  Their  number  depends  upon  the  number  of  coils  of  roving  that  may 
be  required  to  fill  a  bobbin  ;  and  consist?  in  the  usual  machines  of  fftjm  20  to  22.  The 
rod  h3  may  be  shifted  in  the  puppet  o3,  like  the  fork  ^3  of  the  rack-rod,  upon  the  rod 
n3,  and  along  the  surface  of  m3,  where  two  wings  ws  m3  are  placed,  to  keep  the  fork  in 
a  straight  direction.  Upon  the  bar  Tn3,  there  are  the  pivots  or  fulcra  of  two  stop  catches 
«j3  j-3,  of  which  the  uppermost  presses  merely  by  its  own  weight,  but  the  undermost  by 
means  of  a  counterweight  i/3,  against  the  rack,  and  causes  them  thus  to  fall  in  between 
the  teeth.  In  fig.  341,  i'3  shows  the  pivot  of  the  catch  or  detent  w3  by  itself,  the 
detent  itself  being  omitted,  to  render  the  construction  plainer.  A  pushing  rod  t3,  upon 
which  there  is  a  pin  above  at  s3,  that  passes  behind  the  rack  rod,  between  this  and 
the  bar  m^,  has  for  its  object  to  remove  at  pleasure  the  one  or  the  other  of  the  two 
catches ;  the  upper,  when  the  upper  end  of  the  rod  pushes  against  it ;  the  under,  by 
means  of  the  above  mentioned  pin  s^.  Both  the  catches  are  never  raised  at  once,  but 
either  the  under  or  the  upper  holds  the  rack  bar  fast,  by  pressing  against  one  of  the 
teeth.  The  vertical  motion  up  or  down,  which  the  rod  l3  must  take  to  efiect  the  lifting 
of  the  catches,  is  given  to  it  from  the  copping  beam  p  ;  since  upon  it  a  horizontal  arm 
v2,  fig.  341,  is  fixed,  that  lays  hold  of  that  rod.  Upon  the  pushing  rod  are  two  rings, 
hs  and  k3,  each  made  fast  by  a  screw.  When  the  copping  beam  is  in  the  act  of  going 
up,  the  arm  v3  at  the  end  of  this  movement,  pushes  against  the  ring  A3,  raises  up  the 
rod  ^3,  and  thus  removes  the  catch  w3,  fig,  337,  from  the  teetli  of  the  rod  53,  before 
which  it  lies  flat.  At  the  descent  of  the  copping  rail,  «2  meets  the  ring  fc3,  when  the 
motion  in  this  direction  is  nearly  completed,  draws  down  the  rod  /3  a  little,  by  means  of 
the  same,  and  thereby  effects  the  removal  of  the  catch  a;3,  fig.  337^  from  the  rod  53. 
Every  time  tliat  one  of  the  catches  is  lifted,  the  rack  recovers  its  freedom  to  advance  a 
little  bit  in  the  direction  of  the  arrow;  so  far,  namely,  till  the  other  catch  lays  hold  upon 
the  tooth  that  next  meets  it.  The  reason  is  thus  manifest  why  the  teeth  of  the  upper 
and  under  sides  of  the  bar  53  are  not  right  opposite  to  each  other,  but  in  an  alternate 
position. 

From  the  rack-bar,  the  sliding  of  the  cone  k',  and  the  raising  of  the  shaft  y^,  each  by 
minute  steps  at  a  time,  is  produced  as  follows :  — 

A  large  rectangular  lever  /i,  f',  whose  centre  of  motion  is  at  pi,  has  at  the  upper  end 
of  its  long  arm  ti,  a  long  slot  through  which  a  stud  r3  upon  the  rack  53  goes,  (figs.  340, 
341,  337,)  so  that  the  lever  must  follow  the  motions  of  the  rack  bar.  The  end  of  the 
short  arm  of  the  lever  bears,  as  already  mentioned,  the  step  of  the  shaft  j/2 ;  hence  the 
friction  disc  a;'  will  be  raised  in  proportion  as  the  rack  bar  advances,  and  will  come 
nearer  to  the  middle  point  of  gi ;  consequently,  its  revolution  and  the  shifting  of  the 
bobbins  will  become  slower.  Upon  the  cylindrical  rod  «3,  the  piece  s^  «'  furnished 
with  a  long  slot  is  made  fast,  by  means  of  a  tube  s3,  (fig.  337,)  and  a  screw.  A  fork 
«  M,  which  by  means  of  the  screw  nut  ai  is  made  fast  in  the  slot,  embraces  the  arm  t^  of 
the  bent  lever ;  and  a  tube  ri  riveted  to  the  surface  of  si,  is  destined  to  take  up  the  draw 
rod  91  of  the  cone  k^,fig.  337.  A  weight  /*,  whose  cord  bi  is  made  fast  to  the  cylindri- 
cal rod  w3,  endeavors  to  draw  this  rod  continually  in  the  direction  of  the  arrow.  In 
consequence  of  this  arrangement,  every  time  that  the  pushing  bar  Z3  lifts  up  one  of  the 
catches,  the  cone  fei,  the  lever  <i  v^,  and  by  it  the  rack  bar  53,  are  set  in  motion.    It  is 
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obvious,  that  the  motion  of  the  cone  may  be  made  greater  or  less,  according  as  the  fork 
tt  tt  is  fixed  further  up  or  down  in  the  slot  of  «'. 

The  number  of  the  teeth  upon  the  bar  53  is  so  ordered,  that  the  bobbins  are  quite  full 
when  the  last  tooth  has  reached  the  catch  and  is  released  by  it.  The  rack  bar,  being 
restrained  by  nothing,  immediately  slides  onwards,  in  consequence  of  the  traction  of  the 
weisht /4,  and  brings  the  machine  to  repose  by  this  very  movement,  for  which  purpose 
the  tollowing  construction  is  employed.  A  rectangular  lever  which  has  its  centre  of 
motion  in  gt  is  attached  to  the  side  face  of  the  beam  a,  and  has  at  the  end  of  its  hori- 
zontal arm  a  pulley  d*,  over  which  the  cord  bi  of  the  counterweight  fi  is  passed.  The 
end  of  the  perpendicular  arm  is  forked  and  embraces  the  long  and  thin  rod  /ct,  to  whose 
opposite  end  the  fork  li  is  made  fast.  Through  this  fork  the  band  which  puts  the  ma- 
chine in  motion  passes  down  to  the  pulley  a'.  With  the  bent  lever  another  rod  d  is 
connected  at  hi,  which  lies  upon  the  puppet  e3  with  a  slot  at  a,  and  hereby  keeps  the 
lever  g4  in  its  upright  position  notwithstanding  the  weight  f*.  In  the  moment  when,  as 
above  stated,  the  rack  bar  q3  becomes  free,  the  arm  p3  of  its  fork  pushes  in  its  rapid 
advance  against  the  under  oblique  side  of  ei,  raises  this  rod,  and  thereby  sets  the  lever  gi 
free,  whose  upright  arm  bends  down  by  the  traction  of  the  weight,  drives  the  rod  k* 
before  it  into  the  ring  U  fastened  to  it,  and  thus,  by  means  of  the  fork  U,  shifts  the  band 
upon  the  loose  pulley  fei.  But  the  machine  may  be  brought  to  repose  or  put  out  of  gear 
at  any  time  merely  by  shifting  the  rod  ki  with  the  hand. 

The  operation  of  the  bobbin  and  fly  frame  may  be  fully  understood  from  the  preceding 
description.  A  few  observations  remain  to  be  made  upon  the  cone  fei,  the  rack-bar  53, 
and  the  speed  of  the  work. 

When  we  know  the  diameter  of  the  empty  bobbins,  and  how  many  turns  Ihey  should 
make  in  a  given  time  in  order  to  wind-on  the  sliver  delivered  by  the  fluted  rollers  and  the 
spindles ;  when  we  consider  the  diameters  of  the  spindle  pulleys  q,  and  /2,  as  also  the 
drum  m},fig.  332,  we  may  easily  find  the  diameter  which  the  cone  must  have  for  pro- 
ducing that  number  of  turns.  This  is  the  diameter  for  the  greatest  periphery  of  the 
base.  The  diameter  of  the  smaller  is  obtained  in  the  same  way,  when  the  diameter  of 
the  bobbins  before  the  last  winding-on,  as  well  as  the  number  of  turns  necessary  in  a 
given  time,  are  known. 

A  bobbin  and  fly  frame  of  the  construction  just  described  delivers  from  each  spindle 
in  a  day  of  twelve  hours,  from  6  to  8  lbs.  of  roving  of  the  fineness  of  il  Englisli  counts. 
One  person  can  superintend  two  frames,  piece  the  broken  slivers,  and  replace  the  full 
bobbins  by  empty  ones.  The  loss  of  cotton  wool  in  this  machine  consists  in  the  portions 
carried  ofl'  from  the  torn  slivers,  and  must  be  returned  to  the  lapping  machine. 

The  fine  bobbin  and  fly  frame  does  not  differ  essentially  from  the  preceding  machine. 
The  rovings  from  the  coarse  bobbin  and  fly  frame  are  placed  in  their  bobbins  in  a  frame 
called  the  creel,  behind  and  above  the  roller  beam,  two  bobbins  being  allowed  for  one 
fluted  portion  of  the  rollers.  These  rovings  are  united  into  one,  so  as  to  increase  the 
uniformity  of  the  slivers. 

The  invention  of  the  beautiful  machine  above  described  is  due  to  Messrs.  Cocker  and 
Higgins,  of  Manchester,  and  as  lately  improved  by  Henry  Houldsworth,  jun.,  Esq.,  it 
may  be  considered  the  most  ingeniously  combined  apparatus  in  the  whole  range  of  pro- 
ductive industry. 

In  the  fine  roving  frame  the  sliver  is  twisted  in  the  contrary  direction  to  that  of  the 
coarse  rovins;  frame.  For  this  reason  the  position  of  the  cone  is  reversed,  so  as  to  pre- 
sent in  succession  to  the  band,  or  strap,  diameters  continually  greater,  in  order  that  the 
rotation  of  the  bobbins  may  be  accelerated  in  proportion  as  their  size  is  increased, 
because  here  the  flier  and  the  bobbin  turn  in  the  same  direction,  and  the  winding-on 
is  effected  by  the  precession  of  the  bobbin;  but  if  the  winding-on  took  place  by  its  falling 
behind,  as  in  the  coarse  bobbin  and  fly  frame,  that  is,  if  the  flier  turned  less  quickly  thaa 
the  bobbin,  the  rotatory  speed  of  the  bobbin  would  be  uniformly  retarded ;  in  which  case 
the  cone  would  be  disposed  as  in  the  coarse  frame. 

When,  by  any  means  whatever,  a  uniform  length  of  thread  is  delivered  by  the  rollers 
in  a  given  time,  the  bobbin  must  wind  it  up  as  it  is  given  out,  and  must  therefore  turn 
with  a  speed  decreasing  with  the  increase  of  its  diameter  by  successive  layers  of  thread. 
Hence  proceeds  the  proposition,  that  the  velocity  of  the  bobbin  must  be  in  the  inverse 
ratio  of  its  diameter,  as  already  explained. 

With  respect  to  the  bobbin  and  fly  frame,  the  twist  is  given  to  the  sliver  by 
means  of  a  spindle,  or  flier,  which  turns  in  the  same  direction  with  the  bobbin,  but 
quicker  or  slower  than  it,  which  establishes  two  predicaments.  The  first  case  is  where 
the  flier  turns  faster  than  the  bobbin.  Here  the  winding-on  goes  in  advance,  as  in 
the  coarse  roving  frame,  or  as  in  throstle  spinning,  where  the  yarn  is  wound  on  merely 
in  consequence  of  the  friction  of  the  lower  disc  or  washer  of  the  bobbin  upon  the 
copping  rail,  and  of  the  drag  of  the  yarn.  The  second  case  is  where  the  flier  revolves 
more  slowly  than  the  bobbin.    Here  the  winding  goes  on  in  arrear,  and  as  the  bobbin 
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turns  faster,  it  must  receive  a  peculiar  motion,  which  is  uniformly  retarded  in  the  ratio 
of  its  increase  of  diameter.  This  is  the  case  with  the  fine  bobbin  and  fly  frame.  When 
the  cone  is  placed  as  in  Jig.  332,  the  winding-on,  in  either  the  coarse  or  fine  frame,  re- 
sults from  the  diflerence,  whether  greater  or  less,  between  the  rotatory  speed  of  the  flier 
and  bobbin. 

The  motion  of  the  bobbin  and  spindle  is  simultaneous,  and  takes  place  in  the  same 
direction,  with  a  diflerence  varying  more  or  less  with  the  varying  diameters  of  the 
bobbins.  To  render  the  matter  still  clearer,  suppose  for  a  moment  the  spindle  to  be 
motionless,  then  the  bobbin  must  revolve  with  such  a  speed  as  to  lap-on  the  roving  as 
fast  as  the  rollers  deliver  it.  The  sliver  comes  forward  uniformly ;  but  the  bobbin,  by 
its  increase  of  diameter,  must  revolve  with  a  speed  progressively  slower.  Now,  sup- 
pose the  spindle  set  a-whirling,  it  is  obvious  that  the  bobbin  must  add  to  the  movement 
requisite  fur  winding-on  the  sliver,  that  of  the  spindle  in  the  case  of  winding-on  in 
arrear,  or  when  it  follows  the  fliers,  and  subtract  its  own  motion  from  the  twisting 
motion  of  the  spindles,  in  the  case  of  winding-on  in  advance,  that  is,  when  the  bobbin 
precedes  or  turns  faster  than  the  fliers;  for  the  diameter  of  the  bobbin  being  1| 
inches,  10  turns  will  take  up  45  inches.  Deducting  these  10  turns  from  the  30  made 
by  the  spindle  in  the  same  time,  there  will  remain  for  the  efl"ective  movement  of  the 
bobbin  only  20  turns ;  or  when  the  diameter  of  the  bobbin  becomes  3  inches,  5  turns 
will  take  up  the  45  inches,  if  the  spindle  be  at  rest;  but  if  it  makes  30  turns  in  the 
time,  the  effective  velocity  of  the  bobbin  will  be  25  turns,  =  30  —  5.  Hence  in  the 
fine  bobbin  and  fly  frame,  the  number  of  turns  of  the  spindle,  minus  the  number  of 
turns  made  by  the  bobbin  in  equal  times,  is  in  the  inverse  ratio  of  the  diameter  of  the 
bobbin.  We  thus  perceive,  that  in  the  coarse  frame  the  bobbin  should  move  faster 
than  the  spindle,  and  that  its  speed  should  always  diminish  ;  whilst  in  the  flne  frame 
the  bobbin  should  move  slower  than  the  spindle,  but  its  speed  should  always  increase. 
It  is  easy  to  conceive,  therefore,  lyhy  the  cones  are  placed  in  reverse  directions  in  the 
two  machines.  Not  that  this  inversion  is  indispensably  necessary;  the  cone  of  the  fine 
roving  frame  might,  in  fact,  be  placed  like  that  of  the  coarse  roving  frame ;  but  as  the 
torsion  of  the  roving  becomes  now  considerable,  and  as  on  that  account  the  bobbin  would 
need  to  move  still  faster,  which  would  consume  a  greater  quantity  of  the  moving  power, 
it  has  been  deemed  more  economical  to  give  its  movement  an  opposite  direction. 

We  mentioned  that  the  twist  of  the  sliver  in  the  fine  roving  f^rame  was  the  reverse  of 
that  in  the  coarse ;  this  is  a  habit  of  the  spinners,  for  which  no  good  reason  has  been 
given. 

The  divisions  of  the  rack-bar,  and  the  successive  diameters  of  the  cone,  must  be 
nicely  adjusted  to  each  other.  The  first  thing  to  determine  is,  how  much  the  rack 
should  advance  for  every  layer  or  range  of  roving  applied  to  the  bobbin,  in  order  that 
the  cone  may  occupy  such  a  place  that  the  strap  which  regulates  the  pulley  barrel  may 
be  at  the  proper  diameter,  and  thus  fulfil  every  condition.  The  extent  of  this  pro- 
gressive movement  of  the  rack  depends  upon  the  greater  or  less  taper  of  the  cone,  and 
the  increase  which  the  diameter  of  the  bobbin  receives  with  every  traverse,  that  is,  every 
layer  of  roving  laid  on.  But  care  should  be  taken  not  to  taper  the  cone  too  rapidly,  espe- 
cially in  the  fine  roving  frame,  because  in  its  progress  towards  the  smaller  end  the  strap 
would  not  slide  with  certainty  and  ease.  We  have  already  shown  that  the  number  of 
effective  turns  of  the  bobbin  is  inversely,  as  the  diameter  of  the  bobbin ;  or  directly,  as 
the  successive  diameters  of  the  different  points  of  the  cone. 

H.  Houldsworth,  jun.  Esq.  has  introduced  a  capital  improvement  into  the  bobbin  and 
fly  frame,  by  his  differential  or  equation-box  mechanism,  and  by  his  spring  fingers,  which, 
by  pressing  the  soft  sliver  upon  the  bobbin,  cause  at  least  a  double  quantity  to  be  wound 
upon  its  barrel.  With  the  description  of  his  patent  equation-box,  I  shall  conclude  the 
description  of  the  bobbin  and  fly  frame. 

Fig.  342  represents  a  portion  of  a  fly  frame  with  Mr.  Houldsworth's  invention. 
a  a  a  are  the  front  drawing  rollers,  turning  upon  bearings  in  the  top  of  the  machine, 
and  worked  by  a  train  of  toothed  wheels,  in  the  way  that  drawing  rollers  are  usually 
actuated. 

From  the  drawing  rollers,  the  filaments  of  cotton  or  other  material,  h  b,  are  brought 
down  to,  and  passed  through  the  arms  of  the  fliers  c  c,  mounted  on  the  tops  of  the 
spindles  d  d,  which  spindles  also  carry  the  loose  bobbins  e  e.  In  the  ordinary  mode  of 
constructing  such  machines,  the  spindles  are  turned  by  cords  or  bands  passing  from  a 
rotatory  drum  round  their  respective  pulleys  or  whirls  /,  and  the  loose  bobbins  e,  turn 
with  them  by  the  friction  of  their  slight  contact  to  the  spindle,  as  before  said ;  in  the 
improved  machine,  however,  the  movements  of  the  spindles  and  the  bobbins  are  inde- 
pendent and  distinct  from  each  other,  being  actuated  from  different  sources. 

The  main  shaft  of  the  engine  g,  turned  by  a  band  and  rigger  a  as  usual,  communicates 
motion  by  a  train  of  wheels  h,  through  the  shaft  i,  to  the  drawing  rollers  at  the 
reverse  end  of   the  machine,  and  causes  them  to  deliver  the   filaments  to  be  twisted. 
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Upon  the  main  shaft  g,  is  mounted  a  cylindrical  hollow  box  or  drum-pulley,  whence 
one  cord  passes  to  drive  the  whirls  and  spindles  /  and  d,  and  another  to  drive  the 
bobbins  e. 


This  cylindrical  box  pulley  is  made  in  two  parts,  k  and  /,  and  slipped  upon  the  axle  with 
B  toothed  wheel  m,  intervening  between  them.  The  box  and  wheel  are  shown  detached 
in  fig.  343,  and  partly  in  section  at  fig.  344.  That  portion  of  the  box  with  its  pulley 
marked  /,  is  fixed  to  the  shaft  g ;  but  the  other  part  of  the  box  and  its  pulley  k,  and  the 
toothed  wheel  m,  slide  loosely  round  upon  the  shaft  g,  and  when  brought  in  conlact  and 
confined  by  a  fixed  collar  n,  as  in  the  machine  shown  at  fig.  342,  they  constitute  two 
distinct  pulleys,  one  being  intended  to  actuate  the  spindles,  and  the  other  the  bobbins. 

In  the  web  of  the  wheel  m,  a  small  bevel  pinion  o,  is  mounted  upon  an  axle  standing 
at  right  angles  to  the  shaft  g,  which  pinion  is  intended  to  take  into  the  two  bevel  pinions 
p  and  q,  respectively  fixed  upon  bosses,  embracing  the  shaft  in  the  interior  of  the  boxes  k 
and  /.  Now  it  being  remembered  that  the  pinion  q,  and  its  box  /,  are  /ixed  to  the  shaft 
g,  and  turn  with  it,  if  the  loose  wheel  7n  be  independently  turned  upon  the  shaft,  with  a 
different  velocity,  its  pinion  o,  taking  into  q,  will  be  made  to  revolve  upon  its  axle,  and 
to  drive  the  pinion  p,  and  pulley  box  fr,  in  the  same  direction  as  the  wheel  m ;  and  this 
rotatory  movement  of  the  box  k  and  wheel  m,  may  be  faster  or  slower  than  the  shaft  g-. 
and  box  /,  according  to  the  velocity  with  which  the  wheel  m  is  turned. 

Having  explained  the  construction  of  the  box  pulleys  k  and  I,  which  are  the  peculiar 
features  of  novelty  claimed  under  this  patent,  their  office  and  advantage  v;ill  be  seen  by 
describing  the  general  movements  of  the  machine. 

The  main  shaft  g,  being  turned  by  the  band  and  rigger  a,  as  above  said,  the  train  of 
wheels  h,  connected  with  it,  drives  the  shaft  i,  which  at  its  reverse  end  has  a  pinion  (not 
seen  in  the  figure)  that  actuates  the  whole  series  of  drawing  rollers  a.  Upon  the  shaft 
i  there  is  a  sliding  pulley  r,  carrying  a  band  s,  which  passes  down  to  a  tension  pulley  t, 
and  is  kept  distended  by  a  weight.  This  band  s,  in  its  descent,  comes  in  contact  with 
the  surface  of  the  cone  ?«,  and  causes  the  cone  to  revolve  by  the  friction  of  the  band 
running  against  it.  The  pulley  r  is  progressively  slidden  along  the  shaft  i,  by  means  of 
a  rack  and  weight  not  shown,  but  well  understood  as  common  in  these  kind  of  machines, 
and  which  movement  of  the  pulley  is  for  the  purpose  of  progressively  shifting  the  band 
s  from  the  smaller  to  the  larger  diameter  of  the  cone,  in  order  that  the  speed  of  its 
rotation  may  gradually  diminish  as  the  bobbins  fill  by  the  winding-on  of  the  yarns. 

At  the^nd  of  the  axle  o[  the  cone  u  a  small  pinion  v  is  fixed,  which  takes  into  the 
teeth  of  the  loose  wheel  m,  and,  as  the  cone  turns,  drives  the  wheel  m  round  upon  the 
shaft  g,  with  a  speed  dependant  always  upon  the  rapidity  of  the  rotation  of  the  cone. 
Now  the  box  pulley  Z,  being  fixed  to  the  main  shaft  g,  turns  with  one  uniform  speed, 
and  by  cords  passing  from  it  over  guides  to  the  whorls  /,  drives  all  the  spindles  and 
fliers,  which  twist  the  yarns  with  one  continued  uniform  velocity  j  but  the  box  pulley  k, 
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being  loose  upon  the  shaft,  and  actuated  by  the  bevel  pinions  within,  as  described,  is 
maile  to  revolve  by  the  rotation  of  the  wheel  rn,  independent  of  the  shaft,  and  with  a 
different  speed  from  the  pulley  box  I;  cords  passing  from  this  pulley  box  k,  over  guides 
to  small  pulleys  under  the  bobbins,  communicate  the  motion,  whatever  it  may  be,  of  the 
pulley  box  k,  to  the  bobbins,  and  cause  them  to  turn,  and  to  take  up  or  wind  the  yarn 
with  a  speed  derived  from  this  source,  independent  of,  and  different  from,  the  speed  of 
the  spindle  and  flier  which  twist  the  yarn. 

It  will  now  be  perceived,  that  these  parts  being  all  adjusted  to  accommodate  the 
takins;  up  movements  to  the  twisting  or  spinning  of  any  particular  quality  of  yarn 
intended  to  be  produced,  any  variations  between  the  velocities  of  the  spinning  and 
taking  up,  which  another  quality  of  yarn  may  require,  can  easily  be  effected,  by  merely 
changing  the  pinion  v,  for  one  with  a  difierent  number  of  teeth,  which  will  cause  the 
wheel  m,  and  the  pulley  box  k,  to  drive  the  bobbins  faster  or  slov/er,  as  would  be  required 
in  winding-on  fine  or  coarse  yarn,  the  speed  of  the  twisting  or  spinning  being  the 
same. 

The  rovings  or  spongy  cords,  of  greater  or  less  tenuity,  made  on  the  bobbin  and  fly, 
or  tube  roving  frame,  are  either  spun  immediately  into  firm  cohesive  yarn,  or  receive  a 
further  preparation  process  in  the  stretching  frame,  which  is,  in  fact,  merely  a  mule- 
jenny,  without  the  second  draught  and  second  speed,  and  therefxire  need  not  be  described 
at  present,  as  it  will  be  in  its  place  afterwards. 

The  finishing  machines  of  a  cotton  mill,  which  spin  the  cohesive  yarn,  are  of  two 
classes ;  1.  the  water-twist  or  throstle,  in  which  the  twisting  and  winding  are  performed 
simultaneously  upon  progressive  portions  of  the  roving;  and,  2.  the  mule,  in  which  the 
thread  is  drawn  out  and  stretched,  with  little  twist,  till  a  certain  length  of  about  5  feet 
is  extended,  then  the  torsion  is  completed,  and  the  finished  thread  is  immediately  wound 
upon  the  spindles  into  double  conical  coils  called  cops. 

The  water-twist  frame,  so  called  by  its  inventor.  Sir  R.  Arkwright,  because  it  was  first 
driven  by  water,  is  now  generally  superseded  by  the  throstle  frame,  in  which  the  me- 
chanical spinning  finsers,  so  to  speak,  are  essentially  the  same,  but  the  mode  of  commu- 
nicating the  motion  of  the  mill-gearing  to  them  is  somewhat  different.     Fig.  345  exhibits 
a  vertical  section  of  the  throstle.     This  machine  is  double,  possessing  upon  each  side  of 
its  frame  a  row  of  spindles  with  all  their  subsidiary  parts.     The  bobbins,  filled  with 
rovings  from  the  bobbin  and  fly,  or  the  tube  frame,  are  set  up  in  the  creel  a  a,  in  two 
ranges,     b,  c,  d,  are  the  three  usual  pairs  of  drawing  rollers,  through  which  the  yarn 
is  attenuated  to  the  proper  degree  of  fineness,  upon  the  principles  already  explained. 
At  its  escape  from  the  front  rullers,  every  thread  runs  through  a  guide  eyelet  e  of  wire, 
which  cives  it  the  vertical  direction  down  towards  the  spindles/,  g»    The  spindles  which 
perform  at  once  and  uninterruptedly  the  twisting  and  winding-on  of  the  thread  delivered 
by  the  rollers,  are  usually  made  of  steel,  and  tempered  at  their  lower  ends.     They  stand 
at  g  in  steps,  pass  at  v  throush  a  brass  bush  or  collet  which  keeps  them  upright,  and 
revolve  with  remarkable  speed  upon  their  axes.     The  bobbins  h,  destined  to  take  up  the 
yarn  as  it  is  spun,  are  stuck  loosely  upon  the  sjiindles,  and  rest  independently  of  the 
rotation  of  the  spindles  upon  the  copping  beam  /,  with  a  leather  washer  between.     Upon 
the  tnp  of  the  spindles  an  iron-wire  fork,  called  a  fly  or  flier,  i,  k,  is  made  fast  by  a 
left-hand   screw,  and  has  one  of  its  forks  turned  round   at  the  end    into  a  little  ring. 
The  branch  of  the  flier  at  /  is  tubular,  to  allow  the  thread  to  pass  through,  and  to 
escape  by  a  little  hole  at  its  side,  in  order  to  reach  the  eyelet  at  the  end  of  that  fork. 
From  this  eyelet  i,  it  proceeds  directly  to  the  bobbin.     By  the  twilling  of  the  spindle, 
llie  twistinz  of  the  portion  of  thread  between   the  front  roller  d  and  the  nozzle  /  is 
efl'ected.     The  winding-on  takes  place  in  the  followins  way; — Since  the  bobbin  has  no 
other  connexion  with  the  spindle  than  that  of  the  thread,  it  would,  but  for  it,  remain 
entirely  motionless,  relatively  to  the  spindle.     But  the  bobbin  is  pulled  after  it  by  the 
tliread,  so  that  it  must  follow  the  rotation  of  the  spindle  and  fly.     When  we  consider 
that  the  thread  is  pinched  by  the  front  roller  d,  and  is  thereby  kept  fully  upon  the 
stretch,  we  perceive  that  the  rotation  of  the  bobbin  must  be  the  result.     Suppose  now 
t';c  tension  to  be  suspended  lor  an  instant,  while  the  rollers  d  deliver,  for  example,  one 
incli  of  yarn.     The  inertia  or  weight  of  the  bobbin,  and  its  friction  upon  the  copping 
beam  /,  by  means  of  the  leather  washer,  will,  under  this  circumstance,  cause  the  bobbin 
to  bans  back  in  a  state  of  rest,  till  the  said  inch  of  yarn  be  wound  on  by  the  whirling 
of  the  fly  i,  and  the  former  tension  be  restored.     The  delivery  of  the  yarn  by  the  drawing 
rollers,  however,  does  not  take  place  inch  after  inch,  by  starts,  but  at  a  certain  continu- 
ous rate ;  from  whence  results  a  continuous  retardation  or  loitering,  so  to  speak,  of  the 
bobbins  behind  the  spindles,  just  to  such  an  amount  that  the  delivered  yarn  is  wound  up 
at  the  same  time  during  the  rotation. 

This  process  in  spinning  is  essentially  the  same  as  what  occurs  in  the  fine  bobbin 
and  fly  frame,  but  is  here  simplified,  as  the  retardation  regulates  itself  according  to 
the  diameter  of  the  bobbin  by  the  drag  of  the  thread.    In  the  fly  frame  the  employmeal 
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of  this  tension  is  impossible,  because  the  roving  has  too  little  cohesion  to  bear  the  strain ; 
and  hence  it  is  necessary  to  give  the  bobbins  that  independent  movement  of  rotation 
which  so  complicates  this  machine. 

The  up  and  down  motion  of  the  bobbins  along  the  spindles,  which  is  required  for 
the  equal  distribution  of  the  yarn,  and  must  have  the  same  range  as  the  length  of  the 
bobbin  barrels,  is  performed  by  the  following  mechanism.  Every  copping  rail,  I,  is 
made  fast  to  a  bar  m,  and  this,  which  slides  in  a  vertical  groove  or  slot  at  the  end  of 
the  frame,  is  connected  by  a  rod  n,  with  an  equal-armed,  moveable  lever  o.  The  rod  p 
carries  a  weight  r,  suspended  from  this  lever ;  another  rod,  q,  connects  the  great  lever  o 
with  a  smaller  one  s,  t,  upon  which  a  heart-shaped  disc  or  pulley,  u,  works  from  below 
at  t.  By  the  rotation  of  the  disc  m,  the  arm  t,  being  pressed  constantly  down  upon  it  by 
the  reaction,  the  weight  r  must  alternately  rise  and  fall ;  and  thus  the  copping  rail  /  must 
obviously  move  with  the  bobbins  h  up  and  down ;  the  bobbins  upon  one  side  of  the  frame 
rising,  as  those  upon  the  other  sink.  Strictly  considered,  this  copping  motion  should 
become  slower  as  the  winding-on  proceeds,  as  in  the  fly  roving  frame ;  but,  on  account 
of  the  smallness  of  the  finished  thread,  this  construction,  which  would  render  the 
machine  complicated,  is  without  inconvenience  neglected,  with  the  result  merely  that  the 
coils  of  the  yarn  are  successively  more  sparsely  laid  on,  as  the  diameter  of  the  bobbin 
increases. 

The  movement  of  the  whole  machine  proceeds  from  the  shaft  of  a  horizontal  drum, 
which  drives  the  spindles  by  means  of  the  endless  bands  x  x.  Each  spindle  is  mounted 
with  a  small  pulley  or  wharf,  w,  at  its  lower  part,  and  a  particular  band,  which  goes 
round  that  wharf  or  whorl,  and  the  drum  y.  The  bands  are  not  drawn  tense,  but  hang 
down  in  a  somewhat  slanting  direction,  being  kept  distended  only  by  their  own  weight. 
Thus  every  spindle,  when  its  thread  breaks,  can  readily  be  stopped  alone,  by  applying  a 
slight  pressure  with  the  hand  or  knee,  the  band  meanwhile  gliding  loosely  round  the  whorl. 
The  velocities  of  rotation  of  the  three  drawing  rollers  are,  according  to  this  arrange- 
ment, in  the  proportion  of  1  ;  I5  :  8;  and  as  their  diameters  are  the  same,  namely,  one 
inch,  the  elongation  of  the  yarn  in  spinning  is  eight-fold.  If,  for  example,  the  roving 
was  of  the  number  4|,  the  yarn  would  become  No.  36.  The  extension  of  the  thread 
may  be  changed  by  changing  the  wheels  of  the  drawing  rollers.  To  perceive  the  power 
of  this  change,  let  us  put,  for  example,  in  the  place  of  the  18-toothed  wheel  of  the  back 
rollers,  a  wheel  with  16  teeth ;  we  shall  find  that  the  elongation  will  amount,  in  that 
case,  only  to  7|  times,  whence  the  number  of  the  yarn  would  come  out  32  =  7|  X  41. 
The  extension  by  the  throstle  is  extremely  various :  it  amounts,  in  some  cases,  to  only  4 
times;  at  others  to  10,  12,  or  even  15. 

The  copping  motion  of  the  bobbins  is  produced  in  consequence  of  a  bevel  pinion  work- 
ing in  a  small  bevel  wheel  upon  an  upright  shaft;  while  this  wheel  gives  a  slow  motion 
by  means  of  a  worm  screw  to  the  wheel  of  the  heart-shaped  pulley  u,fig.  345. 

The  driving  pulley  makes  about  600 
turns  in  a  minute  ;  and  as  the  diameter  of 
the  drum  y,  Jig.  345,  is  six  times  the  di- 
ameter of  the  spindle  wharves  iv,  it  will 
give  3600  turns  to  the  spindle  in  that  time. 
If  the  pulley  be  driven  faster,  for  example, 
700  times  in  a  minute,  it  will  increase  the 
revolutions  of  the  spindles  to  4200.  The 
degree  of  twist  which  will  be  thereby  im- 
parted to  the  yarn,  depends,  with  like  speed 
of  spindles,  upon  the  rate  at  which  the  soft 
yarn  is  delivered  by  the  drawing-rollers; 
for  the  quicker  this  delivery  the  quicker  is 
the  winding-on,  and  the  less  twist  goes  into 
a  given  length  of  yarn.  If,  for  example, 
the  front  rollers  d  turn  24  times  in  a 
minute,  giving  out  of  course  72  inches  of 
yarn  in  this  time,  upon  which  the  3600 
revolutions  of  the  spindle  are  expended, 
there  will  be  50  twists  to  every  inch  of 
yarn.  By  changing  the  wheel-v/ork  of 
fig.  345,  or  by  sticking  greater  or  smaller  wharves  upon  the  spindles,  the  proportion  be- 
tween their  velocity  and  that  of  the  drawing;  rollers,  and  thence  the  degree  of  twist,  can 
be  modified  at  pleasure. 

The  number  of  spindles  in  a  throstle  frame  12  feet  long  is  about  60  on  each  side. 
The  drawing  rollers  are  coupled  together  as  in  the  bobbin  and  fly  frame,  so  that  each 
row  forms  one  continuous  cylinder.  There  is  a  complete  roller  beam  on  each  side; 
each  of  the  rollers  of  the  front  row  is  pressed  bv  its  top  rollers  with  a  weight  of  ten  oi 
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twelve  pounds ;  but  those  of  the  middle  and  back  rows  bear  weights  of  only  one  pound. 
In  the  throstles,  there  is  a  guide  bar  which  traverses  a  small  way  horizontally  to  the  left 
and  right,  in  front  of  the  roller  beam,  to  lead  the  thread  along  different  points  of  the 
rollers,  and  thus  prevent  the  leather  of  the  top  ones  from  being  grooved  by  its  constant 
pressure  in  one  line. 

For  the  service  of  240  spindles,  in  two  double  frames,  one  young  woman  and  an  assist- 
ant piecer  are  sufficient.  They  mend  the  broken  ends,  and  replace  the  empty  bobbins 
in  the  creel  with  full  ones,  and  the  full  bobbins  of  the  throstle  by  empty  ones.  The 
average  quantity  of  yarn  turned  oft'  in  a  week  of  69  hours  is  about  24  hanks  per  spindle 
of  30's  twist.  Throstle  yarn  is  of  a  firm  wiry  quality,  adapted  to  the  warps  of  fustians 
and  other  strong  stuffs,  as  well  as  to  the  manufacture  of  stockings  and  sewing  thread. 

There  are  many  modifications  of  the  throstle  system  besides  the  one  above  described ; 
the  most  celebrated  of  which  are  Danforth's,  called  the  American  throstle,  Montgomery's, 
and  Gore's.  I  must  refer  for  an  account  of  them  to  my  work  entitled  "  The  Cotton  Ma- 
nufacture of  Great  Britain,"  where  they  are  minutely  described  and  illustrated  with 
accurate  figures. 

Muk-spimiing. — The  general  principles  of  the  mule  have  been  already  stated.     This 

machine  is  so  named  because  it  is  the  ofl'spring,  so  to  speak,  of  two  older  machines,  the 

jenny  and  the  water-frame.     A  mule  is  mounted  with  from  240  to  1000  spindles,  and 

spins,  of  course,  as  many  threads.  „. 

^     '  '  ^  Fig.  346  represents  the 

original  jenny  of  Har- 
greaves,  by  which  one 
person    was    enabled   to 

, ,  spin  from  16  to  40  threads 

-A^,==slfc . —  /y  \\       ^^nix^—Zj^    ^         at  once.     The  soft  cords 

of  rovings  wound  in  dou- 
ble conical  cops  upon 
skewers  were  placed  in 
the  inclined  frame  at  c ; 
the  spindles  for  first 
twisting  and  then  wind- 
ing-on  the  spun  yarn 
were  set  upright  in  steps 
and  bushes  at  a,  being 
furnished  near  their  lower 
'ends  with  whorls,  and  endless  cords,  which  were  driven  by  passing  round  the  long- 
revolving  drum  of  tin  plate  k.  d  is  the  clasp  or  clove,  having  a  handle  for  lifting 
its  upper   jaw  a  little  way,  in  order  to  allow  a  few  inches  of   the  soft  roving  to  be 
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introduced.  The  com- 
pound clove  D  being  now 
pushed  forward  upon  its 
friction  wheels  to  A,  was 
next  gradually  drawn 
backward,  while  the  spin- 
dles were  made  to  revolve 
with  proper  speed  by  the 
right  hand  of  the  opera- 
tive turning  the  fly-wheel 
B.  Whenever  one  stretch 
was  thereby  spun,  the 
clove  frame  was  slid 
home  towards  A ;  the 
spindles  being  simulta- 
neously whirled  slowly 
to  take  up  the  yarn, 
which  was  laid  on  in  a 
conical  cop  by  the  due 
depression  of  the  faller 
wire  at  A  with  the  spin- 
ner's left  hand. 

Fig.  347  is  a  diagram 
of  Arkwright's  oriijinal 
water  -  frame  spinning 
machine,  called  after- 
wards  the   water  -  twist 
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frame.  The  rovings  mounted  upon  bob- 
bins in  the  creel  a  a,  have  their  ends  led 
through  between  the  three  sets  of  twin 
rollers  below  b  b,  thence  down  through 
the  eyelet  hooks  upon  the  end  of  the  fliers 
of  the  spindles  c,  and  finally  attached  to 
their  bobbins.  The  spindles  being  driven 
by  the  band  d  d  upon  their  lower  part,  con- 
tinuously twist  and  wind  the  finished  yarn 
upon  the  bobbins;  constituting  the  first 
unremitting  automatic  machine  for  spinning 
which  the  world  ever  saw. 

Contrast  with  the  above  admirable  sys- 
tem, the  primitive  cotton  wheel  of  India,  as 
represented  in  the  annexed  figure  348.  By 
the  aid  of  mechanical  fingers,  one  English- 
man at  his  mule  can  turn  off  daily  more 
yarn  and  of  far  finer  quality  than  200  of 
the  most  diligent  spinsters  of  Hindostan. 
Fig.  349  is  a  transverse  section  of  the  mule,  in  which  its  principal  parts  are  shown. 


The  machine  consists  of  two  main  parts ;  a  fixed  one  corresponding  in  some  mea- 
sure to  the  water-frame  or  throstle,  and  a  moveable  one  corresponding  to  the  jenny. 
The  first  contains  in  a  suitable  frame  the  drawing  roller-beam  and  the  chief  moving 
machineiy :  the  second  is  called  the  carriage,  in  which  the  remainder  of  the  moving 
mechanism  and  the  spindles  are  mounted. 

The  frame  of  the  fixed  part  consists  of  two  upright  sides,  and  two  or  more  intermediate 
parallel  bearings,  upon  which  the  horizontal  roller  beam  a,  the  basis  of  the  drawing  rollers 
is  supported.  6,  c,  d,  are  the  three  ranges  of  fluted  iron  rollers  ;  e,f,  g,  are  the  upper  iron 
rollers  covered  with  leather;  h,  the  wooden  wiper-rollers  covered  with  flannel,  which 
being  occasionally  rubbed  with  chalk,  imparts  some  of  it  to  the  pressure  rollers  beneath, 
so  as  to  prevent  the  cotton  filaments  adhering  to  them.     The  rollers  are  made  through- 
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out  the  whole  length  of  the  mule  in  portions  containing  six  flutings,  which  are  coupled 
together  by  squared  ends  fitted  into  square  holes. 

The  skewers  upon  which  the  bobbins  containing  the  rovings  from  the  bobbin  and  fly 
or  stretching  IVame  are  set  up,  are  seen  at  a^,  ai,  a',  arranged  in  three  rows  in  the 
creel  z.  The  soft  threads  unwound  from  these  bobbins,  in  their  way  to  the  drawing 
rollers,  pass  first  through  eyelets  in  the  ends  of  the  wire  arms  6',  then  through  the 
rings  or  eyes  of  the  guide  bar  w,  and  enter  between  the  back  pair  of  rollers.  The 
number  of  these  bobbins  is  equal  to  the  number  of  spindles  in  the  mule,  and  twice  as 
great  as  the  number  of  fluted  portions  of  the  rollers ;  for  two  threads  are  assigned  to 
each  poition. 

The  carriage  consists  of  two  cast-iron  side  pieces,  and  several  cast-iron  intermediate 
similar  pieces,  such  as  fi,  which  all  tosrether  are  made  fast  to  the  planks  62,  cs,  d2.  Tlie 
top  is  covered  in  with  the  plank  /c2.  The  carriage  runs  by  means  of  its  cast-iron  grooved 
wheels,  upon  the  cast-iron  railway  /2,  which  is  fixed  level  on  the  floor. 

The  spindles  stand  upon  the  carriage  in  a  frame,  which  consists  of  two  slant  rails  x2, 
x2,  connected  by  two  slender  rods  yi,  and  which  frame  may  be  set  more  or  less  obliquely. 
The  lower  rail  carries  the  brass  slejis  for  the  points  of  the  spindles  b3;  upon  the  upper 
rail  brass  slips  are  fixed  pierced  with  holes  through  which  the  tops  of  the  spindles  play. 
The  spindles  are  as  usual  made  of  steel,  perfectly  straight,  turned  truly  round,  and  are 
all  arranged  in  one  plane.  To  each  of  them  a  small  wooden  or  cast-iron  whorl  g2  is 
made  fast.  They  are  distributed  into  groups  of  24,  and  the  whorls  are  arranged  at 
such  diflVrent  heights,  that  only  two  of  them  in  each  group  are  upon  a  level  with  each 
other.  A  small  brass  head  /t2,  which  every  spindle  has  beneath  the  upper  slant  rail  of 
the  frame  a-2,  prevents  their  sitting  down  into  the  step,  during  their  rotation,  or 
sliding  off  their  cop  of  yarn. 

c3  are  drums,  mounted  in  the  carriage  in  a  plane  at  right  angles  to  the  plane  in 
which  the  spindles  are  placed.  At  top  they  have  a  double  groove  for  a  cord  to  run 
in,  and  the  motion  which  they  receive  from  the  great  fly  wheel,  or  rim  of  the  mule  (not 
visible  in  this  view)  they  impart  to  the  spindles.  Such  a  drum  is  assigned  to  every  24 
spindles;  and  therefore  a  mule  of  480  spindles  contains  20  drums.  In  the  middle  of 
the  carriage  is  seen  the  horizontal  pulley  /c3,  furnished  with  three  grooves,  which  stands 
in  a  line  with  the  drums  c3. 

The  motion  is  given  to  the  drums  c3,  upon  the  right  hand  half  of  the  carriage,  by  a 
single  endless  band  or  cord  which  proceeds  from  the  middle  groove  of  the  pulley  /c3. 
The  rotation  of  the  spindles  is  produced  by  a  slender  cord,  of  which  there  are  12  upon 
each  drum  c3;  because  every  such  cord  goes  round  the  drum,  and  also  every  two  wharves 
which  stand  at  the  same  level  upon  the  spindles.  It  is  obvious  that  the  drums,  and 
consequently  the  spindles,  must  continue  to  revolve  as  long  as  the  main  rim  of  the  mule 
is  turned,  whether  the  carriage  be  at  rest  or  in  motion  upon  its  railway. 

If  we  suppose  the  carriage  to  be  run  in  to  its  standing  point,  or  to  be  pushed  home 
to  the  spot  from  which  it  starts  in  spinning,  its  back  plank  di  will  strilce  the  post  53 
upon  the  fixed  frame,  and  the  points  of  the  spindles  will  be  close  in  front  of  the  roller 
beam.  The  rollers  now  begin  to  turn  and  to  deliver  threads,  which  receive  immediately 
a  portion  of  their  twist  from  the  S'pindles;  the  carriage  retires  from  the  roller  beam 
with  somewhat  greater  speed  than  the  surface  speed  of  the  front  rollers,  whereby  the 
threads  receive  a  certain  degree  of  stretching,  Avhich  afl^ects  most  their  thicker  and  less 
twisted  portions,  and  thereby  contributes  greatly  to  the  levelness  of  the  yarn.  When 
the  carriage  has  run  out  to  the  end  of  its  course,  or  has  completed  a  stretch,  the  fluted 
rollers  suddenly  cease  to  revolve  (and  sometimes  even  beforehand,  when  a  second 
stretch  is  to  be  made),  but  the  spindles  continue  to  whirl  till  the  fully  extended  threads 
have  received  the  proper  second  or  after-twist.  Then  the  carriage  must  be  put  up,  or  run 
back  towards  the  rollers,  and  the  threads  must  be  wound  upon  the  spindles. 

This  is  the  order  of  movements  which  belong  to  the  mule.  It  has  been  shown  how 
the  rotation  of  the  spindles  is  produced. 

For  winding-on  the  yarn  the  carriage  has  a  peculiar  apparatus,  which  we  shall  now 
describe.  In  front  of  it,  through  the  whole  extent  to  the  risht  hand  as  well  as  the  left, 
a  slender  iron  rod,  d^,  runs  horizontally  along,  in  a  line  somewhat  higher  than  the  mid- 
dle* of  the  copping  portion  of  the  spindles,  and  is  supported  by  several  props,  such  as 
c5.  Upon  each  end  of  the  two  rods,  rfs,  there  is  an  arm,  gs  ;  and  betwixt  these  arms  an 
iron  wire,  called  the  copping  Avire,  fs,  is  stretched,  parallel  with  the  rod  rfs.  For  ihe 
support  of  this  wire,  there  are  several  slender  bent  arms  hs  extended  from  the  rod  rfi 
at  several  points  betwixt  the  straight  arms  gs.  The  rod  ds  has,  besides,  a  wooden 
handle  at  the  place  opposite  to  where  the  spinner  stands,  by  which  it  can  be  readily 
grasped.  This  movement  is  applied  at  the  left  division  of  the  machine,  and  it  is  com- 
municated to  the  right  by  an  apparatus  which  resembles  a  crane's  bill.  The  two  arms, 
gs,  in  the  middle  of  the  machine,  project  over  the  rods  d^,  and  are  connected  by  hinges 
with  two  vertical  rods/5,  which  hang  together  downwards  in  like  manner  with  two  arms 
is,  proceeding  from  a  horizontal  axis  ks. 
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By  means  of  that  apparatus  the  yarn  is  wound  upon  the  spindles  in  the  following 
manner.  As  long  as  the  stretchin?  and  twistine;  go  on,  the  threads  form  an  obtuse  angle 
with  the  spindles,  and  thereby  slide  continually  over  their  smooth  rounded  tips  during 
their  revolution,  without  the  possibility  of  coiling  upon  them.  When,  however,  the  spin- 
ning process  is  completed,  the  spinner  seizes  the  carriage  with  his  left  hand  and  pushes 
it  back  towards  the  roller  beam,  while  with  his  right  hand  he  turns  round  the  handle  of 
the  rim  or  fly  wheel,  and  consequently  the  spindles.  At  the  same  time,  by  means  of 
the  handle  upon  the  rod  rfs,  he  moves  the  copping-wire/s,  so  that  it  presses  down  all  the 
threads  at  once,  and  places  them  in  a  direction  nearly  perpendicular  to  the  spindles ; 
as  shown  by  the  dotted  line  y5.  That  this  movement  of  the  copping  wire,  however,  may 
take  place  without  injury  to  the  yarn,  it  is  necessary  to  turn  the  rim  beforehand  a  little 
in  the  opposite  direction,  so  that  the  threads  may  get  uncoiled  from  the  upper  part  of  the 
spindles,  and  become  slack;  an  operation  called  in  technical  language  the  backing  off. 
The  range  upon  which  the  threads  should  be  wound,  in  order  to  form  a  conical  cop  upon 
the  spiadle,  is  hit  by  depressing  the  copping  wire  to  various  angles,  nicely  graduated  by 
an  experienced  eye.  This  faller  wire  alone  is  not,  however,  sufficient  for  the  purpose  of 
winding-on  a  seemly  cop,  as  there  are  always  some  loose  threads  which  it  cannot  reach 
without  breaking  others. 

Another  wire  called  the  counler-faller,  Is,  must  be  applied  under  the  threads.  It  may 
be  raised  to  an  elevation  limited  by  the  angular  piece  ps  ;  and  is  counterpoised  by  a  very 
light  weight  ms,  applied  through  the  bent  lever  ns,  which  turns  upon  the  fulcrum  os. 
This  wire,  which  applies  but  a  gentle  pressure,  gives  tension  to  all  the  threads,  and 
brings  them  regularly  into  the  height  and  range  of  the  faller  fs.  This  wire  must  be 
raised  once  more,  whenever  the  carriage  approaches  the  roller  beam.  At  this  instant  a 
new  stretch  commences ;  the  rollers  begin  again  to  revolve,  and  the  carriage  resumes  its 
former  course.     These  motions  are  performed  by  the  automatic  machinery. 

There  is  a  little  eccentric  pulley  mechanism  for  moving  the  guide  beam  to  and  frc 
with  the  soft  yarns,  as  they  enter  between  the  back  rollers.  On  the  right  hand  end  of 
the  back  roller  shaft,  a  worm  screw  is  formed  which  works  into  the  oblique  teeth  of  a 
pinion  attached  to  the  end  of  the  guide  beam,  in  which  there  is  a  series  of  holes  for  the 
passage  of  the  threads,  two  threads  being  assigned  to  each  fluted  roller.  In  the  flat  disc 
of  the  pinion,  an  eccentric  pin  stands  up  which  takes  into  the  jointed  lever  upon  the  end 
of  the  guide  beam,  and,  as  it  revolves,  pushes  that  beam  alternately  to  the  left  and  the 
right  by  a  space  equal  to  its  eccentricity.  This  motion  is  exceedingly  slow,  since  for 
each  revolution  of  the  back  roller,  the  pinios  advances  only  by  one  tooth  out  of  the  33 
which  are  cat  in  its  circumference. 

After  counting  the  number  of  teeth  in  the  different  wheels  and  pinions  of  the  mule,  or 
measuring  their  relative  diameters,  it  is  easy  to  compute  the  extension  and  twist  of  the 
yarns;  and  when  the  last  fineness  is  given  to  ascertain  their  marketable  value.  Let  the 
ratio  of  speed  between  the  three  drawing  rollers  be  1  :  1-JL  :  ?§  ;  and  the  diameter  of  the 
back  and  middle  roller  three  quarters  of  an  inch  :  that  of  the  front  roller  one  inch;  in 
wliich  case  the  drawing  is  thereby  increased  1|  times,  and  Tf  X  li  =  10.  If  the  rovings 
in  the  creel  bobbins  have  been  No.  4,  the  yarn,  after  passing  through  the  rollers,  will  be 
No.  40.  By  altering  the  change  pinion  (not  visible  in  this  view)  the  fineness  may  be 
changed  within  certain  limits,  by  altering  the  relative  speed  of  the  rollers.  For  one  revo- 
Intion  of  the  great  rim  or  fly  wheel  of  the  mule,  the  front  roller  makes  about  6  tenths  of 
a  turn,  and  delivers  therefore  22-6  lines  or  12ths  of  an  inch  of  yarn,  which,  in  conse- 
quence of  the  tenfold  draught  through  the  rollers,  corresponds  to  2-26  lines  of  roving  fed 
in  at  the  back  rollers.  The  spindles  or  their  whorls  make  about  66  revolutions  for  one 
turn  of  the  rim.  The  pulleys  or  grooved  Avheels  on  which  the  carriage  runs,  perform 
0-107  part  of  a  turn  while  the  rim  makes  one  revolution,  and  move  the  carriage  24*1 
lines  upon  its  rails,  the  wheels  being  6  inches  in  diameter. 

The  22*6  lines  of  soft  yarn  delivered  by  the  front  rollers  will  be  stretched  1^  lines 
by  the  carriage  advancing  24*1  lines  in  the  same  time.  Let  the  length  of  the  railway, 
or  of  each  stretch,  be  5  feet,  the  carriage  will  complete  its  course  after  30  revolutions  of 
the  rim  wheel,  and  the  5  feet  length  of  yarn  (of  which  56^  inches  issue  from  the  drawing 
rollers,  and  3|  inches  proceed  from  the  stretching)  is,  by  the  simultaneous  whirling  of 
the  spindles,  twisted  1980  times,  being  at  the  rate  of  33  twists  for  every  inch.  The 
second  twist,  which  the  threads  receive  after  the  carriage  has  come  to  repose,  is  regu- 
lated according  to  the  qualit];  of  the  cotton  wool,  and  the  purpose  for  which  the  yarn  is 
spun.  For  warp  yarn  of  No.  40  or  50,  for  example,  6  or  8  turns  of  the  rim  wheel,  that 
is,  from  396  to  528  whirls  of  the  spindles  for  the  Avhole  stretch,  therefore  from  7  to  9 
twists  per  inch  will  be  sufficient.  The  finished  yarn  thus  receives  from  40  to  42  twists 
per  inch. 

One  spinner  attends  to  two  mules,  which  face  each  other,  so  that  he  needs  merely 
turn  round  in  the  spot  where  he  stands,  to  find  himself  in  the  proper  position  for  the 
other  mule.     For  this  reason  the  rim  wheel  and  handle,  by  which  he  operates,  are  not 
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placed  in  the  middle  of  the  length  of  the  machine,  but  about  two  fifths  of  the  spindles 
are  to  the  right  hand  and  three  fifths  to  the  left;  the  rim  wheel  being  towards  his  right 
hand.  The  carriage  of  the  one  mule  is  in  the  act  of  going  out  and  spinning,  while  that 
of  the  other  is  finishing  its  twist,  and  being  put  up  by  the  spinner. 

The  quantity  of  yarn  manufactured  by  a  mule  in  a  given  time,  depends  directly 
upon  the  number  of  the  spindles,  and  upon  the  time  taken  to  complete  every  stretch  of 
the  carriage.  Many  circumstances  have  an  indirect  influence  upon  that  quantity,  and 
particularly  the  degree  of  skill  possessed  by  the  spinner.  The  better  the  machine,  the 
steadier  and  softer  all  its  parts  revolve,  the  better  and  more  abundant  is  its  production. 
When  the  toothed  wheels  do  not  work  truly  into  their  pinions,  when  the  spindles  shake 
in  their  bushes,  or  are  not  accurately  made,  many  threads  break,  and  the  work  is 
much  injured  and  retarded.  The  better  the  staple  of  the  cotton  wool,  and  the  more 
careful  has  been  its  preparation  in  the  carding,  drawing,  and  roving  processes,  the  more 
easy  and  excellent  the  spinning  will  become  :  warmth,  dryness,  cold,  and  moisture 
have  great  influence  on  the  ductility,  so  to  speak,  of  cotton.  A  temperature  of  65°  F., 
with  an  atmosphere  not  too  arid,  is  found  most  suitable  to  the  operations  of  a  spinning 
mill.  The  finer  the  yarn,  the  slower  is  the  spinning.  For  numbers  from  20  to  36, 
from  2  to  3  stretches  of  warp  may  be  made  in  a  minute,  and  nearly  3  stretches  of  weft ; 
for  numbers  above  50  up  to  100,  about  2  stretches ;  and  for  numbers  from  100  to  150, 
one  stretch  in  the  minute.  Still  finer  yarns  are  spun  more  slowly,  which  is  not 
wonderful,  since,  in  the  fine  spinning  mills  of  England,  the  mules  usually  contain 
upwards  of  500  spindles  each,  in  order  that  one  operative  may  manage  a  great  number 
of  them,  and  thereby  earn  such  high  wages  as  shall  fully  remunerate  his  assiduity 
and  skill. 

In  spinning  fine  numbers,  the  second  speed  is  given  before  the  carriage  is  run  out  to 
the  end  of  ils  railway ;  during  which  course  of  about  six  inches,  it  is  made  to  move  very 
slowly.  This  is  called  the  second  stretch,  and  is  of  use  in  making  the  yarn  level  by 
drawing  down  the  thicker  parts  of  it,  which  take  on  the  twist  less  readily  than  the 
thinner,  and  therefore  remain  softer  and  more  extensible.  The  stretch  may  therefore 
be  divided  into  three  stages.  The  carriage  first  moves  steadily  out  for  about  4  feet, 
■while  the  drawing  rollers  and  spindles  are  in  full  play ;  now  the  rollers  stop,  but  the 
spindles  go  on  whirling  with  accelerated  speed,  and  the  carriage  advances  slowly  about 
6  inches  more;  then  it  also  comes  to  rest,  while  the  spindles  continue  to  revolve  for  a 
little  longer,  to  give  the  final  degree  of  twist.  The  acceleration  of  the  spindles  in  the 
second  and  third  stages,  which  has  no  other  object  but  to  save  time,  is  etTected  by  a 
mechanism  called  the  counler,  which  shifts  the  driving  band,  at  the  proper  time,  upon  the 
loose  pulley,  and,  moreover,  a  second  band,  which  had,  till  now,  lain  upon  its  loose  pul- 
ley, upon  a  small  driving  pulley  of  the  rim-shaft.  At  length,  both  bands  are  shifted  upon 
their  loose  pulleys,  and  the  mule  comes  to  a  state  of  quiescence. 

The  SELF-ACTOR  MULE,  or  the  IRON  MAN,  as  it  has  been  called  in  Lancashire,  is  an 
invention  to  which  the  combinations  among  the  operative  spinners  obliged  the  masters 
to  have  recourse.  It  now  spins  good  yarn  up  to  40s  with  great  uniformity  and 
promptitude,  and  requires  only  juvenile  hands  to  conduct  it,  to  piece  the  broken  yarns, 
to  replace  the  bobbins  of  rovings  in  the  creel,  and  to  remove  the  finished  cops  from  the 
spindles. 

The  self-acting  mules  were  first  constructed,  I  believe,  by  Messrs.  Eaton,  formerly  of 
Manchester,  who  mounted  ten  or  twelve  of  them  in  that  town,  four  at  Wiln,  in  Derby- 
shire, and  a  few  in  France.  From  their  great  complexity  and  small  productiveness,  the 
whole  were  soon  relinquished,  except  those  at  Wiln.  M.  de  Jong  obtained  two  patents 
for  self-acting  mules,  and  put  twelve  of  them  in  operation  in  a  mill  at  Warrington,  of 
which  he  was  part  proprietor  ;  but  with  an  unsuccessful  result.  I  saw  the  debris  of  one 
of  M.  de  Jong's  self-actors  in  the  factory  of  M.  Nicholas  Schhimberger,  at  Guebwiller, 
in  Alsace,  where  the  machine  had  been  worked  for  three  months,  without  advantage, 
under  the  care  of  the  inventor,  who  is  a  native  of  that  valley. 

The  first  approximation  to  a  successful  accomplishment  of  the  objects  in  view,  was  an 
invention  of  a  self-actins  mule,  by  Mr.  Roberts,  of  Manchester;  one  of  the  principal 
points  of  which  was  the  mode  of  governing  the  winding-on  of  the  yarn  into  the  form  of 
a  cop  ;  the  entire  novelty  and  great  ingenuity  of  which  invention  was  universally  admit- 
ted, and  proved  the  main  step  to  the  final  accomplishment  of  what  had  so  long  been  a 
desideratum.  For  that  invention  a  patent  was  obtained  in  1825,  and  several  headstocks 
upon  the  principle  were  made,  which  are  still  working  successfully. 

In  1830,  Mr.  Roberts  obtained  a  patent  for  the  invention  of  certain  improvements; 
and  by  a  combination  of  both  his  inventions,  he  produced  a  self-acting  mule,  which  is 
generally  admitted  to  have  exceeded  the  most  sanguine  expectations,  and  which  has  been 
extensively  adopted.  There  are  probably,  at  present,  upwards  of  half  a  million  of  spin- 
dles of  Messrs.  Sharp,  Roberts,  and  Co.'s  construction,  at  work  in  the  United  Kingdom, 
and  giving  great  satisfaction  to  their  possessors.  The  advantages  of  these  self-actors 
are  the  following : — 
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The  saving  of  a  spinner's  wages  lo  each  pair  of  mules,  piecers  only  being  required, 
as  one  overlooker  is  sufficient  to  manage  six  or  eight  pairs  of  mules.  The  production 
of  a  greater  quantity  of  yarn,  in  the  ratio  of  from  15  to  20  per  cent.  The  yarn  pos- 
sesses a  more  uniform  degree  of  twist,  and  is  not  liable  to  be  strained  during  the  spin- 
ning, or  in  winding-on,  to  form  the  cop;  consequently,  fewer  threads  are  broken  in  these 
processes,  and  the  yarn,  from  having  fewer  piecings,  is  more  regular. 

The  cops  are  made  firmer,  of  better  shape,  and  with  undeviating  uniformity ;  and,  from 
being  more  regularly  and  firmly  wound,  contain  from  one  third  to  one  half  more  yarn 
than  cops  of  eqiial  bulk  wound  by  hand ;  they  are  consequently  less  liable  to  injury  in 
packing  or  in  carriase,  and  the  expense  of  packages  and  freight  (when  charged  by 
measurement)  is  considerably  reduced. 

From  the  cops  being  more  regularly  and  firmly  wound,  combined  with  their  superior 
formation,  the  yarn  intended  for  warps  less  frequently  breaks  in  winding  or  reeling,  con- 
sequently there  is  a  considerable  saving  of  waste  in  those  processes. 

Secondly,  the  advantages  connected  with  weaving. 

The  cops  being  more  regularly  and  firmly  wound,  the  yarn,  when  used  as  weft,  sel- 
dom breaks  in  weaving  ;  and  as  the  cops  also  contain  a  greater  quantity  of  weft,  there 
are  fewer  bottoms,  consequently  there  is  a  very  material  saving  of  waste  in  the  process 
of  weaving. 

From  those  combined  circumstances,  the  quality  of  the  cloth  is  improved,  by  being 
more  free  from  defects  caused  by  the  breakage  of  the  warp  or  weft,  as  well  as  the  sel- 
vages being  more  regular. 

The  looms  can  also  be  worked  at  greater  speed ;  and,  from  there  being  fewer  stop- 
pases,  a  greater  quantity  of  cloth  may  be  produced. 

That  the  advantages  thus  enumerated,  as  derivable  from  the  use  of  self-acting  mules, 
have  not  been  overrated,  but,  in  many  instances,  have  been  considerably  exceeded,  I 
have,  by  extensive  personal  inquiry  and  observation,  had  ample  opportunity  of  ascer- 
taining. 

Statement  of  the  quantity  of  yarn  produced  on  Messrs.  Sharp,  Roberts,  and  Co.'s  self- 
acting  mules,  in  twelve  working  hours,  including  the  usual  stoppages  connected  with 
spinning,  estimated  on  the  average  of  upwards  of  twenty  mills  : — 

No.  of  Yarn.  No.  of  Twist.  No.  of  Weft. 

16        -        -        4|  hanks         -        -        4|  hanks  per  spindle. 
24        -        -        4i    —  -.41  - 

32        -        -        4      —  .        -        4f  — 

40         -         -        3f     —  -         -        4i  — 

Of  the  intermediate  numbers  the  quantities  are  proportionate. 

Results  of  trials  made  by  Messrs.  Sharp,  Roberts,  and  Co.,  at  various  mills,  to  ascer- 
tain the  comparative  power  required  to  work  self-acting  mules,  in  reference  to  hand- 
mules,  during  the  spinning,  upl  to  the  period  of  backing  off. 

Particulars^of  the  trials  referred  to,  and  their  results : — 
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At  what  Mill,  and  the  Description  of 
Mule. 

No.  and  kind 
of  Yarn. 

lis 

ki 

•a  o 

Total  Force 
Employed  in 

9    U 

Spinning. 

p  = 

a;  3 

O-jO 

A, 

PSP-. 

tf 

Messrs.  Birley  and  Kirk. 

Weft. 

Ins. 

lbs. 

lbs. 

Self-acting  mule,  360  sps.  -     - 

30  to  34 

12 

58 

30 

5463 

*  Hand-mule,  180  sps.  -     -    - 

ditto 

15 

36 

26 

3669) 
X2=7338  5 

Messrs.  Leech  and  Vandrey, 

Tivisf. 

t  Self-acting  mule,  324  sps.    - 

36 

12 

70 

36 

7912 

Hand-mules,  324  sps.    -    -    - 

36 

29 

58 

16i 

7273 

Messrs.  Duckworth  ^  Co. 

Twist. 

Self-acting  mule,  324  sps.  -     - 

40 

12 

62 

33 

6421 

Hand-mule,  324  sps.     -     -     . 

40 

47 

36 

15i 

6646 

The  mode  adopted  to  make  the  trials  was  as  follows,  viz. : 

A  force,  indicated  by  weight  in  pounds,  was  applied  to  the  strap  working  upon  the 

*  The  trial  w;is  disadvantageous  for  the  hand-mules,  being  two  for  360  spindles. 

t  The  trial  was  disadvantageous  for  the  self-acting  mules,  being  driven  by  a  very  short  and  light  vertical 
gtta^,  the  hand-niul,>  having  a  long  horizontal  strap. 
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drivin2;-pn]le}"  of  tlie  respective  mules,  snfficient  to  maintain  the  motion  of  llie  inr.le 
wliilst  spinning,  which  weisht,  being  multiplied  by  the  length  of  strap  delivered  by  each 
revolution  of  the  pulley,  and  again  by  the  number  of  revolutions  made  by  the  pulley 
whilst  spinning,  gave  the  total  force  in  pounds,  applied  to  the  respective  mules  Avhilst 
spinning;  for  instance,  suppose  a  mule  to  be  driven  by  a  pulley  12  inches  diameter  (3"  14 
feet  in  circumference),  such  pulley  making  58  revolutions  during  the  spinning  as  above, 
and  that  it  required  a  force  equal  to  30  lbs.  weight  to  maintain  the  motion  of  the  mule, 
then  30  lbs.  X  3"  14  feet  circumference  of  pulley  X  58  revolutions  in  spinning  =  5,463  lbs. 
of  force  employed  during  the  spinning,  to  the  peiiod  of  backing  off. 

Mr.  James  Smith,  of  Deanstone  cotton  works  in  Scotland,  obtained  a  patent  for  the 
invention  of  a  self-ador,  in  February,  1834.  He  does  not  perform  the  backing-ofl'  by 
reversing  the  rotation  of  the  spindle,  as  in  common  mules,  or  as  in  Mr.  Roberts',  but  by 
elevating  the  counierfaller  wire,  which,  being  below  the  ends  of  the  yarn  or  thread, 
along  the  whole  extent  of  the  carriage,  thereby  jmlls  off  or  strips  the  spiral  coils  at  the 
point  of  the  spindle,  instead  of  unwinding  them,  as  of  old.  This  movement  he  con- 
siders to  be  of  great  importance  towards  simplifying  the  machinery  for  rendering  the 
mule  self-aclins  ;  and  the  particular  way  in  which  he  brings  the  stripper  into  action  is 
no  doubt  ingenious,  but  it  has  been  supposed  by  many  to  strain  the  yarn.  He  claims  as 
his  invention  the  application  and  adaptation  of  a  mangle  wheel  or  manale  rack  to  the 
mule,  for  efl'ecting  certain  successive  movements,  either  separately  or  in  conjunction  ;  he 
claims  that  arrangement  of  the  carriages  of  a  pair  of  mules,  by  which  the  stretch  is 
caused  to  take  place  o\'er  part  of  the  same  ground  by  both  carriages,  and  thereby  the 
space  required  for  the  working  of  the  pair  of  mules  is  greatly  diminished ;  and  he  claims 
the  apjilication  of  a  weight,  spring,  or  friction,  for  balancing  the  tension  of  the  ends  of 
the  threads. 

A  patent  was  granted,  in  April,  1835,  to  Mr.  Joseph  Whitworth,  engineer  in  Man- 
chester, for  some  ingenious  modifications  of  the  mechanism  of  the  mule,  subservient  to 
automatic  purposes.  His  machinery  is  designed,  first,  to  traverse  the  carriage  in  and 
out,  by  means  of  screws  or  worm-shafts,  which  are  placed  so  as  to  keep  the  carriage 
parallel  to  the  drawing  rollers,  and  prevent  the  necessity  of  squaring  bands,  hitherto 
universally  employed  :  secondly,  his  invention  consists  in  an  improved  manner  of  work- 
ing the  drums  of  a  self-actini;  mule  by  gear;  thirdly,  in  the  means  of  efl'ecline  the 
backing  off;  fourthly,  in  the  mechanism  for  workin?  the  faller-wire  in  building 
the  cops;  and  fifthly,  in  the  apparatus  for  elfecting  the  winding  of  the  yarns  upon 
the  spindles.  As  reaards  the  throstles  and  doubling  frames,  his  improvements  apply, 
first,  to  the  peculiar  method  of  constructing  and  adapting  the  flyers  and  spindles,  and 
producing  the  drag;  and,  secondly,  to  the  arrangement  of  the  other  parts  of  the  doubling 
machinery. 

See  Lace-Making,  Singeing,  Textile  Fabric,  Thread  Manufacture,  and 
Weaving. 

The  Imports  of  Cotton  Wool  for  home  consumption  into  the  United  Kingdom  were,  in 
the  year  ending  5th  January — 


From  the  British  possessions  in  America     -    • 

do.  do.  East  Indies  - 

United  States  of  America  .    -     -    ■ 

Brazil-     --------- 

Egypt    ---------- 

Otherwise  imported  --------- 

Total ■ 

The  Exports  of  Cotton  Manufactures    -     -     - 
—  Yarn     -..--. 
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U.S. 

1,346,220 

43,404,058 

287,346.721 

26,879,779 

5,184,743 

6,789,603 


70,951,124 


1.041,434  j 

34,060,055  I 

309,027,306 

20,822,.509 

7,465,774 

5,602,602 


378.019.680 


£ 

18,511,692 
6,120,366 


13,625,464 
6,953,467 


COURT  PLASTER  is  a  considerable  object  of  manufacture.  It  is  made  as  follows  : 
Black  silk  is  strained  and  brushed  over  ten  or  twelve  times  with  the  following  prepara- 
tion : — Dissolve  I  an  ounce  of  balsam  of  benzoin  in  6  ounces  of  rectified  spirits  of 
■wine;  and  in  a  separate  vessel  dissolve  1  ounce  of  isinglass  in  as  little  water  as  may  be. 
Strain  each  solution,  mix  them,  and  let  the  mixture  rest,  so  that  any  undissolved  parts 
may  subside ;  when  the  clear  liquid  is  cold  it  will  form  a  jelly,  which  must  be  warmed 
before  it  is  applied  to  the  silk.     When  the  silk  coated  with  it  is  quite  dry,  it  must  be 
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finished  off  with  a  coat  of  a  solution  of  4  ounces  of  Chian  turpentine  in  6  ounces  of 
tincture  of  benzoin,  to  prevent  its  cracking.* 

CRAPE.  (Crepe,  Fr. ;  Krepp,  Germ.)  A  transparent  textile  fabric,  somewhat 
like  sauze,  made  of  raw  silk,  gummed  and  twisted  at  the  mill.  It  is  woven  with  any 
crossing  or  tweel.  When  dyed  black,  it  is  much  worn  by  ladies  as  a  mourning  dress. 
Crapes  are  crisped  {crepes)  or  smooth  ;  the  former  being  double,  are  used  in  close 
mourning,  the  latter  in  less  deep.  White  crape  is  appropriate  to  young  unmarried 
females,  and  to  virgins  on  taking  the  veil  in  nunneries.  The  silk  destined  for  the 
first  is  spun  harder  than  for  the  second  ;  since  the  degree  of  twist,  particularly  of  the 
warp,  determines  the  degree  of  crisping  which  it  assumes  after  being  taken  from  the 
loom.  It  is  for  this  purpose  steejjed  in  clear  water,  and  rubbed  with  prepared  wax. 
Crapes  are  all  woven  and  dyed  with  the  silk  in  the  raw  state.  They  are  finished  with 
a  stiffening  of  gum  water. 

Crape  is  a  Bolognese  invention,  but  has  been  long  manufactured  with  superior 
excellence  at  Lyons  in  France,  and  Norwich  in  England.  There  is  now  a  magnificent 
fabric  of  it  at  Yarmouth,  by  power-loom  machinery. 

There  is  another  kind  of  stuff,  called  crepon,  made  either  of  fine  wool,  or  of  wool  and 
silk,  of  which  the  warp  is  twisted  much  harder  than  the  weft.  The  crepons  of  Naples 
consist  altogether  of  silk. 

CRAYONS.  (Eng.  and  Fr. ;  Pastelstifle,  Germ.)  Slender,  soft,  and  somewhat 
friable  cylinders,  variously  colored  for  delineating  figures  upon  paper,  usually  called 
chalk  drawings.  Red,  green,  brown,  and  other  colored  crayons,  are  made  with  fine 
pipe  or  china  clay  paste,  intimately  mixed  with  earthy  or  metallic  pigments,  or  in 
general  with  body  or  surface  colors,  then  moulded  and  dried.  The  brothers  Joel,  in 
Paris,  employ  as  crayon  cement  the  following  composition :  6  parts  of  shellac,  4  parts 
of  spirit  of  wine,  2  parts  of  turpentine,  12  parts  of  a  coloring  powder,  such  as  Prussian- 
blue,  orpiment,  white  lead,  vermilion,  &c.,  and  12  parts  of  blue  clay.  The  clay  being 
elutriated,  passed  through  a  hair  sieve,  and  dried,  is  to  be  well  incorporated  by  tritu- 
ration with  the  solution  of  the  shellac  in  the  spirit  of  wine,  the  turpentine,  and  the 
pigment ;  and  the  doughy  mass  is  to  be  pressed  in  proper  moulds,  so  as  to  acquire  the 
desired  shape.     They  are  then  dried  by  a  stove  heat. 

In  order  to  make  cylindrical  crayons,  a  copper  cylinder  is  employed,  about  2  inches 
in  diameter,  and  1|  inches  long,  open  at  one  end,  and  closed  at  the  other  with  a  per- 
forated plate,  containing  holes  corresponding  to  the  sizes  of  the  crayons.  The  paste  is 
introduced  into  the  open  end,  and  forced  through  the  holes  of  the  bottom  by  a  piston 
moved  by  a  strong  press.  The  vermicular  pieces  that  pass  through  are  cut  to  the 
proper  lengths,  and  dried.  As  the  quality  of  the  crayons  depends  entirely  upon  the 
fineness  of  the  paste,  mechanical  means  must  be  resorted  to  for  effecting  this  object  in 
the  best  manner.  The  following  machine  has  been  found  to  answer  the  purpose  exceed 
ingly  well. 
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*  Paris's  Pharmacologia. 
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Fig.  350  is  a  vertical  section  through  the  centre  of  the  crayon  mill.  Fig.  351  is  a 
view  of  the  mill  from  above.  A,  the  mill  tub,  whose  bottom  b  must  be  a  hard  flat  plate 
of  cast-iron  ;  the  sides  A  being  of  wood  or  iron  at  pleasure.  In  the  centre  of  the  bottom 
there  is  a  pivot  c,  screwed  into  a  socket  cast  upon  the  bottom,  and  which  may  be 
strengthened  by  two  cross  bars  D,  made  fast  to  the  frame  e.  f,  the  millstone  of  cast- 
iron,  concave,  whose  diameter  is  considerably  smaller  than  that  of  the  vessel  a;  it  is 
furnished  within  with  a  circular  basin  of  wood  g,  which  receives  the  materials  to  be 
ground,  and  directs  them  to  the  holes  H,  which  allow  them  to  pass  down  between  the 
under  part  of  the  muller,  and  the  bottom  of  the  tub,  to  undergo  trituration.  * 

By  the  centrifugal  motion,  the  paste  is  driven  towards  the  sides  of  the  vessel,  rises 
over  the  sides  of  the  muller,  and  comes  again  through  the  holes  h,  so  as  to  be  repeatedly 
subjected  to  the  grinding  operation.  This  millstone  is  mounted  upon  an  upright  shaft 
I,  whieh  receives  rotatory  motion  from  the  bevel  wheel  work  k,  driven  by  the  winch  l. 

The  furnace  in  which  some  kinds  of  crayons,  and  especially  the  factitious  blacklead 
pencils  are  baked,  is  represented  in  fig.  352  in  a  front  elevation  ;  and  in  fig.  353,  which 
is  a  vertical  section  through  the  middle  of  the  chimney. 

A  A,  six  tubes  of  greater  or  less  size,  according  as  the  substance  of  the  crayons  is  a 
better  or  worse  conductor  of  heat.  These  tubes,  into  which  the  crayons  intended  fdi 
baking  are  to  be  put,  traverse  horizor-tally  the  laboratory  b  of  the  furnace,  and  are  sup- 
ported by  two  plates  c,  pierced  with  six  square  holes  for  covering  the  axes  of  the  tubes 
A.  These  two  plates  are  hung  upon  a  common  axis  d  ;  one  of  them,  with  a  ledge,  shuts 
the  cylindrical  part  of  the  furnace,  as  is  shown  in  the  figure.  At  the  extremity  of  the 
bottom,  the  axis  d  is  supported  by  an  iron  fork  fixed  in  the  brickwork  ;  at  the  fi'ont  it 
crosses  the  plate  c,  and  lets  through  an  end  about  four  inches  square  to  receive  a  key,  by 
means  of  which  the,  axis  d  may  be  turned  round  at  pleasure,  and  thereby  the  two  plates 
c,  and  the  six  tubes  A,  are  thus  exposed  in  succession  to  the  action  of  the  fire  in 
an  equal  manner  upon  each  of  their  sides.  At  the  two  extremities  of  the  furnace  are 
two  chimneys  e,  for  the  purpose  of  diffusing  the  heat  more  equably  over  the  body  of  the 
crayons.  f,  fig.  352,  is  the  door  of  the  fire-place,  by  which  the  fuel  is  introduced  ;  g, 
fig.  353,  the  ash-pit ;  h,  the  fire-place ;  i,  holes  of  the  grate  which  separate  the  fire- 
place from  the  ash-pit ;  K,  brickwork  exterior  to  the  furnace. 

General  Lomet  proposes  the  following  composition  for  red  crayons.  He  takes 
the  softest  hematite,  grinds  it  upon  a  porphyry  slab ;  and  then  carefully  elutriates  it. 
He  makes  it  into  a  plastic  paste  with  gum  arable  and  a  little  white  soap,  which  he  forms 
by  moulding,  as  above,  through  a  syringe,  and  drying,  into  crayons.  The  proportions 
of  the  ingredients  require  to  be  carefully  studied, 

CRAYONS,  lithographic.  Various  formulae  have  been  given  for  the  formation  of 
these  crayons.  One  of  these  prescribes,  white  wax,  4  parts ;  hard  tallow-soap,  shellac, 
of  each  2  parts  ;  lamp  black,  1  part.  Another  is,  dried  tallow  soap  and  white  wax,  each 
6  parts;  lamp  black,  1  part.  This  mixture,  being  fused  with  a  gentle  heat,  is  to  be  cast 
into  moulds  for  forming  crayons  of  a  proper  sine. 

CREOSOTE,  or  the  fiesh-preserver,  from  Kpeas  and  aw^w,  is  the  most  important  of  the 
five  new  chemical  products  obtained  from  wood  tar  by  Dr.  Reichenbach.  The  other  four, 
parafiine,  eupiane,  picamar,  and  pittacal,  have  hitherto  been  applied  to  no  use  in  the  arts, 
and  may  be  regarded  at  present  as  mere  analytical  curiosities. 

Creosote  may  be  prepared  either  from  tar  or  from  crude  pyroligneous  acid.  The  tar 
must  be  distilled  till  it  acquires  the  consistence  of  pitch,  and  at  the  utmost  till  it  begins 
to  exhale  the  white  vapors  of  paraffine.  The  liquor  which  passes  into  the  receiver 
divides  itself  into  3  strata,  a  watery  one  in  the  middle,  placed  between  a  heavy  and  a  light 
oil.     The  lower  stratum  alone  is  adapted  to  the  preparation  of  creosote. 

1.  The  liquor,  being  saturated  with  carbonate  of  potash,  is  to  be  allowed  to  settle,  and 
the  oily  matter  which  floats  at  top  is  to  be  decanted  oflT.  When  this  oil  is  distilled,  it 
affords,  at  first,  products  lighter  than  water,  which  are  to  be  rejected,  but  the  heavier  oil 
which  follows  is  to^be  separated,  washed  repeatedly  by  agitation,  with  fresh  portions  of 
dilute  phosphoric  acid,  to  free  it  from  ammonia,  then  left  some  time  at  rest,  after  which 
it  must  be  washed  by  water  from  aU  traces  of  acidity,  and  finally  distilled  along  with 
a  new  portion  of  dilute  phosphoric  acid,  taking  care  to  cohohale,  or  pour  back  the  dis- 
tilled product  repeatedly  into  the  retort. 

2.  The  oily  liquid  thus  rectified  is  colorless ;  it  contains  much  creosote,  but  at  the 
same  time  some  eupione,  &c.  It  must  therefore  be  mixed  with  potash  ley  at  1*12  sp. 
grav.,  which  dissolves  the  creosote.  The  upione  floats  upon  the  surface  of  that  solution, 
and  may  be  decanted  offi  The  alkaline  solution  is  to  be  exposed  to  the  air,  till  it 
Blackens  by  decomposition  of  some  foreign  matter.  The  potash  being  then  saturated 
with  dilute  sulphuric  acid,  the  creosote  becomes  free,  when  it  may  be  decanted  or 
syphoned  off  and  distilled. 

3.  The  treatment  by  potash,  sulphuric  acid,  &-c.,  is  to  be  repeated  upon  the  brownish 
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creosote  till  it  remains  colorless,  or  nearly  so,  even  upon  exposure  to  air.  It  must  be 
now  dissolved  in  the  strong;est  potash  ley,  subjected  to  distillation  anew,  and,  lastly,  re- 
distilled with  the  rejection  of  the  first  products  which  contain  much  water,  retaining  only 
the  following,  but  taking  care  not  to  push  the  process  too  far. 

In  operating  upon  pyroligneous  acid,  if  we  dissolve  effloresced  sulphate  of  soda  in  it  to 
saturation,  at  the  temperature  of  167°  F.,  the  creosote  oil  will  separate,  and  float  upon 
the  surface.  It  is  to  be  decanted,  left  in  repose  for  some  days,  during  M'hich  it  will  part 
with  a  fresh  portion  of  the  vinegar  and  salt.  Being  now  saturated  while  hot,  with  car- 
bonate of  potash,  and  distilled  with  water,  an  oily  liquor  is  obtained,  of  a  pale  yellow 
color.  This  is  to  be  rectified  by  phosphoric  acid,  &c.,  like  the  crude  product  of  creosote 
from  tar. 

Creosote  is  apparently  composed  of  76-2  carbon,  7'8  hydrogen,  and  16-0  oxygen,  in  100 
parts.  It  is  an  oily  looking  liquid,  slightly  greasy  to  the  touch,  void  of  color,  having  an 
acrid  burning  taste,  and  capable  of  corroding  the  epidermis  in  a  short  time.  It  possesses 
a  penetrating  disagreeable  smell,  like  that  of  highly  smoked  hams,  and,  when  inhaled  up 
the  nostrils,  causes  a  flow  of  tears.  Its  specific  gravity  is  1-037,  at  58°  F.  Its  consist- 
ence is  similar  to  that  of  oil  of  almonds.  It  has  no  action  upon  the  colors  of  litmus  or 
turmeric,  but  communicates  to  white  paper  a  stain  which  disappears  spontaneously  in  a 
few  hours,  and  rapidly  by  the  application  of  heat. 

It  boils  without  decomposition  at  398°  F.,  under  the  average  barometric  pressure, 
remains  fluid  at  16°  F.,  is  a  non-conductor  of  electricity,  refracts  light  powerfully,  and 
burns  in  a  lamp  with  a  ruddy  smoky  flame. 

When  mixed  with  water  at  58°  F.  it  forms  two  difl'erent  combinations,  the  first  being  a 
solution  of  1  part  of  creosote  in  400  of  water;  the  second,  a  combination  of  1  part  of 
water  with  10  parts  of  creosote.  It  unites  in  all  proportions  with  alcohol,  hydric  ether, 
acetic  ether,  naptha,  eupione,  carburet  of  sulphur,  &c. 

Creosote  dissolves  a  large  quantity  of  iodine  and  phosphorus,  as  also  of  sulphur  with 
the  aid  of  heat,  but  it  deposites  the  greater  part  of  them  in  crystals,  on  cooling.  It  com- 
bines with  potash,  soda,  ammonia,  lime,  baryta,  and  oxyde  of  copper.  Oxyde  of  mercury 
converts  creosote  into  a  resinous  matter,  while  itself  is  reduced  to  the  metallic  state. 
Strong  sulphuric  and  nitric  acids  decompose  it. 

Creosote  dissolves  several  salts,  particularly  the  acetates,  and  the  chlorides  of  calcium 
and  tm;  it  reduces  the  nitrate  and  acetate  of  silver.  It  also  dissolves  indigo  blue;  a 
remarkable  circumstance.  Its  action  upon  animal  matters  is  very  interesting.  It  coagu- 
lates albumen,  and  prevents  the  putrefaction  of  butchers'  meat  and  fish.  For  this  pur- 
pose these  substances  must  be  steeped  a  quarter  of  an  hour  in  a  weak  watery  solution  of 
creosote,  then  drained  and  hung  up  in  the  air  to  dry.  Hence  Eeichenbach  has  inferred 
that  it  is  owing  to  the  presence  of  creosote  that  meat  is  cured  by  smoking  ;  but  he  is  not 
correct  in  ascribing  the  efi'ect  to  the  mere  coagulation  of  the  albumen,  since  fibrine  alone, 
without  creosote,  will  putrefy  in  the  course  of  24  hours,  during  the  heats  of  summer.  It 
kills  plants  and  small  animals.     It  preserves  flour  paste  unchanged  for  a  long  time. 

Creosote  exists  in  the  tar  of  beech-wood,  to  the  amount  of  from  20  to  25  per  cent.,  and 
in  crude  pyroligneous  acid,  to  that  of  1|. 

It  ought  to  be  kept  in  well-stoppered  bottles,  because  when  left  open  it  becomes  pro- 
gressively yellow,  brown,  and  thick. 

Creosote  has  considerable  power  upon  the  nervous  system,  and  has  been  applied  to  the 
teeth  with  advantage  in  odontalgia,  as  well  as  to  the  skin  in  recent  scalds.  But  its  me- 
dicinal and  surgical  virtues  have  been  much  exaggerated.  Its  flesh-preserving  quality 
is  rendered  of  little  use,  from  the  difficulty  of  removing  the  rank  flavor  which  it 
imparts. 

CRUCIBLES  (Crcusels,  Fr. ;  Schimlzticgel,  Germ.)  are  small  conical  vessels,  nar- 
rower at  the  bottom  than  the  mouth,  for  reducing  ores  in  docimasy  by  the  dry  analy- 
sis, for  fusing  mixtures  of  earthy  and  other  substances,  for  melting  metals,  and  com- 
pounding metallic  alloys.  They  ought  to  be  refractory  in  the  strongest  heats,  not  readily 
acted  upon  by  the  substances  ignited  in  them,  not  porous  to  liquids,  and  capable  of 
bearing  considerable  alternations  of  temperature  without  crackins;  on  which  account 
they  should  not  be  made  too  thick.  The  best  crucibles  are  formed  from  a  pure  fire  clay, 
mixed  with  finely  ground  cement  of  old  crucibles,  and  a  portion  of  black-lead  or  graphite. 
Some  pounded  coke  may  be  mixed  with  the  plumbago.  The  clay  should  be  prepared 
in  a  similar  way  as  for  making  pottery  ware ;  the  vessels  after  being  formed  must  be 
slowly  dried,  and  then  properly  baked  in  the  kiln.  Crucibles  formed  of  a  mixture 
of  8  parts  in  bulk  of  Stourbridge  clay  and  cement,  5  of  coke,  and  4  of  graphite,  have 
been  found  to  stand  23  meltings  of  76  pounds  of  iron  each,  in  the  Royal  Berlin 
foundry.  Such  crucibles  resisted  the  greatest  possible  heat  that  could  be  produced,  in 
which  even  wrought  iron  was  melted,  equal  to  150°  or  155°  Wedgewood;  and  bore  sud- 
den cooling  without  cracking.  Another  composition  for  brass-founding  crucibles  is 
the  following:— I  Stourbridge  clay;    \  burned  clay  cement;    |  coke  powder;    \  pipe 
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clay.  The  pasty  mass  must  be  compressed  in  moulds.  The  Hessian  crucibles  from 
Great  Almerode  and  Epterode  are  made  from  a  fire  clay  which  contains  a  little  iron,  but 
no  lime ;  it  is  incorporated  with  silieious  sand.  The  dough  is  compressed  in  a  mould, 
dried,  and  strongly  kilned.  They  stand  saline  and  leaden  fluxes  in  docimastic  operations 
very  well ;  are  rather  porous  on  account  of  the  coarseness  of  the  sand,  but  are  thereby 
less  apt  to  crack  from  sudden  healing  or  cooling.  They  melt  under  the  fusing  point  of 
bar  iron.  Beaufay  in  Paris  has  lately  succeeded  in  making  a  tolerable  imitation  of  the 
Hessian  ciiicibles  with  a  fiie  clay  found  near  Namur  in  the  Ardennes. 

Berthier   has  published  the   following   elaborate   analyses  of  several  kinds  of  cru- 
cibles : — 


Hessian. 

Beaufay. 

Enslish  for 
Cast  Steel. 

St.  Etienne 

f(.r 
Cast  Steel. 

Gla?s  ^ts 
at  NeniOurs 

Bohemian 
Glass  Pots. 

Glass  Pots 
of  Crcusot. 

Silica     .     -    - 

70-9 

64-6 

63-7 

65-2 

67-4 

68-0 

68-0 

Alumina      -     - 

24-8 

34-4 

20-7 

25-0 

32-0 

29-0 

28-0 

Oxyde  of  Iron  - 

3-8 

1-0 

4-0 

7-2 

0-8 

2-2 

2-0 

Magnesia    -     - 

trace 

- 

— 

trace 

trace 

0-5 

trace 

Water    -     -    - 

- 

- 

10-3* 

- 

- 

- 

1-0 

Wurzer  states  the  composition  of  the  sand  and  clay  in  the  Hessian  crucibles  as  fol- 
lows : — 

Clay;  silica  10-1 ;  alumina  65-4;  oxydes  of  iron  and  manganese  1-2;  lime  0-3;  water  23 
Sand;  95-6  2-1  1-5  0-8 

Black  lead  crucibles  are  made  of  two  parts  of  graphite  and  one  of  fire  clay  ;  mixed 
M'ith  water  into  a  paste,  pressed  in  moulds,  and  well  dried;  but  not  baked  hard  in  the 
kiln.  They  bear  a  hisher  heat  than  the  Hessian  crucibles,  as  well  as  sudden  changes  of 
temperature;  have  a  smooth  surface,  and  are  therefore  preferred  by  the  melters  of  gold 
and  silver.     This  compodnd  forms  excellent  small  or  portable  furnaces. 

Mr.  Anstey  describes  his  patent  process  for  making  crucibles,  as  follows:  Take  two 
parts  of  fine  ground  raw  Stourbridge  clay,  and  one  part  of  the  hardest  gas  coke,  pre- 
viously pulverized,  and  sifted  through  a  sieve  of  one  eishih  of  an  inch  mesh  (if  the 
coke  is  ground  too  fine  the  pots  are  very  apt  to  crack).  Mix  the  ingredients  together  with 
the  proper  quantity  of  water,  and  tread  the  mass  well.  The  pot  is  moulded  by  hand  upon 
a  wooden  block,  supported  on  a  spindle  which  turns  in  a  hole  in  the  bench;  there  is  a 
gauge  to  regulate  the  thickness  of  the  melting  pot,  and  a  cap  of  linen  or  cotton  placed 
wet  upon  the  core  before  the  clay  is  applied,  to  prevent  the  clay  from  sticking  partially 
to  the  core,  in  the  taking  off;  the  cap  adheres  to  the  pot  only  while  wet,  and  may  be 
removed  without  trouble  or  hazard  when  dry.  He  employs  a  wooden  bat  to  assist  in 
moulding  the  pot;  when  moulded,  it  is  carefully  dried  at  a  gentle  heat.  A  pot  dried  as 
above,  when  wanted  for  use,  is  first  warmed  by  the  fire-side,  and  is  then  laid  in  the  fur- 
nace with  the  mouth  downwards  (the  red  cokes  being  previously  damped  with  cold 
ones  in  order  to  lessen  the  heat)  ;  more  coke  is  then  thrown  in  till  the  pot  is  covered, 
and  it  is  now  brought  up  gradually  to  a  red  heat.  The  pot  is  next  turned  and  fixed  in  a 
proper  position  in  the  furnace,  without  beinsr  allowed  to  cool,  and  is  then  charged  with 
cold  iron,  so  that  the  metal,  when  melted,  shall  have  its  surface  a  little  below  the  mouth 
of  the  pot.  The  iron  is  melted  in  about  an  hour  and  a  half,  and  no  flux  or  addition  of 
any  kind  is  made  use  of.  A  pot  will  last  for  fourteen  or  even  eighteen  successive  melt- 
ings, provided  it  is  not  allowed  to  cool  in  the  intervals;  but  if  it  cool,  it  will  probably 
crack.  These  pots,  it  is  said,  can  bear  a  greater  heat  than  olhers  without  softening,  and 
will,  consequently,  deliver  the  metal  in  a  more  fluid  slate  than  the  best  Birmingham  pots 
will.     See  a  figure  of  the  crucible  mould  under  Stf.kl. 

CRYSTAL  is  the  geometrical  form  possessed  by  a  vast  number  of  mineral  and  saline 
substances;  as  also  by  many  vegetable  and  animal  products.  The  integrant  particles  of 
matter  have  undoubtedly  determinate  forms,  and  combine  with  one  another,  by  the 
attraction  of  cohesion,  according  to  certain  laws,  and  points  of  polarity,  whereby  they 
assume  a  vast  variety  of  secondary  crystalline  forms.  The  investigation  of  these  laws 
belongs  to  crystallography,  and  is  foreign  to  the  practical  purpose  of  this  volume.  In- 
structions are  given  under  each  object  of  manufacture  which  requires  crystallization,  how 
to  conduct  this  process;   see  Borax,  Salt,  &c. 

CUDBEAR  was  first  made  an  article  of  trade  in  this  country,  by  Dr.  Cuthbert 
Gordon,  from  whom  it  derived  its  name,  and  was  originally  manufactured  on  a  great 
scale  by  Mr.  G.  Mackintosh  at  Glasgow,  nearly  60  years  ago.     Cudbear  or  persio  is  a 
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powder  of  a  violet  red  color,  difficult  to  pioisten  with  water,  and  of  a  peculiar  but  not 
disagreeable  odor.  It  is  partially  soluble  in  boiling  water,  becomes  red  with  acids,  aad 
violet  blue  with  alkalis.  It  is  prepared  in  the  same  way  as  archil,  only  towards  the 
end  the  substance  is  dried  in  the  air,  and  is  then  ground  to  a  fine  powder,  taking  care  to 
avoid  decomposition,  which  renders  it  glutinous  In  Scotland  they  use  the  lichen  tar- 
tareus,  more  rarely  the  lichen  calcareus,  and  omphalodes ;  most  of  which  lichens  are 
imported  from  Sweden  and  Norway,  under  the  name  of  rock  moss.  The  lichen  is  snifered 
to  ferment  for  a  month,  and  is  then  stirred  about  to  allow  any  stones  which  may  be  pre- 
sent to  fall  to  the  bottom.  The  red  mass  is  next  poured  into  a  flat  vessel,  and  left  to 
evaporate  till  its  urinous  smell  has  disappeared,  and  till  it  has  assumed  an  agieeable 
color  verging  upon  violet.  It  is  then  ground  to  fine  powder.  During  the  fermentation 
of  the  lichen,  it  is  watered  with  stale  urine,  ct  with  an  equivalent  ammoniacal  liquor  of 
any  kind,  as  in  making  archil. 

CUPELLATION  is  a  mode  of  analyzing  gold,  silver,  palladium,  and  platinum,  by 
adding  to  small  portions  of  alloys,  containing  these  metals,  a  bit  of  lead,  fusing  the 
mixture  in  a  little  cup  of  bone  earth  called  a  cupel,  then  by  the  joint  action  of  heat  and 
air,  oxydizing  the  copper,  tin,  &c.,  present  in  the  precious  metals.  The  oxydes  thus  pro- 
duced are  dissolved  and  carried  down  into  the  porous  cupel  in  a  liquid  state,  by  the 
vitrified  oxyde  of  lead.     See  Assay,  Gold,  and  Silver. 

CURRYING  OF  LEATHER  (Corroyer,  Fr. ;  Zurichten,  Germ.)  is  the  art  of 
dressing  skins  after  they  are  tanned,  for  the  purpose  of  the  shoe-maker,  coach  and  harness 
maker,  &c.,  or  of  giving  them  the  necessary  smoothness,  lustre,  color,  and  suppleness. 
The  currier's  shop  has  no  resemblance  to  the  tanner's  premises,  having  a  quite  dili'erent 
set  of  tools  and  manipulations. 

The  currier  employs  a  strong  hurdle  about  a  yard  square,  made  either  of  basket  twigs, 
or  of  wooden  spars,  fixed  rectangularly  like  trellis  work,  with  holes  3  inches  square, 
upon  which  he  treads  the  leather,  or  beats  it  with  a  mallet  or  hammer,  in  order  to  soften 
it,  and  render  it  flexible. 

The  head  knife,  called  in  French  couteau  a  revers,  on  account  of  the  form  of  its  edge, 
which  is  much  turned  over,  is  a  tool  5  or  6  inches  broad,  and  15  or  16  Ions;;  with 
two  handles,  one  in  t|je  direction  of  the  blade,  and  the  other  perpendicular  to  it,  for  the 

purpose  of  guiding  the 
edge  more  truly  upon 
the  skin.  The  pommel 
(pauinelle)  is  so  called 
becuuse  it  clothes  the 
palm  of  the  hand,  and 
performs  its  functions. 
It  is  made  of  hard  wood, 
and  is  of  a  rectangular 
shape,  1  foot  Ions,  5 
inches  broad,  flat  above 
and  rounded  below.  It  is 
furrowed  over  the  round- 
ed surface  with  transverse 
parallel  straight  grooves. 
These  grooves  are  in 
section  sharp-edged  isos- 
celes triangles.  Figs. 
354  and  355,  repre- 
sent the  pommel  in  an 
vippt  .•  and  under  view.  The  flat  surface  is  provided  with  a  leather  strap  for  secur- 
ing A  to  the  hand  of  the  workman.  Pommels  are  made  of  difi'erent  sizes,  and 
witL  grooves  of  various  degrees  of  fineness.  Cork  pommels  are  also  used,  but  they 
are  r  ot  grooved.     Pommels  serve  to  give  grain  and  pliancy  to  the  skins. 

The  stretching  iron,  Jig.  356,  is  a  flat  plate  of  iron  or  copper,  fully  a  fourth  of  an 
inch  thick  at  top,  and  thinning  off"  at  bottom  in  a  blunt  edge,  shaped  like  the  arc  of  a 
circle  of  large  diameter,  having  the  angles  a  and  b  rounded,  lest  in  working  they  should 
penetrate  the  leather.  The  top  cis  mounted  with  leather  to  prevent  it  from  hurting  the 
hands.  A  copper  stretching  knife  is  used  for  delicate  skins.  The  workman  holds  this 
tool  nearly  perpendicular,  and  scrapes  the  thick  places  powerfully  with  his  two  hands, 
especially  those  where  some  tan  or  flesh  remains.  He  thus  equalizes  the  thickness  of 
the  skin,  and  renders  it  at  ihe  same  time  more  dense  and  uniform  in  texture.  This  tool 
is  of  very  general  use  in  currying. 

The  round  knife,  figs.  357  and  358  (lunette  in  French),  is  a  circular  knife  from  10  to 
12  inches  in  diameter,  with  a  round  4  or  5  inch  hole  in  its  centre,  for  introducing  the 
hands  and  working  it.      It  is  concave,  as  shown  in  the  section  fig.  358,  presenting  the 
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form  of  a  spherical  zone.  The  concave  part  is  that  applied  to  the  skin.  Its  edge  is  no; 
perfectly  straight ;  but  is  a  litlJe  turned  over  on  the  side  opposite  to  the  skin,  to  prevent 
357  ^ ^.^^  ry  358  it  from  entering  too  far  into  the  lea- 

ther. The  currier  first  slopes  oif  with 
the  head  knife  from  the  edges,  a  por- 
tion equal  to  what  he  afterwards  re- 
moves with  the  round  one.  By  this 
division  the  work  is  done  sooner  and 

353  \ ^         \jf  more  exactly.     All  the  oiled  or  greased 

f^^ skins  are  dressed  with  the  round  knife. 

C    Vk-  )^)      ~  )         The  cleaner  is  a   straight   two-han- 

died  knife  two  inches  broad,  of  which 
there  are  two  kinds,  a  sharp-edged  and  a  blunt  one.     Fig.  359. 

The  wace  is  made  of  wood,  having  a  handle  30  inches  long,  with  a  cubical  head  or 
mallet ;  upon  the  two  faces  of  which,  parallel  to  the  line  of  the  handle,  there  are  4  pegs 
of  hard  wood  turned  of  an  egg-shape,  and  well  polished,  so  as  not  to  tear  the  moistened 
leather  when  it  is  strongly  beat  and  softened  with  the  mace. 

Tlie  horse  or  trestle,  _^g.  360,  consists  of  a  strong  wooden  frame,  A  b  c  d,  which  serves  as 
a  leg  or  foot.  Upon  the  middle  of  this  frame  there  are  two  uprights,  e  f,  and  a  strong 
cross  beam,  g,  for  supporting  the  thick  plank  h,  upon  which  the  skins  are  worked.  This 
plank  may  be  set  at  a  greater  or  less  slope,  according  as  its  lower  end  is  engaged  in  one 
or  other  of  the  cross  bars,  1 1 1 1,  of  the  frame.  In  the  figure,  a  skin  k  is  represented  upon 
the  plank  with  the  head  knife  upon  it,  in  the  act  of  being  pared. 

A  cylindrical  bar  fixed  horizontally  at  its  ends  to  two  buttresses  projecting  from  the 
wall,  serves  by  means  of  a  parallel  stretched  cord,  to  fix  a  skin  by  a  coil  or  two  in  order 
to  dress  it.  This  is  accordingly  called  the  dresser.  The  tallow  cloth  is  merely  a  mop 
made  of  stout  rags,  without  the  long  handle  ;  of  which  there  are  several,  one  for  wax, 
another  for  oil,  &c.  Strong-toothed  pincers  with  hook-end  handles,  drawn  together 
by  an  endless  cord,  are  employed  to  stretch  the  leather  in  any  direction,  while  it  is  bein? 
dressed.-  The  currier  uses  clamps  like  the  letter  U,  to  fix  the  edges  of  the  leather  to  his 
table.  His  polisher  is  a  round  piece  of  hard  wood,  slightly  convex  below,  with  a  handle 
standing  upright  in  its  upper  surface,  for  seizing  it  firmly.  He  first  rubs  with  sour  beer, 
and  finishes  with  barberry  juice. 

Every  kind  of  tanned  leather  not  intended  for  soles  or  such  coarse  purposes,  is 
generally  curried  before  being  delivered  to  the  workmen  who  fashion  it,  such  as  shoe- 
makers, coachmakers,  saddlers,  &c.     The  chief  operations  of  the  currier  are  four: — 

1.  Dipping  the  leather,  which  consists  in  moistening  it  with  water,  and  beating  it 
with  the  juace  or  a  mallet  upon  the  hurdle.  He  next  applies  the  cleaners,  both  blunt 
and  sharp,  as  well  as  the  head  knife,  to  remove  or  thin  down  all  inequalities.  After  the 
leather  is  shaved,  it  is  thrown  once  more  into  water,  and  well  scoured  by  rubbing  the 
grain  side  with  pumice  stone,  or  a  piece  of  slaty  grit,  whereby  it  parts  with  the  bloom,  a 
whitish  matter,  derived  from  the  oak  bark  in  the  tan  pit. 

2.  Applying  the  pommel  to  give  the  leather  a  granular  appearance,  and  correspondent 
flexibility.  The  leather  is  first  folded  with  its  grain  side  in  contact,  and  rubbed  strongly 
with  the  pommel,  then  rubbed  simply  upon  its  grain  side  ;  whereby  it  becomes  extremely 
flexible. 

3.  Scraping  the  leather.  This  makes  it  of  uniform  thickness.  Tte  workman  holds 
the  tool  nearly  perpendicular  upon  the  leather,  and  forcibly  scrape*  the  thick  places  with 
both  his  hands. 

4.  Dressing  it  by  the  round  knife.  For  this  purpose  he  stretches  the  leather  upon 
the  wooden  cylinder,  lays  hold  of  the  pendent  under  edge  with  the  pincers  attached  to 
his  girdle,  and  then  with  both  hands  applies  the  edge  of  the  knife  to  the  surface  of  the 
leather,  slantingly  from  above  downwards,  and  thus  pares  off  the  coarser  fleshy  parts  of 
the  skin.  This  operation  requires  great  experience  and  dexterity  ;  and  when  well  per- 
formed improves  greatly  the  look  of  the  leather. 

The  hide  or  skin,  being  rendered  flexible  and  uniform,  is  conveyed  to  the  shed  ordrs'ing 
house,  where  the  greasy  substances  are  applied,  which  is  called  dubbing  (daubing)  or 
stufiing.  The  oil  used  for  this  purpose  is  prepared  by  boiling  sheep-skins  or  doe-skins, 
in  cod  oil.  This  application  of  grease  is  often  made  before  the  graining  board  or  pommel 
is  employed. 

Before  waxing,  the  leather  is  commonly  colored  by  rubbing  it  with  a  brush  dipped 
into  a  composition  of  oil  and  lamp  black  on  the  flesh  side,  till  it  be  thoroughly  black ;  it  is 
then  black-sized  with  a  brush  or  sponge,  dried,  tallowed  with  the  proper  cloth,  and 
slicked  upon  the  flesh  with  a  broad  smooth  lump  of  glass ;  sized  again  with  a  sponge; 
and  when  dry,  again  curried  as  above  described. 

Currying  leather  on  tlie  hair  or  grain  side,  termed  black  on  the  grain,  is  the  same  in 
the  first  operation  with  that  dressed  on  the  flesh,  till  it  is  scoured.     Then  the  first  black 
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is  applied  to  it  while  wet,  hy  a  solution  of  copperas  put  upon  the  grain,  after  this  has 
been  rubbed  with  a  stone ;  a  brush  dipped  in  stale  urine  is  next  rubbed  on,  then  an  iron 
slicker  is  used  to  make  the  grain  come  out  as  fine  as  possible.  It  is  now  stuffed  with 
oil.  When  dry,  it  is  seasoned ;  that  is,  rubbed  over  with  a  brush  dipped  in  copperas 
water,  on  the  grain,  till  it  be  perfeplly  black.  It  is  next  slicked  with  a  good  grit-stone, 
to  take  out  the  wrinkles,  and  smooth  the  coarse  grain.  The  grain  is  finally  raised  with 
the  pommel  or  graining  board,  by  applying  it  to  the  leather  in  different  directions. 
When  thoroughly  dry,  it  is  grained  again  in  two  or  three  ways. 

Hides  intended  for  covering  coaches  are  shaved  nearly  as  thin  as  shoe  hides,  and 
blacked  upon  the  grain. 

CUTLERY.  (Coutellerie,  Fr. ;  Messerschmidwaare,  Germ.)  Three  kinds  of  steel 
are  made  use  of  in  the  manufacture  of  different  articles  of  cutlery,  viz.,  common  steel, 
shear  steel,  and  cast  steel.  Shear  steel  is  exceedingly  plastic  and  tough.  All  the  edge 
tools  which  require  great  tenacity  without  great  hardness  are  made  of  it,  such  as  table 
knives,  scythes,  plane-irons,  &c. 

Cast  steel  is  formed  by  melting  blistered  steel  in  covered  crucibles,  with  bottle  glass, 
and  pouring  it  into  cast-iron  moulds,  so  as  to  form  it  into  ingots ;  these  ingots  are  then 
taken  to  the  tilt,  and  drawn  into  rods  of  suitable  dimensions.  No  other  than  cast  steel 
can  assume  a  very  fine  polish,  and  hence  all  the  finer  articles  of  cutlery  are  made  of  it, 
such  as  the  best  scissors,  penknives,  razors,  &c. 

Formerly  cast  steel  could  be  worked  only  at  a  very  low  heat ;  it  can  now  be  made  so 
as  to  be  welded  to  iron  with  the  greatest  ease.  Its  use  is  consequently  extended  to 
making  very  superior  kinds  of  chisels,  plane-irons,  &c. 

Forging  of  table  knives.  —  Two  men  are  generally  employed  in  the  forging  of  table 
knives ;  one  called  the  foreman  or  maker,  and  the  other  the  striker. 

The  steel  called  common  steel  is  employed  in  making  the  very  common  articles;  but 
for  the  greatest  part  of  table  knives  which  require  a  surface  free  from  flaws,  shear  steel 
is  generally  preferred.  That  part  of  the  knife  termed  the  blade,  is  first  rudely  formed 
and  cut  off.  It  is  next  welded  to  a  rod  of  iron  about  |  inch  square,  in  such  a  manner 
as  to  leave  as  little  of  the  iron  part  of  the  blade  exposed  as  possible.  A  sufficient  quantity 
of  the  iron  now  attached  to  the  blade,  is  taken  off  from  the  rod  to  form  the  bolster  or 
shoulder,  and  the  tang. 

In  order  to  make  the  bolster  of  a  given  size,  and  to  give  it  at  the  same  time  shape 
and  neatness,  it  is  introduced  into  a  die,  and  a  swage  placed  upon  it ;  the  swage  has  a 
few  smart  blows  given  it  by  the  striker.  This  die  and  swage  are,  by  the  workman, 
called  prints. 

After  the  tangs  and  bolster  are  finished,  the  blade  is  heated  a  second  time,  and  the 
foreman  gives  it  its  proper  anvil  finish  ;  this  operation  is  termed  smithing.  The  blade 
is  now  heated  red-hot,  and  plunged  perpendicularly  into  cold  water.  By  this  means  it 
becomes  hardened.  It  requires  to  be  tempered  regularly  down  to  a  blue  color  :  in  which 
state  it  is  ready  for  the  grinder. 

Mr.  Brownill's  method  of  securing  the  handles  upon  table-knives  and  forks,  is,  by 
lengthening  the  tangs,  so  as  to  pass  them  completely  through  the  handle,  the  ends  of 
which  are  to  be  tinned  after  the  ordinary  mode  of  tinning  iron;  and,  when  passed 
through  the  handle,  the  end  of  the  tang  is  to  be  spread  by  beating,  or  a  small  hole 
drilled  through  it,  and  a  pin  passed  to  hold  it  upon  the  handle.  After  this,  caps  of 
metal,  either  copper  plated  or  silver,  are  to  be  soldered  on  to  the  projecting  end  of  the 
tan?,  and  while  the  solder  is  in  a  fluid  state,  the  cap  is  to  be  pressed  upon  the  end  of 
the  handle  and  held  there  until  the  solder  is  fixed,  when  the  whole  is  to  be  cooled  by 
being  immersed  in  cold  water. 

Mr.  Thomason's  patent  improvements  consist  in  the  adaptation  of  steel  edges  to  the 
blades  of  gold  and  silver  knives.  These  steel  edges  are  to  be  attached  to  the  other 
metal,  of  whatever  quality  it  may  be,  of  which  the  knife,  &c.  is  made,  by  means  of 
solder,  in  the  ordinary  mode  of  effecting  that  process.  After  the  edge  of  steel  is  thus 
attached  to  the  gold,  silver,  &c..  it  is  to  be  ground,  polished,  and  tempered  by  immersion 
in  cold  water  or  oil  after  being  heated.  This  process  being  finished,  the  other  parts  of 
the  knife  are  then  wrought  and  ornamented  by  the  engraver  or  chaser,  as  usual. 

A  patent  was  obtained  in  1827,  |)y  Mr.  Smith  of  Sheffield,  for  rolling  out  knives  at  one 
operation. 

In  the  ordinary  mode  of  making  knives,  a  sheet  of  steel  being  provided,  the  blades  are 
cut  out  of  the  sheet,  and  the  backs,  shoulders,  and  tangs,  of  wrought  iron,  are  attached  to 
the  steel  blades  by  welding  at  the  forge.  The  knife  is  then  ground  to  the  proper  shape, 
and  the  blade  polished  and  hardened. 

Instead  of  this  welding  process,  the  patentee  proposes  to  make  the  knives  entirely  of 
steel,  and  to  form  them  by  rolling  in  a  heated  state  between  massive  rollers  ;  the  shoul- 
ders or  bolsters,  and  the  tangs  for  the  handles,  being  produced  by  suitable  recesses  in 
the  peripheries  of  the  rollers;  just  as  rail-way  rails  are  formed.      When  the  knife  is  to 
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be  made  with  what  is  called  a  scale  tang,  that  is,  a  broad  flat  tang,  to  which  the  handle 
is  to  be  attached'in  two  pieces,  riveted  on  the  sides  of  the  tang,  the  rollers  are  then  only 
to  have  recesses  cut  in  them,  in  a  direction  parallel  to  the  axis  for  forming  the  bolster. 

The  plate  of  steel,  having  been  heated,  is  to  be  pressed  between  the  two  rollers,  by 
which  the  blades  and  the  parts  for  the  scale  tangs  will  be  pressed  ont  flat  and  thin,  and 
those  parts  which  pass  between  the  grooves  or  recess  will  be  left  thick  or  protuberant, 
forming  the  bolster  for  the  shoulder  of  the  blade.  But  if  the  tangs  are  to  be  round  in 
order  to  be  fixed  into  single  handles,  then  it  will  be  necessary  also  to  form  transverse 
grooves  in  the  rollers,  that  is,  at  right  angles  to  those  which  give  shape  to  the  bolsters, 
the  transverse  grooves  corresponding  in  length  to  the  length  of  the  intended  tang. 
When  the  plates  of  steel  have  been  thus  rolled,  forming  three  or  more  knives  in  a 
breadth,  the  several  knives  are  to  be  cut  out  by  the  oidinary  mode  of  what  is  called  slit- 
ting, and  the  blades  and  shoulders  ground,  hardened,  and  polished  in  the  usual  way. 

Forks  are  generally  a  distinct  branch  of  manufacture  from  that  of  knives,  and  are 
purchased  of  the  fork  makers  by  the  manufacturers  of  table  knives,  in  a  state  fit  for  re- 
ceiving the  handles. 

The  rods  of  steel  from  which  the  forks  are  made,  are  about  |ths  of  an  inch  square. 
The  tang  and  shank  of  the  fork  are  first  roughly  formed.  The  fijrk  is  then  cut  off, 
leaving  at  one  end  about  1  inch  of  the  square  part  of  the  steel.  This  part  is  afterwards 
drawn  out  flat  to  about  the  length  of  the  prongs.  The  shank  and  tang  are  now 
heated,  and  a  proper  form  given  to  them  by  means  of  a  die  and  swage.  The  prongs  are 
afterwards  formed  at  one  blow  by  means  of  the  stamp ;  this  machine  is  very  similar  to 
that  used  in  driving  piles,  but  it  is  worked  by  one  man.  It  consists  of  a  large  anvil 
fixed  in  a  block  of  stone  nearly  on  a  level  with  the  ground.  To  this  anvil  are  attached 
two  rods  of  iron  of  considerable  thickness,  fixed  twelve  inches  asunder,  perpendicularly  to 
the  anvil,  and  diagonally  to  each  other.  These  are  fastened  to  the  ceiling.  The  ham- 
mer or  stamp,  about  100  lbs.  in  weight,  having  a  groove  upon  either  side  corresponding  to 
the  angles  of  the  upright  rods,  is  made  to  slide  freely  through  its  limited  range,  being 
conducted  by  its  two  iron  supporters.  A  rope  is  attached  to  the  hammer,  which  goes 
over  a  pulley  on  the  floor  of  the  room  above,  and  comes  down  to  the  person  who  works 
the  stamp :  two  corresponding  dies  are  attached,  one  to  the  iiammer,  and  the  other  to 
the  anvil.  That  part  of  the  fork  intended  to  form  the  prongs,  is  heated  to  a  pretty  white 
heat  and  placed  in  the  lower  die,  and  the  hammer  containing  the  other  die  is  made  to 
fall  upon  it  from  a  height  of  about  7  or  8  feet.  This  forms  the  prongs  and  the  middle 
part  of  the  fork,  leaving  a  very  thin  substance  of  steel  between  each  prone,  which  is 
afterwards  cut  out  with  an  appropriate  instrument  called  a  fly-press.  The  forks  are  now 
annealed  by  surrounding  a  large  mass  of  them  with  hot  coals,  so  that  the  whole  shall 
become  red-hot.  The  fire  is  sufl'ered  gradually  to  die  out,  and  the  forks  to  cool  without 
beins  disturbed.  This  process  is  intended  to  soften,  and  by  that  means  to  prepare  them 
for  filing.  The  inside  of  the  prongs  is  then  filed,  after  which  they  are  bent  into  their 
proper  form  and  hardened.  When  hardened,  wliich  is  eflected  by  heating  Ihem  red-hot 
and  plunging  them  into  cold  water,  they  are  tempered  by  exposing  them  to  the  degree  of 
heat  at  which  grease  inflames.     See  Stamps. 

Penknives  are  generally  forged  by  a  sinsle  hand,  with  the  hammer  and  the  anvil  sim- 
ply. The  hammer  in  this  trade  is  generally  light,  not  exceeding  3|  lbs.  The  breadth 
of  the  face,  or  the  striking  part,  is  about  one  inch;  if  broader,  it  would  not  be  conven- 
ient for  striking  so  small  an  object.  The  principal  anvil  is  about  5  inches,  and  10  upon 
the  face,  and  is  provided  with  a  groove  into  which  a  smaller  anvil  is  wedded.  The 
smaller  anvil  is  about  2  inches  square  upon  the  face.  The  blade  of  the  knife  is  first 
drawn  out  at  the  end  of  the  rod  of  steel,  and  as  much  more  is  cut  off"  along  with  it  as 
is  thought  necessary  to  form  the  joint.  The  blade  is  then  taken  in  a  pair  of  tongs,  and 
healed  a  second  time  to  finish  the  joint  part,  and  at  the  same  time  to  form  a  teraporary^ 
tang  for  the  purpose  of  driving  into  a  small  haft  used  by  the  grinder.  Another  heat  is 
taken  to  give  the  blade  a  proper  finish.  The  small  recess  called  the  nail-hole,  used  in 
opening  the  knife,  is  made  while  it  is  still  hot  by  means  of  a  chisel,  which  is  round  on 
one  side,  and  flat  upon  the  other. 

Penknives  are  hardened  by  heating  the  blade  red-hot,  and  dipping  them  into  water  up 
to  the  shoulder.  They  are  tempered  by  setting  them  side  by  side,  with  the  back  down- 
wards upon  a  flat  iron  plate  laid  upon  the  fire,  where  they  are  allowed  to  remain  till  they 
are  of  a  brown  or  purple  color. 

The  blades  of  pocket  knives,  and  all  that  come  under  the  denomination  of  spring 
knives,  are  made  in  the  same  way. 

The  forging  of  razors  is  performed  by  a  foreman  and  striker,  as  in  making  table 
mives. 

They  are  generally  made  of  cast  steel.  The  rods,  as  they  come  from  the  tilt,  are  about 
I  inch  broad,  and  of  a  thickness  sufficient  for  the  back  of  the  razor. 

There  is  nothing  peculiar  in  the  tools  made  use  of  in  forging  razors  :  the  anvil  is  a 
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.ittle  rounded  at  the  sides,  which  affords  the  opportunity  of  making  the  edge  thinner,  and 
saves  an  immense  labor  to  the  grinder. 

Razors  are  hardened  and  tempered  in  a  similar  manner  to  penknives.  They  are, 
however,  left  liarder,  being  only  let  down  to  yellow  or  brown  color. 

The  forging  of  scissors  is  wholly  performed  by  the  hammer,  and  all  the  sizes  are  made 
by  a  single  hand.  The  anvil  of  the  scissor-maker  weighs  about  1|  cwt. ;  it  measures, 
on  the  face,  about  4  by  11  inches.  It  is  provided  with  two  grates  or  grooves  for  the  re- 
ception of  various  little  indented  tools  termed  by  the  workman  bosses;  one  of  these 
bosses  is  employed  to  give  proper  figure  to  the  shank  of  the  scissors  ;  another  for  form- 
ing that  part  which  has  to  make  the  joint;  and  a  third  is  made  use  of  for  giving  a  proper 
figure  to  the  upper  side  of  the  blade.  There  is  also  another  anvil  placed  on  the  same 
block,  containii'g  two  or  three  tools  called  beak-irons,  each  consisting  of  an  upright  stem 
about  6  inches  high,  at  the  top  of  which  a  horizontal  beak  projects  ;  one  of  these  beaks 
Is  conical,  and  is  used  for  extending  the  bow  of  the  scissors ;  the  other  is  a  segment  of  a 
cylinder. with  the  round  side  upwards,  containing  a  recess  for  giving  a  proper  shape  and 
smoothness  to  the  inside  of  the  bow. 

The  shank  of  the  scissors  is  first  formed  by  means  of  one  of  the  bosses,  above  de- 
scribed, leaving  as  much  steel  at  the  end  as  will  form  the  blade.  A  hole  is  then  punched 
about  J  inch  in  width,  a  little  above  the  shank.  The  blade  is  drawn  out  and  finished, 
and  the  scissors  separated  from  the  rod  a  little  above  the  hole.  It  is  heated  a  third  time, 
and  the  small  hole  above  mentioned  is  extended  upon  the  beak-irons  so  as  to  form  the 
bow.  This  finishes  the  forging  of  scissors.  They  are  promiscuously  made  in  this  way, 
wiihout  any  other  guide  than  the  eye,  having  no  regard  to  their  being  in  pairs.  They 
are  next  annealed  for  the  purpose  of  filing  such  parts  of  them  as  cannot  be  ground,  and 
afterwards  paired. 

The  very  large  scissors  are  made  partly  of  iron,  the  blades  being  of  steel. 
After  the  forging,  the  bow  and  joints,  and  such  shanks  as  cannot  be  ground,  are 
filed.  The  rivet  hole  is  then  bored,  through  which  they  are  to  be  screwed  or  riveted 
together.  This  common  kind  of  scissors  is  only  hardened  up  to  the  joint.  They 
are  tempered  down  to  a  purple  or  blue  color.  In  this  slate  they  are  taken  to  the 
grinder. 

Grinding  and  polishing  of  cutlery. — The  various  processes  which  come  under  this 
denomination  are  performed  by  machinery,  moving  in  general  by  the  power  of  the  steam- 
engine  or  water-wheel. 

Grinding  wheels  or  grinding  mills  are  divided  into  a  number  of  separate  rooms ;  every 
room  contains  six  places  called  troughs  ;  each  trough  consists  of  a  convenience  for  run- 
ning a  grindstone  and  a  polisher  at  the  same  time,  which  is  generally  occupied  by  a  man 
and  a  boy. 

The  business  of  the  grinder  is  generally  divided  into  three  stages,  viz.,  grinding, 
glazing,  and  polishing. 

The  grinding  is  performed  upon  stones  of  various  qualities  and  sizes,  depending  on  the 
articles  to  be  ground.  Those  exposing  much  flat  surface,  such  as  saws,  fenders,  &c., 
require  stones  of  s:reat  diameter,  while  razors,  whose  surface  is  concave,  require  to  be 
ground  upon  stones  of  very  small  dimensions.  Those  articles  which  require  a  certain 
temper,  which  is  the  case  with  most  cutting  instruments,  are  mostly  ground  on  a  wet 
stone ;  for  which  purpose  the  stone  hangs  within  the  iron  trough,  filled  with  water  to 
such  a  height  that  its  surface  may  just  touch  the  face  of  the  stone. 

Glazing  is  a  process  following  that  of  grinding :  it  consists  in  giving  that  degree  of 
lustre  and  smoothness  to  an  article  which  can  be  effected  by  means  of  emery  of  the 
various  degrees  of  fineness.  The  tool  on  which  the  glazing  is  peiformed,  is  termed  a 
glazer.  It  consists  of  a  circular  piece  of  wood,  formed  of  a  number  of  pieces  in  such  a 
manner  that  its  edge  or  face  may  always  present  the  endway  of  the  wood.  Were  it 
made  otherwise,  the  contraction  of  the  parts  would  destroy  its  circular  figure.  It  is 
fixed  upon  an  iron  axis  similar  to  that  of  the  stone.  Some  glazers  are  covered  on  the 
face  with  leather,  others  with  metal,  consisting  of  an  alloy  of  lead  and  tin  ;  the  latter 
are  termed  caps.  In  others,  the  wooden  surface  above  is  made  use  of.  Some  of  the 
leather-faced  glazers,  such  as  are  used  for  forks,  table  knives,  edge  tools,  and  all  the 
coarser  polished  articles,  are  first  coated  with  a  solution  of  glue,  and  then  covered  with 
emery.  The  surfaces  of  the  others  are  prepared  for  use  by  first  turning  the  face  very 
true,  then  filling  it  with  small  notches  by  means  of  a  sharp-ended  hammer,  and  lastly 
filling  up  the  interstices  with  a  compound  of  tallow  and  emery. 

The  pulley  of  the  glazer  is  so  much  less  than  that  of  the  stone,  that  its  velocity  is 
more  than  double,  having  in  general  a  surface  speed  of  1500  feet  in  a  second. 

The  process  of  polishing  consists  in  giving  the  most  perfect  polish  to  the  different 
articles.     Nothing  is  subjected  to  this  operation  but  what  is  made  of  cast  steel,  and  has 
been  previously  hardened  and  tempered. 
The  polisher  consists  of  a  circular  piece  of  wood  covered  with  buflf  leather,  the  surface 
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of  ■which  is  covered  from  time  to  time,  while  in  use,  with  the  crocus  of  iron,  called  also 
colcothar  of  vitriol. 

The  polisher  requires  to  run  at  a  speed  much  short  of  that  of  the  stone,  or  the  glazer. 
Whatever  may  be  its  diameter,  the  surface  must  not  move  at  a  rate  exceeding  70  or  80 
feet  in  a  second. 

CYANATES;  saline  compounds  of  cyanic  acid  with  the  bases  potash,  soda,  ammonia, 
baryta,  &c.  The  first  is  prepared  by  calcinins:,  at  a  dull  red  heat,  a  mixture  of  ferro- 
cyanide  of  potassium  (prussiate  of  potash)  and  black  oxyde  of  manganese.  The  cyanates 
have  not  hitherto  been  applied  to  any  use  in  the  arts. 

CYAJVHYDRIC  Acid  ;  another  name  for  the  hydrocyanic  or  prussic  acid.  See  Prus- 
sian Blue  and  Prussic  Acid. 

CYANIDES;  compounds  of  cyanogen  with  the  metals;  as  cyanide  of  potassium,  so- 
dium, barium,  calcium,  iron,  mercury.  The  last  is  the  only  one  of  importance  in  a 
manufacturing  point  of  view,  since  from  it  prussic  acid  is  made. 

CYANIDES,  FERRO.  Double  compounds  of  cyanogen  with  iron,  and  of  cyanogen 
with  another  metal,  such  as  potassium,  sodium,  barium,  &c.  The  ordinary  yellow  prus- 
siate of  potash  has  this  constitution,  and  is  called  the  ferro-cyanide. 

CYANOGEN.  A  gaseous  compound  of  two  prime  equivalents  of  charcoal  =  12,  and 
one  of  azote  =  14  =  26 ;  hydrogen  being  the  radix,  or  1.  It  consists  of  two  volumes 
of  vapor  of  carbon,  and  one  volume  of  azote,  condensed  into  one  volume;  and  has  there- 
fore a  density  equal  to  the  sum  of  the  weights  of  these  three  gaseous  volumes  =  1'815. 
Cyanogen  is  readily  piociued  by  exposing  the  cyanide  of  mercury  to  a  dull  red  heat  in 
a  retort ;  the  eas  is  evolved  and  may  be  collected  over  mercury.  Its  smell  is  very  sharp 
and  penetrating  ;  it  perceptibly  reddens  tincture  of  litmus ;  it  is  condensable  by  pressure 
at  a  low  temperature  into  a  liquid  ;  and  by  a  still  greater  degree  of  cold,  it  is  solidified. 
When  a  lighted  taper  is  applied  to  a  mixture  of  cyanogen  and  oxygen,  an  explosion  takes 
place;  caibonic  acid  is  formed,  and  the  azote  is  set  at  liberty. 

For  a  connected  view  of  the  various  compounds  of  cyanogen  employed  in  the  arts,  see 
Prussian  Blue. 

CIDER  {Cidre,Tr.;  Jpfehrein,  Germ.);  the  vinous  fermented  juice  of  the  apple. 
The  ancients  were  acquainted  with  cider  and  perry,  as  we  learn  from  the  following  pas- 
sage of  Pliny  the  naturalist :  "Wine  is  made  from  the  Syrian  pod,  from  pears  and  apples 
of  every  kind."  Book  xiv.  chap.  19.  The  term  cider  or  cidre  in  French,  at  first  written 
sidre,  is  derived  from  the  Latin  word  sicera,  which  denoted  all  other  fermented  liquors 
except  grape  wine.  Cider  seems  to  have  been  brought  into  Normandy  by  the  Moors  of 
Biscay,  who  had  preserved  the  use  of  it  after  coming  into  that  country  from  Africa.  It 
was  afterwards  spread  through  some  other  provinces  of  France,  whence  it  was  intro- 
duced into  England,  Germany,  and  Russia.  It  is  supposed  that  the  first  growths  of  Nor- 
mandy afford  still  the  best  specimens  of  cider.  Devonshire  and  Herefordshire  are  the 
counties  of  England  most  famous  for  this  beverage. 

Strong  and  somewhat  elevated  ground,  rather  drj',  and  not  exposed  to  the  air  of  the 
sea,  or  to  high  winds,  are  the  best  situations  for  the  growth  of  the  cider  apple.  The 
fruit  should  be  gathered  in  dry  weather.  The  juice  of  apples  is  composed  of  a  great 
deal  of  water;  a  little  sugar  analogous  to  that  of  the  grape  ;  a  matter  capable  of  causing 
fermentation  with  contact  of  air;  a  pretty  large  proportion  of  mucilage,  with  malic  acid, 
acetic  acid,  and  an  azotized  matter  in  a  very  small  quantity.  The  seeds  contain  a  bitter 
substance  and  a  little  essential  oil ;  the  pure  parenchyma  or  cellular  membrane  constitutes 
not  more  than  two  per  cent,  of  the  whole.  After  the  apples  are  gathered,  they  are  left 
in  the  barn-loft  for  fifteen  days  or  upwards  to  mellow;  some  of  them  in  this  case,  how- 
ever, become  soft  and  brown.  This  degree  of  maturation  diminishes  their  mucilage, 
and  develops  alcohol  and  carbonic  acid ;  in  consequence  of  which  the  cider  sufl'ers  no 
injury.  There  is  always,  however,  a  little  loss  ;  and  if  this  ripening  goes  a  little  further 
it  is  very  apt  to  do  harm,  notwithstanding  the  vulgar  prejudice  of  the  country  people  to 
the  contrary.  Too  much  care,  indeed,  cannot  be  taken  to  separate  the  sound  from  the 
spoiled  apples  ;  for  the  latter  merely  furnish  an  acid  leaven,  give  a  disagreeable  taste  to 
the  juice,  and  hinder  the  cider  from  fining,  by  leaving  in  it  a  certain  portion  of  the 
parenchyma,  which  the  gelatinous  matter  or  the  fermentation  has  diffused  through  it. 
Unripe  apples  should  be  separated  from  the  ripe  also,  for  they  possess  too  little  saccha- 
rum  to  be  properly  susceptible  of  the  vinous  fermentation. 

In  France,  where  cider  making  is  most  scientifically  practised,  it  is  prepared  by 
crushing  the  apples  in  a  mill  with  revolving  edge-stones,  turned  in  a  circular  stone  cis- 
tern by  one  or  two  horses.  When  the  fruit  is  half  mashed,  about  one  fifth  of  its  weight 
of  river  water  is  added,  or  the  water  of  lakes.  The  latter  have  been  found  by  expe- 
rience to  be  preferable  to  other  water. 

In  some  places  a  mill  composed  of  two  cast-iron  fluted  cylinders  placed  parallel  to 
each  other  under  the  bottom  of  a  hopper,  is  employed  for  crushing  the  apples.  One  of 
the  cylinders  is  turned  by  a  winch,  and  communicates  its  motion  in  the  opposite  direc- 
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tion  by  means  of  the  flutin^s  working  into  each  other.  Each  portion  of  the  fruit  must 
be  passed  thrice  through  this  rude  mill  in  order  to  be  sufficiently  mashed ;  and  the  same 
quantity  of  water  must  be  added  as  in  the  edge  stone  mill. 

After  the  apples  are  crushed  they  are  usually  put  into  a  large  tub  or  tun  for  12  or  24 
hours.  This  steeping  aids  the  separation  of  the  juice,  because  the  fermentative  motion 
which  takes  place  in  the  mass  breaks  down  the  cellular  membranes ;  but  there  is  always 
a  loss  of  alcohol  carried  olf  by  the  carbonic  acid  disengaged,  while  the  skins  and  seeds 
develop  a  disagreeable  taste  in  the  liquid.  The  vatting  might  be  suppressed  if  the  apples 
were  so  comminuted  as  to  give  out  their  juice  more  readily.  With  slight  modifications, 
the  process  employed  in  rasping  and  squeezing  the  beet-roots  might  in  my  opinion  be 
applied  with  great  advantage  to  the  cider  manufacture.     See  Sugar. 

After  the  vatting,  the  mashed  fruit  is  carried  to  the  press  and  put  xipon  a  square  wicker 
frame  or  into  a  hair  bag,  sometimes  between  layers  of  straw,  and  exposed  stratum  super 
stratum  to  strong  pressure  till  what  is  called  a  cheese  or  cake  is  formed.  The  mass 
is  to  be  allowed  to  drain  for  some  time  before  applying  pressure,  which  ought  to 
be  very  gradually  increased.  The  juice  which  exudes  with  the  least  pressure 
affords  the  best  cider  ;  that  which  flows  towards  the  end  acquires  a  disagreeable  taste 
from  the  seeds  and  the  skins.  The  must  is  put  into  casks  with  large  bungholes,  where 
it  soon  begins  to  exhibit  a  tumultuous  fermentation.  The  cask  must  be  completely 
filled,  in  order  that  all  tlie  light  bodies  suspended  in  the  liquid  when  floated  to  the  top 
by  the  carbonic  acid  may  flow  over  with  the  froth ;  this  means  of  clearing  cider  is 
particularly  necessary  with  the  weak  kinds,  because  it  cannot  be  expected  that  these 
matters  in  suspension  will  fall  to  the  bottom  of  the  casks  after  the  motion  has  ceased. 
In  almost  every  circumstance  besides,  when  no  saccharine  matter  has  been  added  to  the 
must,  that  kind  of  yeast  which  rises  to  the  top  must  be  separated,  lest  by  precipitation 
it  may  excite  an  acid  fermentation  in  the  cider.  The  casks  are  raised  upon  gawntrees 
or  stillions,  in  order  to  place  flat  tubs  below  them  to  receive  the  liquor  which  flows  over 
with  the  froth.  At  the  end  of  two  or  three  days,  for  weak  ciders  which  are  to  be 
drunk  somewhat  sweet,  of  6  or  10  days  or  more  for  stronger  ciders,  with  variations  for 
the  state  of  the  weather,  the  fermentation  will  be  sufficiently  advanced,  and  the  cider  may 
be  racked  off  into  other  casks.  Spirit  puncheons  preserve  cider  better  than  any  other, 
but  in  all  cases  the  casks  should  be  well  seasoned  and  washed.  Sometimes  a  sulphur 
match  is  burned  in  them  before  introducing  the  cider,  a  precaution  to  be  generally 
recommended,  as  it  suspends  the  activity  of  the  fermentation,  and  prevents  the  formation 
of  vinegar. 

The  cider  procured  by  the  first  expression  is  called  cider  without  water.  The  cake 
remaining  in  the  press  is  taken  out,  divided  into  small  pieces,  and  mashed  anew,  adding 
about  half  the  weight  of  water,  when  the  whole  is  carried  back  to  the  press  and  treated 
as  above  described.  The  liquor  thus  obtained  furnishes  a  weaker  cider  which  will  not 
keep,  and  therefore  must  be  drunk  soon. 

The  cake  is  once  more  mashed  up  with  water,  and  squeezed,  when  it  yields  a  liquor 
which  may  be  used  instead  of  water  for  moistening  fresh  ground  apples. 

The  processes  above  described,  although  they  have  been  long  practised,  and  have 
therefore  the  stamp  of  ancestral  wisdom,  are  extremely  defective.  Were  the  apples  ground 
with  a  proper  rotatory  rasp  which  would  tear  all  their  cells  asunder,  and  the  mash  put 
through  the  hydraulic  press  in  bags  between  hurdles  of  wicker-work,  the  juice  would 
be  obtained  in  a  state  of  perfection  fit  to  make  a  cider  superior  to  many  wines. 
An  experimental  process  of  this  kind  has  been  actually  executed  in  France  upon  a  con- 
siderable scale,  with  the  best  results.  The  juice  had  the  fine  flavor  of  the  apple,  was 
fermented  by  itself  without  any  previous  fermentation  in  the  mash,  and  afforded  an  excel- 
lent strong  cider  which  kept  well. 

When  the  must  of  the  apples  is  weak  or  sour,  good  cider  cannot  be  made  from  it 
without  the  addition  of  some  saccharine  matter.  The  sirup  into  which  potato  farina 
is  convertible  by  diastase  (saccharine  ferment),  see  Starch  and  Sugae,  would  answer 
well  for  enriching  poor  apple  juice. 


D. 

DAHLINE,  the  same  as  Inuline,  the  fecula  obtained  from  elecampane,  analogous  in 
many  respects  to  starch.     It  is  not  employed  in  the  arts. 

DAMASCUS  BLADES,  are  swords  or  cimeters,  presenting  upon  their  surface 
a  variegated  appearance  of  watering,  as  white,  silvery,  or  black  veins,  in  fine  lines, 
or  fillets  ;  fibrous,  crossed,  interlaced,  or  parallel,  &-c.  They  are  brought  from  the  East, 
being  fabricated  chiefly  at  Damascus,  whence  their  name.  Their  excellent  quality  has 
become  proverbial ;  for  which  reason  these  blades  are  much  sought  after  by  military 
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men,  and  are  high  priced.  The  oriental  processes  have  never  been  satisfactorily  de> 
scribed  ;  but  of  late  years  methods  have  been  devised  in  Europe  to  imitate  the  fabric  very 
well. 

Clouet  and  Hachette  pointed  out  the  three  following  processes  for  producing  Da- 
mascus blades  :  1,  that  of  parallel  fillets ;  2,  that  by  torsion;  3,  the  mosaic.  The  first, 
which  is  still  pursued  by  some  French  cutlers,  consists  in  scooping  out  with  a  graving 
tool  the  faces  of  a  piece  of  stuff  composed  of  thin  plates  of  different  kinds  of  steel. 
These  hollows  are  by  a  subsequent  operation  filled  up,  and  brought  to  a  level  with  the 
external  faces,  upon  which  ihey  subsequently  form  tress-like  figures.  2.  The  method  of 
torsion  which  is  more  generally  employed  at  present,  consists"  in  forming  a  bundle  of 
rods  or  slips  of  steel,  which  are  welded  together  into  a  well-wrought  bar,  twisted 
several  times  round  its  axis.  It  is  repeatedly  forged,  and  twisted  alternately ;  after 
which  it  is  slit  in  the  line  of  its  axis,  and  the  two  halves  are  welded  with  their  outsides 
in  contact ;  by  which  means  their  faces  will  exhibit  very  various  configurations.  3.  The 
mosaic  method  consists  in  preparing  a  bar,  as  by  the  torsion  plan,  and  cutting  this  bar 
into  short  pieces  of  nearly  equal  length,  with  which  a  fagot  is  formed  and  welded 
together;  taking  care  to  preserve  the  sections  of  each  piece  at  the  surface  of  the  blade. 
In  this  way,  all  the  variety  of  the  design  is  displayed,  corresponding  to  each  fragment  of 
the  cut  bar. 

The  blades  of  Clouet,  independently  of  their  excellent  quality,  their  flexibility,  and 
extreme  elasticity,  have  this  advantage  over  the  oriental  blades,  that  they  exhibit  in  the 
very  substance  of  the  metal,  designs,  letters,  inscriptions,  and,  generally  speaking,  all 
kinds  of  figures  which  had  been  delineated  beforehand. 

Notwithstanding  these  successful  results  of  Clouet,  it  was  pretty  clear  that  the  watered 
designs  of  the  true  Damascus  cimeter  were  essentially  different.  M.  Breant  has  at 
last  completely  solved  this  problem.  He  has  demonstrated  that  the  substance  of  the 
oriental  blades  is  a  cast-steel  more  highly  charged  with  carbon  than  our  European  steels, 
and  in  which,  by  means  of  a  cooling  suitably  conducted,  a  crystallization  lakes  place 
of  two  distinct  combinations  of  carbon  and  iron.  I'his  separation  is  the  essential  condi- 
tion ;  for  if  the  melted  steel  be  suddenly  cooled  in  a  small  crucible  or  ingot,  there  is  no 
damascene  appearance. 

If  an  excess  of  carbon  be  mixed  with  iron,  the  whole  of  the  metal  will  be  converted 
into  steel ;  and  the  residuary  carbon  will  combine  in  a  new  proportion  with  a  portion  of 
the  steel  so  formed.  There  will  be  two  distinct  compounds  ;  namely,  pure  steel,  and 
carbureted  steel  or  cast-iron.  These  at  first  being  imperfectly  mixed  will  tend  to 
separate,  if  while  still  lluid  they  be  left  in  a  slate  of  repose;  and  form  a  crystallization 
in  which  the  particles  of  the  two  compounds  will  place  themselves  in  the  crucible  in  an 
order  determined  by  their  affinity  and  density  conjoined.  If  a  blade  forged  out  of  steel 
so  prepared  be  immersed  in  acidulous  water,  it  will  display  a  very  distinct  Damascus 
appearance;  the  portions  of  pure  steel  becoming  black,  and  those  of  carhureted  steel 
remaining  white,  because  the  acids  with  difficulty  disengage  its  carbon.  The  slower 
such  a  compound  is  cooled,  the  larger  the  Damascus  veins  will  be.  Travernier  relates 
that  the  steel  crucible  ingots,  like  those  of  wootz,  for  making  the  true  oriental  Damascus, 
come  from  Golconda,  that  they  are  of  the  size  of  a  halfpenny  roll,  and  when  cut  in  two, 
form  two  swords. 

Steel  combined  with  manganese  forges  easily,  but  it  is  brittle  when  cold  ;  it  displays 
however  the  Damascus  appearance  very  strongly. 

A  mixture  of  100  parts  of  soft  iron,  and  2  of  lamp  black,  melts  as  readily  as  ordinary 
steel.  Several  of  the  best  blades  which  M.  Breant  presented  to  the  Sociele  d'Encourage- 
ment  are  the  product  of  this  combination.  This  is  an  easy  way  of  making  cast-steel 
without  previous  cementation  of  the  iron.  100  parts  of  filings  of  very  gray  cast-iron,  and 
100  parts  of  like  filinss  previously  oxydized,  produced,  by  their  fusion  together,  a  beautiful 
damascene  steel,  fit  for  forging  into  white  arms,  sabres,  swords,  &c.  This  compound  is 
remarkable  for  its  elasticity,  an  essenial  quality,  not  possessed  by  the  old  Indian  steel. 
The  greater  the  proportion  of  the  oxydized  cast-iron,  the  tougher  is  the  steel.  Care  should 
be  taken  to  stir  the  materials  during  their  fusion,  before  it  is  allowed  to  cool ;  otherwise 
they  will  not  aflbrd  a  homogeneous  damasc.  If  the  steel  contains  much  carbon  it 
is  difficult  to  forge,  and  cannot  be  drawn  out  except  within  a  narrow  range  of  temperature. 
When  heated  to  a  red-white  it  crumbles  under  the  hammer  ;  at  a  cherry-red  it  becomes 
hard  and  brittle;  and  as  it  progressively  cools  it  becomes  still  more  unmalleable.  It  re- 
sembles completely  Indian  steel,  which  European  blacksmiths  cannot  forge,  because  they 
are  ignorant  of  the  suitable  temperature  for  working  it.  M.  Breant,  by  studying  this 
point,  succeeded  in  forging  fine  blades. 

Experience  has  proved  that  the  orbicular  veins,  called  by  the  workmen  knots  or 
thorns  (roTices),  which  are  seen  upon  the  finest  Eastern  cimeters,  are  the  result  of  the 
manner  of  forging  them,  as  well  as  the  method  of  twisting  the  Damascus  bars.  If 
these  be  drawrT  in  length,  the  veins  will  be  longitudinal;  if  they  be  spread  equally  in  all 
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directions,  the  stuff  will  have  a  crystalline  aspect;  if  they  be  made  wavy  in  the  two 
directions,  undulated  veins  will  be  produced  like  those  in  the  oriental  Damascus. 

DAMASK  is  a  variegated  textile  fabric,  richly  ornamented  with  figures  of  flowers, 
fruits,  landscapes,  animals,  &c.,  woven  in  the  loom,  and  is  by  far  the  most  rich,  elegant, 
and  expensive  species  of  ornamental  weaving,  tapestry  alone  excepted.  The  name  is 
said  to  be  derived  from  Damascus,  where  it  was  anciently  made. 

Damask  belongs  to  that  species  of  texture  which  is  distinguished  by  practical  men  by 
the  name  of  tweeling,  of  which  it  is  the  richest  pattern.  The  tweel  of  damask  is  usually 
half  that  of  full  satin,  and  consequently  consists  of  eight  leaves  moved  either  in  regular 
succession  or  by  regular  intervals,  eight  leaves  being  the  smallest  number  which  will  ad- 
mit of  alternate  tweeling  at  equal  intervals. 

la  the  article  Carpet,  two  representations  have  been  given  of  the  damask  draw- 
loom. 

The  generic  difference  of  tweeling,  when  compared  with  common  cloth,  consists  in  the 
intersections,  although  uniform  and  equidistant,  being  at  determinate  intervals,  and  not  be- 
tween the  alternate  threads.  Hence  we  have  specimens  of  tweeled  cloth,  where  the  in- 
tersections take  place  at  the  third,  fourth,  fifth,  sixth,  seventh,  eighth,  or  sixteenth  interval 
onlj'.  The  threads  thus  deflecting  only  from  a  straight  line  at  intervals,  preserve  more 
of  their  original  direction,  and  a  much  greater  quantity  of  materials  can  be  combined  in 
an  equal  space,  than  in  ihe  alternate  intersection,  where  the  tortuous  deflection,  at  every 
interval,  keeps  them  more  asunder.  On  this  principle  tweeled  cloths  of  three  and  four 
leaves  are  woven  for  facility  of  combination  alone.  The  coarser  species  of  ornamented 
cloths,  known  by  the  names  of  dornock  and  diaper,  usually  intersect  at  the  fifth,  or  half 
satin  interval.  The  sixth  and  seventh  are  rarely  used,  and  the  intersection  at  the 
eighth  is  distinguished  by  the  name  of  satin  in  common,  and  of  damask  in  ornamental 
tweeling.  It  will  further  be  very  obvious,  that  where  the  warp  and  woof  cross  only  at 
every  eighth  interval,  the  two  sides  of  the  cloth  will  present  a  diversity  of  appearance ; 
for  on  one  side  the  longitudinal  or  warp  threads  will  run  parallel  from  one  end  of  a  web 
to  the  other,  and,  on  the  other,  the  threads  of  woof  will  run  also  parallel,  but  in  a  trans- 
verse direction  across  the  cloth,  or  at  right  angles  to  the  former.  The  points  of  intersec- 
tion being  only  at  every  eighth  interval,  appear  only  like  points  ;  and  in  regular  tweeling 
these  form  the  appearance  of  diagonal  lines,  inclined  at  an  angle  of  45°  (or  nearly  so)  to 
each  of  the  former. 

The  appearance,  therefore,  of  a  piece  of  common  tweeled  cloth  is  very  similar  to  that 
of  two  thin  boards  glued  together,  with  the  grain  of  the  upper  piece  at  right  angles  to 
that  of  the  under  one.  That  of  an  ornamental  piece  of  damask  may,  in  the  same  man- 
ner, be  very  properly  assimilated  to  a  piece  of  veneering,  where  all  the  wood  is  of  the 
same  substance  and  color,  and  where  the  figures  assume  a  diversity  of  appearance  from 
the  ground,  merely  by  the  grain  of  the  one  being  disposed  perpendicularly  to  that  of  the 
other.     See  Textile  Fabric. 

From  this  statement  of  the  principle,  it  results  that  the  most  unlimited  variety  of  figures 
will  be  produced,  by  constructing  a  loom  by  which  every  individual  thread  of  warp  may 
be  placed  either  above  or  below  the  woof  at  every  intersection ;  and  to  effect  this,  in 
boundless  variety,  is  the  object  of  the  Jacquard  mounting;  which  see. 

The  chief  seat  of  ihis  manufacture  is  probably  the  town  and  neighborhood  of  Dun- 
fermline, in  Fifeshire,  and  Lisburn  and  Ardoyne,  near  Belfast,  where  it  is  considered  as 
the  staple,  having  proved  a  very  profitable  branch  of  traffic  to  the  manufacturer,  and 
given  employment  to  many  industrious  people. 

The  material  used  there  is  chiefly  linen  ;  but  many  have  been  recently  woven  of  cotton, 
since  the  introduction  of  that  article  into  the  manufacture  of  cloth  has  become  so  prev- 
alent. The  cotton  damasks  are  considerably  cheaper  than  those  of  linen ;  but  are  not 
considered  either  so  elegant  or  durable.  The  cotton,  also,  unless  frequently  bleached,  does 
not  preserve  the  purity  of  the  white  color  nearly  so  well  as  the  linen. 

DAMASKEENING  ;  the  art  of  ornamenting  iron,  steel,  &c.,  by  making  incisions  upon 
its  surface,  and  filling  them  up  with  gold  or  silver  wire ;  chiefly  used  in  enriching  sword 
blades,  guards,  and  gripes,  locks  of  pistols,  &c. 

Its  name  shows  the  place  of  its  origin,  or,  at  least,  the  place  where  it  has  been  prac- 
tised in  the  greatest  perfection  ;  viz.,  the  city  of  Damascus,  in  Syria  ;  though  M.  Felibien 
attributes  the  perfection  of  the  art  to  his  countryman,  Cursinet,  who  wrought  under  the 
reiarn  of  Henry  IV. 

Damaskeening  is  partly  mosaic  work,  partly  engraving,  and  partly  carving.  As  mosaic 
work  it  consists  of  pieces  inlaid  ;  as  engraving,  the  metal  is  indented,  or  cut  in  intaglio; 
and  as  carving,  gold  and  silver  are  wrought  into  it  in  relievo. 

There  are  two  ways  of  damaskeening;  in  the  first,  which  is  the  most  beautiful,  the 
artists  cut  into  the  metal  with  a  graver,  and  other  tools  proper  for  engraving  upon 
steel,  and  afterwards  fill  up  the  incisions,  or  notches,  with  a  pretty  thick  silver  or  gold 
wire.     In  the  other,  which  is  only  superficial,  they  content  themselves  to  make  hatches, 
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or  strokes  across  the  iron,  &c.  with  a  cutting  knife,  such  as  is  used  in  making  of  small 
files.  As  to  the  first,  it  is  necessary  for  the  gravings  or  incisions  to  be  made  in  the  dove- 
tail form ;  that  the  gold  or  silver  wire,  which  is  thrust  forcibly  into  them,  may  adhere  the 
more  strongly.  As  to  the  second,  which  is  the  more  usual,  the  method  is  this  : — Having 
heated  the  steel  till  it  changes  to  a  violet,  or  blue  color,  they  hatch  it  over  and  across 
with  the  knife ;  then  draw  the  ensign  or  ornament  intended,  upon  this  hatching,  with  a 
fine  brass  point  or  bodkin.  This  done,  they  take  fine  gold  wire,  and  conducting  or  chasing 
it  according  to  the  figures  already  designed,  they  sink  it  carefully  into  the  hatches  of  the 
metal  with  a  copper  tool. 

DAMASSIN  is  a  kind  of  damask,  with  gold  and  silver  flowers,  woven  in  the  warp  and 
woof;  or  occasionally  with  silk  organzine. 

DAMPS,  in  mining,  are  noxious  exhalations,  or  rather  gases,  so  called  from  the  German 
dampf,  vapor.  There  are  two  principal  kinds  of  mine  gases,  the  fire-damp,  or  carbureted 
hydrogen,  and  the  choke-damp,  or  carbonic  acid  gas.     See  Mines. 

DAPHNINE  ;  the  bitter  principle  of  the  Daphne  Mpina. 

DATOLITE.     A  mineral  composed  of  silica,  lime,  and  boracic  acid. 

DECANTATION  (Eng.  and  Fr. ;  Jbgiessen,  Germ.)  is  the  act  of  pouring  off"  the  clear 
supernatant  fluid  from  any  sediment  or  deposite.  It  is  much  employed  in  the  chemical 
arts ;  and  is  most  conveniently  efl"ected  by  a  syphon. 

DECOCTION  (Eng.  and  Fr. ;  Abkochung,  Germ.)  means  either  the  act  of  boiling 
a  liquid  along  with  some  organic  substance,  or  the  liquid  compound  resulting  from  that 
act. 

DECOMPOSITION  (Eng.  and  Fr. ;  Zersetzung,  Germ.)  is  the  separation  of  the  con- 
stituent principles  of  any  compound  body.  The  following  table,  the  result  of  impt^rtant 
researches  recently  made  by  M.  Persoz,  Professor  of  Chemistry  at  Strasburgh,  shows  the 
order  in  which  decompositions  take  place  among  the  successive  substances. 


Nitric  Acid. 

Oxyde  of  Magnesium 

—  Silver 

—  Cobalt 

—  Nickel 
Protox.  of  Cerium 
Oxyde   of  Zinc 
Protox.  of  Manganese 
Oxyde   of  Lead 

—  Cadmium 

—  Copper 

—  Glucinum 

—  Alumium 

—  Uranium 

—  Chromium 
Protox.  of  Mercury 
Oxyde   of  Mercury 

—  Iron 

—  Bismuth 


Muriatic  Acid. 
Oxyde  of  Magnesium 

—  Cobalt 

—  Nickel 
Protox.  of  Mercury 

—  Cerium 
Oxyde   of  Zinc 
Protox.  of  Manganese 

—  Iron 

—  Uranium 

—  Copper 

—  Tin 
Oxyde   of  Glucinum 

—  Alumium 

—  Uranium 

—  Chromium 

—  Iron 

—  Tin 

—  Bismuth 

—  Antimony 

By  means  of  the  cupric  oxyde  we  may  separate,  1,  the  ferric  oxyde  from  the  manganous 
oxyde  ;  2,  the  cobaltic,  nickelic,  zincic  and  cerous  oxydes  from  the  uranic,  ferric,  chromic, 
and  aluminic  oxydes ;  3,  the  ferrous  oxyde  from  the  chromic  oxyde,  when  dissolved  in  the 
muriatic  acid. 

In  boiling  a  muriatic  solution  of  the  cobaltic,  nickelic,  and  manganous  oxydes,  with  the 
mercuric  oxyde,  the  first  two  oxydes  alone  are  precipitated.  Alumina  separates  the  cad- 
mic  oxyde  from  the  bismuthic  oxyde,  the  stannous  oxyde  from  the  stannic  oxyde,  and  the 
stannous  oxyde  from  the  antimonic  acid.  The  cupric  oxyde  separates  also  by  precipita- 
tion, the  aluminic,  uranic,  chromic,  titanic,  and  vanadic  oxydes  from  all  the  oxydes  which 
are  precipitable  in  the  state  of  sulphuret,  by  hydrosulphuret  of  ammonia. 

As  an  example  of  this  mode  of  analysis — 

Dissolve  pech-blende  in  aqua  regia,  precipitate  its  copper  by  sulphureted  hydrogen, 
boil  the  liquid  along  with  nitric  acid,  in  order  to  transform  all  the  uranium  into  uranic 
acid.  Next  boil  it  along  with  cupric  oxyde,  which  precipitates  only  the  uranic  and  ferric 
oxydes.  Redissolve  the  precipitate  in  nitric  acid,  and  boil  the  solution  with  mercuric 
oxyde,  which  does  not  precipitate  the  ferric  oxyde.  Finally,  separate  the  copper  and  the 
mercury  from  the  uranium,  by  means  of  sulphureted  hydrogen.  In  this  process  we  may 
substitute  plumbic  oxyde  for  the  cupric  oxyde,  and  succeed  equally  well. 

Knowledge,  like  the  above,  of  the  elective  affinities  and  habitudes  of  chemical  bodies, 
simple  and  compound,  imparts  to  its  possessor  an  irresistible  power  over  the  unions  and 
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disunions  of  the  elements,  which  he  can  exercise  with  certainty  in  effecting  innumerable 
transformations  in  the  arts. 

DECREPITATION  (Eng.  and  Fr. ;  Verknistern,  Germ.)  is  the  crackling  noise, 
attended  with  the  flying  asunder  of  their  parts,  made  by  several  salts  and  minerals, 
when  heated.  It  is  caused  by  the  unequal  sudden  expansion  of  their  substance  by  the 
heat.  Sulphate  of  baryta,  chloride  of  sodium,  calcareous  spar,  nitrate  of  baryta,  and  many 
more  bodies  which  contain  no  water,  decrepitate  most  violently,  separating  at  the  natural 
joints  of  their  crystalline  structure.  Some  chemists  have  preposterously  enough  ascribed 
the  phenomenon  to  the  expansion  of  the  combined  water  into  steam.  What  a  specimen 
of  inductive  philosophy  ! 

DEFECATION  (En?,  and  Fr. ;  Klaren,  Germ.),  the  freeing  from  dregs  or  impurities. 

DEFLAGRATION  (Eng.  and  Fr.  ;  Verptiffun^,  Germ.),  the  sudden  blazing  up  of  a 
combustible;  as  of  a  charcoal  or  sulphur  when  thrown  into  melted  nitre. 

DELPHINIA.  The  vegeto-alkaline  principle  of  the  Delphinium  staphysagria,  or 
stavesacre.     It  is  poisonous. 

DELIQUESCENT  (Zerjliessen,  Germ.)  is  said  of  a  solid  which  attracts  so  much 
moisture  from  the  air  as  to  become  spontaneously  soft  or  liquid ;  such  as  potash  and 
muriate  of  lime. 

DEPHLEGMATION  is  the  process  by  which  liquids  are  deprived  of  their  watery  par- 
ticles. It  is  applied  chiefly  to  spirituous  liquors,  and  is  now  nearly  obsolete,  as  involving 
the  alchemistical  notion  of  a  peculiar  principle  called  phlegm. 

DEPHLOGISTICATED ;  deprived  of  phlogiston, —"formerly  supposed  to  be  the 
common  combustible  principle.  It  is  nearly  synonymous  with  oxygenated.  The  idea 
originally  attached  to  the  word  having  proceeded  from  false  logic,  the  word  itself  should 
never  be  used  either  in  science  or  manufactures. 

DEPILATORY  {Depilatoire,  Fr.  ;  Enthaarensmittel,  Germ.)  is  the  name  of  any 
substance  capable  of  removing  hairs  from  the  human  skin  without  injuring  its  texture. 
They  act  either  mechanically  or  chemically.  The  first  are  commonly  glutinous 
plasters  formed  of  pitch  and  rosin,  which  slick  so  closely  to  the  part  of  the  skin  where 
they  are  applied,  that  when  removed,  they  tear  away  the  hairs  with  them.  This  method 
is  more  painful,  but  less  dangerous  than  the  other,  which  consists  in  the  solvent 
action  of  a  menstruum,  so  energetic  as  to  penetrate  the  pores  of  the  skin,  and  destroy 
the  bulbous  roots  of  the  hairs.  This  is  composed  either  of  caustic  alkalis,  sulphuret  of 
baryta,  or  arsenical  preparations.  Certain  vegetable  juices  have  also  been  recommended 
for  the  same  purpose;  as  spurge  and  acacia.  The  bruised  eggs  of  ants  have  likewise 
been  prescribed.  But  the  oriental  rusma  yields  to  nothing  in  depilatory  power. 
Gadet  de  Gassincourt  has  published  ia  the  I) ictionjiaire  des  Sciences  Medicates,  the  follow- 
ing recipe  for  preparing  it. 

Mix  two  ounces  of  quicklime  with  half  an  ounce  of  orpiment  or  realgar,  (sulphuret 
of  arsenic  ;)  boil  that  mixture  in  one  pound  of  strong  alkaline  ley,  then  try  its  strength 
by  dipping  a  feather  into  it,  and  when  the  flue  falls  off,  the  rusma  is  quite  strong  enough. 
It  is  applied  to  the  human  skin  by  a  momentary  friction,  followed  by  washing  with 
warm  water.  Such  a  caustic  liquid  should  be  used  with  the  greatest  circumspection, 
beginning  with  it  somewhat  diluted.  A  soap  is  sometimes  made  with  lard  and  the 
above  inHreJients ;  or  soft  soap  is  combined  with  them  ;  in  either  case  to  form  a  depila- 
tory pommaJe.  Occasionally  one  ounce  of  orpiment  is  taken  to  eight  ounces  of  quicklime, 
or  two  to  twelve,  or  three  to  fifteen;  the  last  mixture  being  of  course  the  most  active. 
Its  causticity  may  be  tempered  by  the  addition  of  one  eighth  of  starch  or  rye  flour,  so  as 
to  form  a  soft  paste,  which  being  laid  upon  the  hairy  spot  for  a  few  minutes,  usually  car- 
ries away  the  hairs  with  it. 

The  rusma  shoqld  never  be  applied  but  to  a  small  surface  at  a  time,  for  independently 
of  the  risk  of  corroding  the  skin,  dangerous  consequences  might  ensue  from  absorption 
of  the  arsenic. 

DETONATION.  See  Fulminating,  for  the  mode  of  preparing  detonating  powder  for 
the  percussion  caps  of  fire-arms. 

DEUTOXYDE  literally  means  the  second  oxyde,  but  is  usually  employed  to  denote 
a  compound  containing  two  atoms  or  two  prime  equivalents  of  oxygen  to  one  or  more  of 
a  metal.  Thus  we  say  deutoxyde  of  copper,  and  deutoxyde  of  mercury.  Berzelius  has 
abbreviated  this  expression  by  adopting  the  principles  of  the  French  nomenclature  of 
1787  ;  according  to  which  the  higher  stase  of  oxydizement  is  characterized  by  the  termina- 
tion ic,  and  the  lower  by  ous,  and  he  writes  accordingly  cupric  and  mercuric,  to  designate 
the  dentoxydes  of  these  two  metals  ;  cuprous  and  mercurous  to  designate  their  proloxydes. 
I  have  adopted  this  nomenclature  in  the  article  Decomposition,  and  in  some  other  parts 
of  this  Dictionary,  as  being  short  and  sufTiciently  precise. 

DEXTRINE  is  a  matter  of  a  gummy  appearance  into  which  the  interior  substance 
of  the  molecules  of  starch  is  converted,  through  the  influence  of  diastase  or  acids.  It 
derives  its  name  from  the  circumstance  that  it  turns,  more  than  any  other  body,  the 
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plane  of  polarization  to  tlie  right  hand.  It  is  white,  insipid,  without  smell,  transparent 
in  thin  plates,  friable,  with  a  glassy  fracture  when  well  dried.  It  is  not  altered  by  the 
heat  of  boiling  water,  but  at  280°  F.  it  becomes  brown,  and  acquires  the  flavor  of  toasted 
bread.  It  is  not  colored  by  iodine,  like  starch,  it  does  not  form  muric  acid  with  the  nitric, 
as  common  gum  does,  and  it  is  transformed  into  grape  sugar,  when  healed  along  with 
dilute  sulphuric  acid  or  diastase. 

Dextrine  is  much  employed  by  the  French  pastry-cooks  and  confectioners ;  it  is  a  good 
substitute  for  gum  arabic  in  medicine.  For  the  conversion  of  potato  or  other  starch  into 
dextrine  by  the  action  of  diastase,  see  this  article. 

DIAMOND.  Since  this  body  is  merely  a  condensed  form  of  carbon,  it  cannot  in  a 
chemical  classification  be  ranked  among  stones;  but  as  it  forms  in  commerce  the  most 
precious  of  the  gems,  it  claims  our  first  attention  in  a  practical  treatise  on  the  arts. 
Diamonds  are  distinguishable  by  a  great  many  peculiar  properties,  very  remarkable  and 
easily  recognised,  both  in  their  rough  state,  and  when  cut  and  polished.  Their  most 
absolute  and  constant  character  is  a  degree  of  hardness  superior  to  that  of  every  m.ineral, 
whence  diamonds  scratch  all  other  bodies,  and  are  scratched  by  none.  Their  peculiar 
adamantine  lustre,  not  easy  to  define,  but  readily  distinguishable  by  \h%  eye  from  that  of 
every  other  gem,  is  their  most  obvious  feature.  Their  specific  gravity  is  3*55.  Whether 
rough  or  polished,  diamonds  acquire  by  fiction  positive  electricity,  but  do  not  retain  it 
for  more  than  half  an  hour.  The  natural  form  of  diamonds  is  derivable  from  an  octahe- 
dron, and  they  never  present  crystals  having  one  axis  longer  than  the  other.  Their  struc- 
ture is  very  perceptibly  lamellar,  and  therefore,  notwithstanding  their  great  hardness, 
they  are  biittle  and  give  way  in  the  line  of  their  cleavage,  aflbrding  a  direct  means  of 
arriving  at  their  primitive  form,  the  regular  octahedron. 

The  diamond  possesses  either  single  or  double  refraction,  according  to  its  different  crys- 
talline forms ;  its  refractive  power  on  light  is  far  greater  than  it  ought  to  be  in  the  ratio 
of  its  density  ;  the  index  of  refraction  being  2-44,  wlience  Newton  long  ago  supposed  it  to 
consist  of  inflammable  matter.  Its  various  firms  in  nature  present  a  circumstance  peculiar 
to  this  body  ;  its  faces  are  rarely  terminated  by  planes,  like  most  other  native  crystals, 
but  they  are  often  rounded  of!',  and  the  edges  between  them  are  curved.  When  these 
secondary  faces  are  attentively  examined  with  a  lens,  we  remark  that  they  are  marked 
with  striae,  sometimes  very  fine  and  almost  imperceptible,  but  at  others  well  defined  ;  and 
that  these  strife  are  parallel  to  the  edges  of  the  octahedron,  and  consequently  to  those  of 
the  plates  that  are  applied  on  the  primitive  faces  of  this  figtire. 

Diamonds  are  usually  colorless  and  transparent  ;  when  colored,  their  ordinary  tint 
verges  upon  yellow,  or  smoke-yellow,  approaching  sometimes  to  olackish-brown.  Green 
diamonds  are  next  to  yellow  the  most  comrhon  ;  the  blue  possess  rarely  a  lively  hue,  but 
they  are  much  esteemed  in  Scotland.  The  rose  or  pink  diamonds  are  the  most  valued  of 
the  colored  kind,  and  exceed  sometimes  in  price  the  most  limpid  ;  though  generally 
speaking  the  latter  are  the  most  highly  prized. 

The  geo!o2ical  locality  of  the  diamond  seems  to  be  in  diluvial  gravel,  and  among  con- 
glomerate rocks;  consisting  principally  of  fragments  of  quartz,  or  rolled  pebbles  of  quartz 
mixed  with  ferruginous  sand,  which  compose  sometimes  hard  aggregated  masses.  This 
kind  of  furmation  is  called  cascalho  in  Brazil.  Its  accompanying  minerals  are  few  in 
number,  being  merely  black  oxydeof  iron,  micaceous  iron  ore,  pisiform  iron  ore,  fragments 
of  slaty  jasper,  several  varieties  of  quartz,  principally  amethyst.  In  Mr.  Heuland's 
splendid  collection  there  was  a  Brazilian  diamond  imbedded  in  brown  iron  ore;  another 
in  the  same,  belonging  to  M.  Schuch,  librarian  to  the  Crown  Princess  of  Portugal ;  and 
in  the  cabinet  of  M.  Eschwege  there  is  a  mass  of  brown  iron  ore,  containing  a  diamond 
in  thedrusy  cavity  of  a  green  mineral,  conjectured  to  be  aiseniate  of  iron.  From  these 
facts  it  may  be  inferred  with  much  probability  that  the  matrix  or  original  repository  of  the 
diamond  of  Brazil  is  brown  iron  ore,  which  occurs  in  beds  of  slaty  quartzose  micaceous 
iron  ore,  or  in  beds  composed  of  iron-glance  and  magnetic  iron  ore,  both  of  which  are 
apparently  subordinate  in  that  country  to  primitive  clay  slate. 

The  loose  earth  containing  diamonds  lies  always  a  little  way  beneath  the  surface  of 
the  soil,  towards  the  lower  outlet  of  broad  valleys,  rather  than  upon  the  ridges  of  the 
adjoining  hills. 

Only  two  places  on  the  earth  can  be  adduced  with  certainty  as  diamond  mines,  or 
rather  districts;  a  portion  of  the  Indian  peninsula,  and  of  Brazil. 

India  has  been  celebrated  from  the  most  remote  antiquity  as  the  country  of  diamonds. 
Its  principal  mines  are  in  the  kingdoms  of  Golconda  and  Visapour,  extending  from 
Cape  Comorin  to  Bengal,  at  the  foot  of  a  chain  of  mountains  called  the  Opxa,  which 
appear  to  belong  to  the  trap  rock  formation.  In  all  the  Indian  diamond  soils,  these 
gems  are  so  dispersed,  that  they  are  rarely  found  directly,  even  in  searching  the  richest 
spots,  because  they  are  enveloped  in  an  earthy  crust,  which  must  be  removed  before  they 
can  be  seen.  The  stony  matter  is  therefore  broken  into  pieces,  and  is  then,  as  well  as 
the  looser  earth,  washed  in  basins  scooped  out  on  purpose.     The  gravel  thus  washed  is 
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collected,  spread  out  on  a  smooth  piece  of  ground,  and  left  to  drj%     The  diamonds  are 
now  recognised  by  their  sparkling  in  the  sun,  and  are  picked  out  from  the  stones. 

The  diamond  mines  of*  Brazil  were  discovered  in  1728,  in  the  district  of  Serro-do- 
Frio.  The  ground  in  which  they  are  imbedded  has  the  most  perfect  resemblance  to  that 
of  the  East  Indies,  where  the  diamonds  occur.  It  is  a  solid  or  fiiable  conglomerate, 
consisting  chiefly  of  a  ferruginous  sand,  which  encloses  fragments  of  various  magnitude 
of  yellow  and  bluish  quartz,  of  schistose  jasper,  and  grains  of  gold  disseminated  with 
olisist  iron  ore;  all  mineral  matters  different  from  those  that  constitute  the  neighboring 
mountains;  this  conglomerate,  or  species  of  pudding-stone,  almost  always  superficial, 
occurs  sometimes  at  a  considerable  height  on  the  mountainous  table-land.  The  most 
celebrated  diamond  mine  is  that  of  Mandar?a,  on  the  Jisitonhonha,  in  the  district  of 
Serro-do-Frio  to  the  north  of  Rio  Janeiro.  The  river  Jigitonhonha,  three  times  broader 
than  the  Seine  at  Paris,  and  from  3  to  9  feet  deep,  is  made  nearly  dry,  by  drawing  the 
waters  off  with  sluices  at  a  certain  season  ;  and  the  cascalho  or  diamond-gravel  is  removed 
from  the  channel  by  various  mechanical  means,  to  be  washed  elsewhere  at  leisure.  This 
cascalho,  the  same  as  the  matrix  of  the  gold  mines,  is  collected  in  the  dry  season,  to  be 
searched  into  during  the  rainy;  for  which  purpose  it  is  formed  into  little  mounds  of  15 
or  16  tons  weioht  each.  The  washing  is  carried  on  beneath  an  oblong  shed,  by  means 
of  a  stream  of  water  admitted  in  determinate  quantities  into  boxes  containing  the  cas- 
calho. A  negro  washer  is  attached  to  each  box;  inspectors  are  placed  at  regular  dis- 
tances on  elevated  stools,  and  whenever  a  negro  has  found  a  diamond,  he  rises  up  and 
exhibits  it.  If  it  weighs  17|  carats,  he  receives  his  liberty.  Many  precautions  are 
taken  to  prevent  the  negroes  from  secreting  the  diamonds.  Each  squad  of  workmen 
consists  of^  200  negroes,  with  a  surgeon  and  an  almoner  or  priest. 

The  flat  lands  on  either  side  of  the  river  are  equally  rich  in  diamonds  over  their  whole 
surface,  so  that  it  becomes  very  easy  to  estimate  what  a  piece  of  ground  not  yet  washed 
may  produce. 

It  is  said  that  the  diamonds  surrounded  with  a  greenish  crust  are  of  the  first  water, 
or  are  the  most  limpid  when  cut.  The  diamonds  received  in  the  different  mines  of  the 
district  are  deposited  once  a  month  in  the  treasury  of  Tejuco ;  and  the  amount  of  what 
was  thus  delivered  from  1801  to  1806,  may  be  estimated  at  about  18  or  19  thousand  ca- 
rats per  annum. 

On  the  banks  of  the  torrent  called  Rio  Pardo,  there  is  another  mine  of  diamonds. 
The  ground  presents  a  great  many  friable  rocks  of  pudding-stone,  distributed  in  irregu- 
lar strata.  It  is  chiefly  in  the  bed  of  this  stream  that  masses  of  cascalho  occur,  pecu- 
liarly rich  in  diamonds.  They  are  much  esteemed,  particularly  those  of  a  greenish-blue 
color.  The  ores  that  accompany  the  diamond  at  Rio  Pardo  differ  somewhat  from  those 
of  the  washing  grounds  of  Mandanga,  for  they  contain  no  pisiform  iron  ore;  but  a  great 
many  pebbles  of  slaty  jasper.  This  table  land  seems  to  be  very  high,  probably  not  less 
than  5500  feet  above  the  level  of  the  sea. 

Tocaya,  a  principal  village  of  Minas  Novas,  is  34  leagues  to  the  northeast  of  Tejuco, 
in  an  acute  angle  of  the  confluence  of  the  Jigitonhonha  and  the  Rio  Grande.  In  the 
bed  of  the  streamlets  which  fall  westward  into  the  Jigitonhonha,  those  rolled  white 
topazes  are  found  which  are  known  under  the  name  of  minas  novas  with  blue  topazes,  and 
aquamarine  beryls.  In  the  same  country  are  found  the  beautiful  cymophanes  or  cryso- 
beryls  so  much  prized  in  Brazil.  And  it  is  from  the  cantons  of  Indaia  and  Abaite  that 
the  largest  diamonds  of  Brazil  come;  yet  they  have  not  so  pure  a  water  as  those  of  the 
district  of  Serro-do-Frio,  but  incline  a  little  to  the  lemon  yellow. 

Diamonds  are  said  to  come  also  from  the  interior  of  the  island  of  Borneo,  on  the  banks 
of  the  river  Succadan,  and  from  the  peninsula  of  Malacca. 

It  is  known  that  many  minerals  become  phosphorescent  by  heat,  or  exposure  to  the 
sun's  li2;ht.  Diamonds  possess  this  property,  but  all  not  in  equal  degree,  and  certain 
precautions  must  be  observed  to  make  it  manifest.  Diamonds  need  to  be  exposed  to  the 
sunbeam  for  a  certain  time,  in  order  to  become  self-luminous;  or  to  the  blue  rays  of  the 
prismatic  spectrum,  which  ausment  still  more  the  faculty  of  shining  in  the  dark.  Dia- 
monds susceptible  of  phosphorescence  exhibit  it  either  after  a  heat  not  raised  to  redness, 
or  the  electric  discharge.  They  possess  not  only  a  great  refractive  power  in  the  mean 
ray  of  li?ht,  but  a  high  dispersive  agency,  which  enables  them  to  throw  out  the  most 
varied  and  vivid  colors  in  multiplied  directions. 

Louis  de  Berquem  discovered,  in  1476,  the  art  of  cutting  diamonds  by  rubbing  them 
against  one  another,  and  of  polishing  them  with  their  own  powder.  These  operations 
may  be  abridged  by  two  methods:  1.  By  availing  ourselves  of  the  direction  of  the  lami- 
nfe  of  the  diamond  to  split  them  in  that  direction,  and  thus  to  produce  several  facets. 
This  process  is  called  cleaving  the  diamond.  Some,  which  appear  to  be  micle  crystals, 
resist  this  mechanical  division,  and  are  called  diamonds  of  nature.  2.  By  sawing  the 
diamonds  by  means  of  a  very  delicate  wire,  coated  with  diamond  powder. 

Diamonds  take  precedence  of  every  gem  for  the  purposes  of  dress  and  decoration;  and 
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hence  the  price  attached  to  those  of  a  pure  water  increases  in  so  rapid  a  proportion,  that 
beyond  a  certain  term  there  is  no  rule  of  commercial  valuation.  The  largest  diamond 
that  is  known  seems  to  be  that  of  the  Rajah  of  Mattan,  in  the  East  Indies.  It  is  of  the 
purest  water,  and  weighs  367  carats,  or  at  the  rate  of  4  grains  to  a  carat,  upwards  of  3 
ounces  troy.  It  is  shaped  like  an  egg,  with  an  indented  hollow  near  the  smaller  end ; 
it  was  discovered  at  Landak  about  100  years  ago;  and  though  the  possession  of  it  has 
cost  several  wars,  it  has  remained  in  the  Mattan  family  for  90  years.  A  governor  of 
Batavia,  after  ascertaining  the  qualities  of  the  gem,  wished  to  be  the  purchaser,  and 
offered  150,000  dollars  for  it,  besides  two  war  brigs  with  their  guns  and  ammunition, 
together  with  a  certain  number  of  great  guns,  and  a  quantity  of  powder  and  shot.  But 
this  diamond  possessed  such  celebrity  in  India,  and  was  regarded  as  a  talisman  involving 
the  fortunes  of  the  Rajah  and  his  family,  that  he  refused  to  part  with  it  at  any  price. 

Tiie  diamond  possessed,  in  the  time  of  the  traveller  Tavernier,  by  the  emperor  of 
Mogul,  a  kingdom  now  no  more,  weighed  279  carats,  and  was  reckoned  worth  upwards 
of  400,000/.  sterling.  It  was  said  to  have  lost  the  half  of  its  original  weight  in 
the  cutting.  After  these  prodigious  gems,  the  next  are : — 1.  That  of  the  emperor  of 
Russia,  bought  by  the  late  empress  Catharine,  which  weighs  193  carats.  It  is  said  to 
be  of  the  size  of  a  pigeon's  egs,  and  to  have  been  bought  for  90,000/.,  besides 
an  anntiity  to  the  Greek  merchant  of  4000/.  It  is  reported  that  the  above  diamond 
formed  one  of  the  eyes  of  the  famous  statue  of  Sheringan,  in  the  temple  of  Brama,  and 
that  a  French  grenadier,  who  had  deserted  into  the  Malabar  service,  found  the  means  of 
robbing  the  pagoda  of  this  precious  gem  ;  and  escaped  with  it  to  Madras,  where  he 
disposed  of  it  to  a  ship  captain  for  2,000/.,  who  resold  it  to  a  Jew  for  12,000/.  From 
him  it  was  transferred  for  a  large  sum  to  the  Greek  merchant.  2.  That  of  the  emperor 
of  Austria,  which  weishs  139  carats,  and  has  a  slightly  yellowish  hue.  It  has,  however, 
been  valued  at  100,000/.  3.  That  of  the  king  of  France,  called  the  Regent  or  Pitt 
diamond,  remarkable  for  its  form  and  its  perfect  limpidity.  Although  it  weighs  only  136 
carats,  its  fine  qualities  have  caused  it  to  be  valued  at  160,000/.,  though  it  cost  only 
100,000/. 

The  largest  diamond  furnished  by  Brazil,  now  in  possession  of  the  crown  of  Portugal, 
weighs,  according  to  the  highest  estimates,  120  carats.  It  was  found  in  the  streamlet 
of  Abaite,  in  a  clay-slate  district. 

The  diamonds  possessed  of  no  extraordinary  magnitude,  but  of  a  good  form  and  a 
pure  water,  may  be  valued  by  a  certain  standard  rule.  In  a  brilliant,  or  rose-diamond 
of  regular  proportions,  so  much  is  cut  away  that  the  weight  of  the  polished  gem  does 
not  exceed  one  half  the  weight  of  the  diamond  in  the  rough  state ;  whence  the  value  of 
a  cut  diamond  is  esteemed  equal  to  that  of  a  similar  rough  diamond  of  double  weight, 
exclvsive  of  the  cost  of  workmanship.  The  weight  and  value  of  diamonds  are  reckoned 
by  carats  of  4  grains  each ;  and  the  comparative  value  of  two  diamonds  of  equal  quality 
but  different  weights,  is  as  the  squares  of  these  weights  respectively.  The  average  price 
of  rough  diamonds  that  are  worth  working  is  about  21.  for  one  of  a  single  carat;  but  as 
a  polished  diamond  of  one  carat  must  have  taken  one  of  2  carats,  its  price  in  the  rough 
state  is  double  the  square  of  21.,  or  8/.  Therefore,  to  estimate  the  value  of  a  wrought 
diamond,  ascertain  its  weight  in  carats,  double  that  weight,  and  multiply  the  square  of 
this  product  by  21. 

Hence,  a  wrought  diamond  of  1  carat  is  worth     £  8 

2  —       32 

3  —       72 

4  —      128 

5  —      200 

6  —      288 

7  —      392 

8  —      612 

9  —      612 
10     —      800 

20  —  3200,  beyond  which  weight  the  prices 

can  no  longer  rise  in  this  geometrical  progression,  from  the  small  number  of  purchasers 
of  such  expensive  toys.  A  very  trifling  spot  or  flaw  of  any  kind  lowers  exceedingly  the 
commercial  value  of  a  diamond. 

Diamonds  are  used  not  only  as  decorative  gems,  but  for  more  useful  purposes,  as  for 
cutting  glass  by  the  glazier,  and  all  kinds  of  hard  stones  by  the  lapidary. 

On  the  structure  of  the  glazier's  diamond,  we  possess  some  very  interesting  observa- 
tions and  reflections  by  Dr.  Wollaston.  He  remarks,  that  the  hardest  substances 
brought  to  a  sharp  point  scratch  glass,  indeed,  but  do  not  cut  it,  and  that  diamond  alone 
possessed  that  property;  which  he  ascribes  to  the  peculiarity  of  its  crystallization  in 
rounded  faces,  and  curvilinear  edges.  For  glass-cutting,  those  rough  diamonds  are 
always  selected  which  are  sharply  crystallized,  hence  called  diamond  sparks ;    but  cut 
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diamonds  are  never  used.  The  inclination  to  be  given  to  a  set  diamond  in  cutting  glass 
is  comprised  within  very  narrow^  limits ;  and  it  ought,  moreover,  to  be  moved  in  the 
direction  of  one  of  its  angles.  The  curvilinear  edge  adjoining  the  curved  faces,  entering 
as  a  wedge  into  the  furrow  opened  up  by  itself,  thus  tends  to  separate  the  parts  of  the 
glass  ;  and  in  order  that  the  crack  which  causes  the  separation  of  the  vitreous  particles 
(nay  take  place,  the  diamond  must  be  held  almost  perpendicular  to  the  surface  of  the 
^lass.  The  Doctor  proved  this  theory  by  an  experiment.  If,  by  suitable  cutting  with  the 
wheel,  we  make  the  edges  of  a  spinel  ruby,  or  corundum-telesie  (sapphire)  curvilinear, 
and  the  adjacent  faces  curved,  these  stones  will  cut  glass  as  well  as  a  glazier's  diamond,  but 
being  less  hard  than  it,  they  will  not  preserve  this  property  so  long.  He  found  that  upon 
giving  the  surface  of  even  a  fragment  of  flint  the  same  shape  as  that  of  the  cutting 
diamond,  it  acquired  the  same  property  ;  but,  from  its  relative  softness,  was  of  little  dura- 
tion. The  depth  to  which  the  fissure  caused  by  the  glazier's  diamond  penetrates,  does 
not  seem  to  exceed  the  two-hundredth  of  an  inch. 

I  shall  here  introduce  Mr.  Milburn's  valuable  observations  on  the  choice  of  rough 
diamonds,  as  published  in  his  work  on  Oriental  Commerce. 

The  color  should  be  perfectly  crystalline,  resembling  a  drop  of  clear  spring  water,  in  the 
middle  of  which  you  will  perceive  a  strong  light,  playing  with  a  great  deal  of  spirit.  If 
the  coat  be  smooth  and  bright,  with  a  little  tincture  of  green  in  it,  it  is  not  the  worse, 
and  seldom  proves  bad,  but  if  there  is  a  mixture  of  yellow  with  green,  then  beware  of  it; 
it  is  a  soft  greasy  stone,  and  will  prove  bad. 

If  the  stone  has  a  rough  coal,  so  that  you  can  hardly  see  through  it,  and  the  coat  be 
white  and  look  as  if  it  were  rough  by  art,  and  clear  of  flaws  or  veins,  and  no  blemish  cast 
in  the  body  of  the  stone  (which  may  be  discovered  by  holding  it  against  the  light),  the 
stone  will  prove  good. 

It  often  happens  that  a  stone  will  appear  of  a  reddish  hue  on  the  outward  coat,  not 
unlike  the  color  of  rusty  iron,  yet  by  looking  through  it  against  the  light,  you  may  observe 
the  heart  of  the  stone  to  be  white  (and  if  there  be  any  black  spots,  or  flaws,  or  veins  in 
it,  they  may  be  discovered  by  a  true  eye,  although  the  coat  of  the  stone  be  the  same),  and 
such  stones  are  generally  good  and  clear. 

If  a  diamond  appears  of  a  greenish  bright  coat,  resembling  a  piece  of  green  glass, 
inclining  to  black,  it  generally  proves  hard,  and  seldom  bad;  sucli  stones  have  been 
known  to  have  been  of  the  first  water,  and  seldom  worse  than  the  second ;  but  if  any 
tincture  of  yellow  seems  to  be  mixed  with  it,  you  may  depend  on  its  being  a  very  bad 
stone. 

All  stones  of  a  milky  cast,  whether  the  coat  be  bright  or  dull,  if  ever  so  little  inclining 
to  a  bluish  cast,  are  naturally  soft,  and  in  danger  of  being  flawed  in  the  cutting ;  and 
though  they  should  have  the  good  fortune  to  escape,  yet  they  will  prove  dead  and  milky, 
and  turn  to  no  account. 

All  diamonds  of  cinnamon  color  are  dubious;  but  if  of  a  bright  coat  mixed  with 
a  little  green,  then  they  are  certainly  bad,  and  are  accounted  among  the  worst  of  colors. 
You  will  meet  with  a  great  many  diamonds  of  a  rough  cinnamon-colored  coat,  opaque ; 
this  sort  is  generally  very  hard,  and,  when  cut,  contain  a  great  deal  of  life  and  spirit ; 
but  the  color  is  very  uncertain  ;  it  is  sometimes  white,  sometimes  brown,  and  sometimes 
of  a  fine  yellow.  Rough  diamonds  are  frequently  beamij,  that  is,  look  fair  to  the  eye, 
yet  are  so  full  of  veins  to  the  centre,  that  no  art  or  labor  can  polish  them.  A  good 
diamond  should  never  contain  small  spots  of  a  white  or  gray  color  of  a  nebulous  form ; 
it  should  be  free  from  small  reddish  and  brownish  grains,  that  sometimes  occur  on  their 
surface,  or  in  their  interior.  A  good  diamond  should  split  readily  in  the  direction  of  the 
cleavage  ;  it  sometimes  happens,  however,  that  the  folia  are  curved,  as  is  the  case  in  twin 
crystals.  When  this  happens,  the  stone  does  not  readily  cut  and  polish,  and  is  therefore 
of  inferior  value. 

In  the  cut  and  polished  gem,  the  thickness  must  always  bear  a  certain  proportion  to 
the  breadth.  It  must  not  be  too  thin  nor  thick ;  for,  when  too  thin,  it  loses  much  of  its 
fire,  and  appears  not  unlike  glass. 

The  term  carat  is  said  to  be  derived  from  the  name  of  a  bean,  the  produce  of  a  species 
of  erythina,  a  native  of  the  district  of  Shangallas,  in  Africa;  a  famous  mart  of  gold-dust. 
The  tree  is  called  kuara,  a  word  signifying  sun  in  the  language  of  the  country ;  because 
it  bears  flowers  and  fruit  of  a  flame  color.  As  the  dry  seeds  of  this  pod  are  always  of 
nearly  uniform  weight,  the  savages  have  used  them  from  time  immemorial  to  weigh  gold. 
The  beans  were  transported  into  India,  at  an  ancient  period,  and  have  been  long  employ- 
ed there  for  weighing  diamonds.  The  carat  of  the  civilized  world  is,  in  fact,  an  imagi- 
nary weight,  consisting  of  4  nominal  grains,  a  little  lighter  than  4  grains  troy  (poids  de 
marc) ;  it  requires  74  carat  grains  and  J_  to  equipose  72  of  the  other. 

In  valuing  a  cut  diamond,  we  must  reckon  that  one  half  of  its  weight  has  been  lost  in 
the  lapidary's  hands ;  whence  its  weight  in  this  state  should  be  doubled  before  we 
calculate  its  price  by   the  general  rule  for  estimating  diamonds.     The  French  multiply 


398  DIAMOND  MICROSCOPES. 

by  48  the  square  of  this  weight,  and  they  call  the  product  in  francs  the  value  of  the 
diamond.  Thus,  for  example,  a  cut  diamond  of  10  carats  would  be  worth  (10  X  2)2 
X  48=19,200  francs,  or  768/.,  allowing  only  25  francs  to  the  pound  sterling. 

The  diamond  mines  of  Brazil  have  brought  to  its  government,  from  the  year  1730 
till  1814,3,023,000  carats;  being  at  the  average  rale  annually  of  36,000  carats,  or  a 
little  more  than  16  lbs.  weight.  They  have  not  been  so  productive  in  the  later 
years  of  that  period;  for,  according  to  Mr.  Mawe,  between  1801  and  1806,  onl> 
115,675  carats  were  obtained,  being  19,279  a  year.  The  actual  expenses  incurred  by 
the  sovernment,  during  this  interval,  was  4,419,700  francs;  and,  deducting  the  pro- 
duction in  gold  from  the  washings  of  the  diamond  gravel,  or  cascalho,  it  is  found  that 
the  rough  diamonds  cost  in  exploration,  per  carat,  38  francs  20  c,  or  nearly  31*. 
British  money.  The  contraband  is  supposed  to  amount  to  one  third  of  the  above 
legitimate  trade.  Brazil  is  almost  the  only  country  where  diamonds  are  mined  at  the 
present  dav ;  it  sends  annually  to  Europe  from  25  to  30  thousand  carats,  or  from  10  to 
16^  lbs. 

DIAMONDS,  culting  of.  Although  the  diamond  is  the  hardest  of  all  known  sub- 
stances, yet  it  may  be  split  by  a  steel  tool,  provided  a  blow  be  applied ;  but  this  requires 
a  perfect  knowledge  of  the  structure,  because  it  will  only  yield  to  such  means  in  certain 
directions.  This  circumstance  prevents  the  workman  from  forming  facettes  or  planes 
generally,  by  the  process  of  splitting;  he  is  therefore  obliged  to  resort  to  the  process 
of  abrasion,  which  is  technically  called  cutting.  The  process  of  cutting  is  effected  by 
fixing  the  diamond  to  be  cut  on  the  end  of  a  stick,  or  handle,  in  a  small  ball  of 
cement,  that  part  which  is  to  be  reduced  being  left  to  project.  Another  diamond  is 
also  fixed  in  a  similar  manner;  and  the  two  stones  being  rubbed  against  each  other 
with  considerable  force,  they  are  mutually  abraded,  flat  surfaces,  or  facettes,  being 
thereby  produced.  Other  facettes  are  formed  by  shifting  the  diamonds  into  fresh 
positions  in  the  cement,  and  when  a  suflicient  number  are  produced,  they  are  fit  for 
polishing.  The  stones,  when  cut,  are  fixed  for  this  purpose,  by  imbedding  them  in  soft 
solder,  contained  in  a  small  copper  cup,  the  part,  or  facetle,  to  be  polished,  being  left  to 
protrude. 

A  flat  circular  plate  of  cast-iron  is  then  charged  with  the  powder  produced  during 
the  abrasion  of  the  diamonds ;  and  by  this  means  a  tool  is  formed  which  is  capable  of 
producing  the  exquisite  lustre  so  much  admired  on  a  finely-polished  gem.  Those 
diamonds  that  are  unfit  for  working,  on  account  of  the  imperfection  of  their  lustre  or 
color,  are  sold,  for  various  purposes,  under  the  technical  name  of  Bort.  Stones  of  this 
kind  are  frequently  broken  in  a  steel  mortar,  by  repeated  blows,  until  they  are  reduced 
to  a  fine  powder,  which  is  used  to  charge  metal  plates,  of  various  kinds,  for  the  use  of 
jewellers,  lapidaries,  and  others.  Bort,  in  this  state  of  preparation,  is  incapable  of 
polishing  any  gems ;  but  it  is  used  to  produce  flat  surAxces  on  rubies  and  other  precious 
stones. 

Fine  drills  are  made  of  small  splinters  of  bort,  which  are  used  for  drilling  small  holes 
in  rubies,  and  other  hard  stones,  for  the  use  of  watcli-jewellers,  gold  and  silver  wire- 
drawers,  and  others,  who  require  very  fine  holes  drilled  in  such  substances.  These  drills 
are  also  used  to  pierce  holes  in  china,  where  rivets  are  to  be  inserted  ;  also  for  piercing 
holes  in  artificial  enamel  teeth,  or  any  vitreous  substances,  however  hard. 

DIAMOND  MICROSCOPES  were  first  suggested  by  Dr.  Goring,  and  have  been 
well  executed  by  Mr.  Pritchard.  Previous  to  grinding  a  diamond  into  a  spherical 
figure,  it  should  be  ground  flat  and  parallel  upon  both  sides,  that  by  looking  through  it, 
as  opticians  try  flint  glass,  we  may  see  whether  it  has  a  double  or  triple  refractive 
power,  as  many  have,  which  would  render  it  useless  as  a  lens.  Among  the  14  diflerent 
crystalline  forms  of  the  diamond,  probably  the  octahedron  and  the  cube  are  the  only  ones 
that  will  give  sin<;le  vision.  It  will,  in  many  cases,  be  advisable  to  grind  diamond 
lenses,  plano-convex,  both  because  this  figure  gives  a  low  spherical  aberration,  and 
because  it  saves  the  trouble  of  grinding  one  side  of  the  gem.  A  concave  tool  of  cast 
iron,  paved  with  diamond  powder,  hammered  into  it  by  a  hardened  steel  punch,  was 
employed  by  Mr.  Pritchard.  This  ingenious  artist  succeeded  in  completing  a  double 
convex  of  equal  radii,  of  about  J=.  of  an  inch  focus,  bearing  an  aperture  of  -^  of  an 
inch  with  distinctness  upon  opaque  objects,  and  its  entire  diameter  upon  transparent  ones. 
This  lens  gives  vision  with  a  trifling  chromatic  aberration;  in  other  respects,  like  Dr. 
Goring's  Amician  reflector,  but  without  its  darkness,  its  light  is  said  to  be  superior  to 
that  of  any  compound  microscope  whatever,  acting  with  the  same  power,  and  the  same 
angle  of  aperture.  The  advantage  of  seeing  an  object  without  aberration  by  the  inter- 
position of  only  a  single  magnifier,  instead  of  looking  at  a  picture  of  it  with  an  eye- 
glass, is  evident.  We  thus  have  a  simple  direct  view,  whereby  we  shall  see  more 
accurately  and  minutely  the  real  texture  of  objects. 

DIAPER  is  the  name  of  a  kind  of  cloth,  used  chiefly  for  table  linen.  It  is  known 
among  the  French  by  the  name  of  toile  fourre,  and  is  ornamented  with  the  most  extensive 
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figures  of  any  kind  of  tweeled  cloth,  excepting  damask.  The  mounting  of  a  loom  for 
working  diaper  is,  in  principle,  much  the  same  as  a  draw-loom,  but  the  figures  being 
less  extensive,  the  mounting  is  more  simple,  and  is  wrought  entirely  by  the  weaver, 
without  the  aid  of  any  other  person.  As  tweeled  cloths,  of  any  number  of  leaves,  are 
only  interwoven  at  those  intervals  when  one  of  the  leaves  is  raised,  the  woof  above,  and 
the  warp  below,  is  kept  floating  or  flushed,  until  the  intersection  takes  place.  Of  con- 
sequence, the  floating  yarn  above  appears  across  the  fabric,  and  that  below  longitudi- 
nally. This  property  of  tweeled  cloths  is  applied  to  form  the  ornamental  figures  of  all 
kinds  of  tweeled  goods,  merely  by  reversing  the  floating  yarn  when  necessary.  In  the 
simpler  patterns,  this  is  effected  by  a  few  additional  leaves  of  treddles;  but  when  the 
range  of  pattern  becomes  too  great  to  render  this  convenient,  an  apparatus  called  a  back 
harness  is  employed,  and  the  cloth  woven  with  this  mounting  is  called  diaper.  Diapers 
are  generally  five-leaf  tweels;  that  is  to  say,  every  warp  floats  under  four  threads  of 
woof,  and  is  raised,  and  of  course  interwoven  with  the  fifth.  This  is  done  either  suc- 
cessively, forming  diagonals  at  45°  upon  the  cloth,  or  by  intervals  of  two  threads,  which 
is  called  the  broken  tweel.  The  latter  is  generally,  if  not  universally,  adopted  in  the 
manufacture  of  diaper.  The  reason  of  preferring  the  broken  to  the  regular  tweel, 
where  ornaments  are  to  be  formed,  is  very  obvious.  The  whole  depending  upon  reversed 
flushing  to  give  the  appearance  of  oblique  or  diagonal  lines,  through  either,  would 
destroy  much  of  the  effect,  and  materially  injure  the  beauty  of  the  fabric.  The  broken 
tweel,  on  the  contrary,  restores  to  the  tweeled  cloth  a  great  similarity  of  appearance  to 
plain,  or  alternately  interwoven  fabrics,  and  at  the  same  time  preserves  the  facility  of 
producing  ornaments  by  reversing  the  flashing.  The  simplest  kinds  of  reversed  tweels 
will  be  found  described  under  Textile  Fabrics. 

DIASTASE.  This  curious  substance,  extracted  by  water  from  crushed  malt,  and  pre- 
cipitated from  that  infusion  by  alcohol,  as  is  described  under  Fermentation,  has  been 
made  the  subject  of  new  researches  by  M.  Guerin  Varry.  Tlie  conclusions  deducible 
from  his  interesting  experiments  are  the  following: — 

1.  One  part  of  diastase,  dissolved  in  30  parts  of  cold  water,  put  with  408  parts  of  po- 
tato starch  out  of  contact  of  air,  did  not  exercise  the  slightest  action  upon  this  substance 
in  the  course  of  63  days,  under  a  temperature  varying  from  68°  to  79°  Fahr. 

2.  Two  parts  of  diastase  do  not  in  the  course  of  an  hour  cause  the  globules  of  three 
parts  of  starch  to  burst,  at  a  temperature  approaching  very  nearly  to  that  of  the  hot  water 
which  bursts  them  into  a  paste.  It  follows  that  diastase  acts  no  part  in  the  process  of 
germination,  towards  eliminating  the  teguments  of  the  starch,  or  transforming  its  inte- 
rior portion  into  sugar,  and  a  gummy  matter  assimilated  by  plants. 

3.  Diastase  liquefies  and  saccharifies  the  paste  of  starch  without  absorption  or  disen- 
gagement of  gas;  a  reaction  which  takes  place  equally  in  vacuo  as  in  the  open  air. 

4.  100  parts  of  starch  made  into  a  paste  with  39  times  their  weight  of  water,  mixed 
with  6' 13  parts  of  diastase  dissolved  in  40  parts  of  water,  and  kept  for  an  hour  between 
140°  and  149°  Fahr.,  afforded  86-91  parts  of  sugar. 

5.  A  paste  containing  100  parts  of  starch,  and  1393  parts  of  water,  put  in  contact  with 
12-25  parts  of  diastase  dissolved  in  367  parts  of  cold  water,  having  been  maintained  at 
68°  Fahr.  daring  24  hours,  produced  77-64  parts  of  sugar. 

6.  The  preceding  experiment,  repeated  at  the  temperature  of  melting  ice,  afforded  at 
the  end  of  2  hours,  11-82  parts  of  sugar. 

7.  The  most  favorable  proportions  and  circumstances  for  the  production  of  a  great 
quantity  of  sugar,  are  a  slight  excess  of  diastase  or  barley  malt  (at  least  25  per 
cent,  of  the  latter),  about  50  parts  of  water  to  one  of  starch,  and  a  tempera- 
ture between  140°  and  149°  Fahr.  It  is  of  the  greatest  consequence  for  the  saccharifi- 
cation  to  take  place  as  speedily  as  possible,  so  that  the  sugar  produced  may  not  be  left  in 
contact  wiih  much  gummy  matter  {dextrine),  in  which  case  the  diastase  will  not  convert 
the  latter  into  sugar.  In  fact,  the  liquefaction  and  saccharification  should  proceed 
simultaneously. 

8.  The  sugar  of  starch,  prepared  either  with  diastase  or  sulphuric  acid,  crystallizes  in 
cauliflowers,  or  in  prisms  with  rhomboidal  facets.  It  has  the  same  composition  as  sugar 
of  grapes. 

9.  Diastase  even  in  excess  does  not  saccharify  the  gummy  matter  dissolved  in  the 
water  along  with  the  starch  sugar,  but  when  the  gum  is  insulated,  it  is  convertible  almost 
entirely  into  sugar. 

10.  Gum  arable,  cane  sugar,  and  beer  yeast,  suffer  no  change  from  diastase. 

11.  A  watery  solution  of  diastase  readily  decomposes  on  keeping,  either  in  contact  or 
out  of  contact  of  air. 

12.  When  starch-sugar,  whether  obtained  by  means  of  diastase  or  sulphuric  acid, 
is  submitted  to  the  spirituous  fermentation,  the  sum  of  the  weights  of  the  alcohol,  car- 
bonic acid,  and  water  of  crystallization  of  the  sugar,  is  less  than  the  weight  of  the 
sugar  by  about  3|  per  cent.     This  difference  proceeds  in  a  great  measure  from  the  form- 
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ation  of  some  acetic  acid,  lactic  acid,  volatile  oil,  and  probably  some  other  unknown  pro- 
ducts in  the  act  of  fermentation. 

DIMITY  is  a  kind  of  cotton  cloth  originally  imported  from  India,  and  now  manufa* 
tured  in  great  quantities  in  various  parts  of  Britain,  especially  in  Lancashire.  Dr. 
Johnson  calls  it  dimmity,  and  describes  it  as  a  kind  of  fustian.  The  distinction  between 
fustian  and  dimity  seems  to  be,  that  the  former  designates  a  common  tweeled  cotton  cloth 
of  a  stout  fabric,  which  receives  no  ornament  in  the  loom,  but  is  most  frequently  dyed 
after  being  woven.  Dimity  is  also  a  stout  cotton  cloth,  but  not  usually  of  so  thick  a  tex- 
ture; and  is  ornamented  in  the  loom,  either  with  raised  stripes  or  fancy  figures;  is  sel- 
dom dyed,  but  usually  worn  white,  as  for  bed  and  bed-room  furniture.  The  striped 
dimities  are  the  most  common;  they  require  less  labor  in  weaving  than  the  others;  and 
the  mounting  of  the  loom  being  more  simple,  and  consequently  less  expensive,  they  can 
be  sold  at  much  lower  rates.  See  Textile  Fabrics,  for  particular  details  of  the  plan  of 
mounting  them. 

DIES  FOR  STAMPING.  {Coins,  Fr. ;  Miinzstampeln,  Germ.)  The  first  circum- 
stance that  claims  particular  attention  in  the  manufacture  of  dies,  is  the  selection  of  the 
best  kind  of  steel  for  the  purpose,  and  this  must  in  some  measure  be  left  to  the  expe- 
rience of  the  die-forger,  who,  if  well  skilled  in  his  art,  will  be  able  to  form  a  tolerably 
correct  judgment  of  the  fitness  of  the  metal  for  the  purpose,  by  the  manner  in  which  it 
works  upon  the  anvil.  It  should  be  rather  fine-grained  than  otherwise,  and  above  all 
things  perfectly  even  and  uniform  in  its  texture,  and  free  from  spots  and  patches  finer  or 
coarser  than  the  general  mass.  But  the  very  fine  and  uniform  steel  with  a  silky  frac- 
ture, which  is  so  much  esteemed  for  some  of  the  purposes  of  cutlery,  is  unfit  for  our 
present  purpose,  from  the  extreme  facility  with  which  it  acquires  great  hardness  by  pres- 
sure, and  its  liability  to  cracks  and  flaws.  The  very  coarse-grained  or  highly  crystalline 
steel  is  also  equally  objectionable ;  it  acquires  fissures  under  the  die-press,  and  seldom 
admits  of  being  equally  and  properly  hardened.  The  object,  therefore,  is  to  select  a  steel 
of  a  medium  quality  as  to  fineness  of  texture,  not  easily  acted  upon  iDy  dilute  sulphuric 
acid,  and  exhibiting  a  uniform  texture  when  its  surface  is  washed  over  with  a  little 
aquafortis,  by  which  its  freedom  from  pins  of  iron,  and  other  irregularities  of  composi- 
tion, is  sufficiently  indicated. 

The  best  kind  of  steel  being  thus  selected,  and  properly  forged  at  a  high  heat  into 
the  roush  die,  it  is  softened  by  very  careful  annealing,  and  in  that  stale,  having  been 
smoothed  externally,  and  brought  to  a  table  in  the  turning  lathe,  it  is  delivered  to  the 
engraver. 

The  process  of  annealing  the  die  consists  in  heating  it  to  a  bright  cherry  red,  and  suf- 
fering it  to  cool  gradually,  which  is  best  eflected  by  bedding  it  in  a  crucible  or  iron  pot 
of  coarsely-powdered  charcoal,  that  of  animal  substances  being  generally  preferred.  In 
this  operation  it  is  sometimes  supposed  that  the  die,  or  at  least  its  superficial  parts,  be- 
comes super-carbonized,  or  highly-converted  steel,  as  it  is  sometimes  called  ;  but  expe- 
rience does  not  justify  such  an  opinion,  and  I  believe  the  composition  of  the  die  is 
scarcely,  certainly  not  materially,  aflTected  by  the  process,  for  it  does  not  remain  long 
enough  in  the  fire  for  the  purpose. 

The  engraver  usually  commences  his  labors  by  working  out  the  device  with  small 
steel  tools,  in  intaglio ;  he  rarely  begins  in  relief  (though  this  is  sometimes  done) ;  and 
havinsr  ultimately  completed  his  design,  and  satisfied  himself  of  its  general  effect  and 
correctness,  by  impressions  in  clay,  and  dabs,  or  casts  in  type  metal,  the  die  is  ready  for 
the  important  operation  of  hardeninsr,  which,  from  various  causes,  a  few  of  which  I 
shall  enumerate,  is  a  process  of  much  risk  and  difficulty;  for  should  any  accident  now 
occur,  the  labor  of  many  months  may  be  seriously  injured,  or  even  rendered  quite 
useless.  ' 

The  process  of  hardening  soft  steel  is  in  itself  very  simple,  though  not  very  easily 
explained  upon  mechanical  or  chemical  principles.  We  know  by  experience  that  it 
is  a  property  of  this  highly  valuable  substance  to  become  excessively  hard,  if  heated 
and  suddenly  cooled  ;  if,  therefore,  Ave  heat  a  bar  of  soft  malleable  and  ductile  steel  red 
hot,  and  then  suddenly  quench  it  in  a  large  quantity  of  cold  water,  it  not  only  becomes 
hard,  but  fragile  and  brittle.  But  as  a  die  is  a  mass  of  steel  of  considerable  dimen- 
sions, this  hardening  is  an  operation  attended  by  many  and  peculiar  difficulties,  more 
especially  as  we  have  at  the  same  time  to  attend  to  the  careful  preservation  of  the 
engravin?.  This  is  effected  by  covering  the  engraved  face  of  the  die  with  a  protecting 
face,  composed  of  fixed  oil  of  any  kind,  thickened  with  powdered  charcoal :  some 
persons  add  pipe-clay,  others  use  a  pulp  of  garlic,  but  pure  lamp-black  and  linseed  oil 
answer  the  purpose  perfectly.  This  is  thinly  spread  upon  the  work  of  the  die,  which, 
if  requisite,  may  be  further  defended  by  an  iron  ring ;  the  die  is  then  placed  with  its 
face  dov/nwards  in  a  crucible,  and  completely  surrounded  by  powdered  charcoal.  It  is 
heated  to  a  suitable  temperature,  that  is,  about  cherry  red,  and  in  that  state  is  taken  out 
with  proper  tongs,  and  plunged  into  a  body  of  cold  water,  of  such  magnitude  as  not 


DIES  FOR  STAMPING.  401 

to  become  materially  increased  in  temperature ;  here  it  is  rapidly  moved  about,  until  all 
noise  ceases,  and  then  left  in  the  water  till  quite  cool.  In  this  process  it  should  produce 
a  bubbling  and  hissing  noise;  if  it  pipes  and  sings,  we  may  generally  apprehend  a  crack 
or  fissure. 

No  process  has  been  found  to  answer  better  than  the  above  simple  and  common  mode 
of  hardening  dies,  though  others  have  had  repeated  and  fair  trials.  It  has  been  proposed 
to  keep  up  currents  and  eddies  of  cold  water  in  the  hardening  cistern,  by  means  of 
delivery-pipes,  coming  from  a  height;  and  to  subject  the  hot  die,  with  its  face  upper- 
most, to  a  sudden  and  copious  current  of  water,  let  upon  it  from  a  large  pipe,  supplied 
from  a  high  reservoir ;  but  these  means  have  not  in  any  way  proved  more  successful, 
either  in  saving  the  die  or  in  giving  it  any  good  qualities.  It  will  be  recollected,  from 
the  form  of  the  die,  that  it  is  necessarily  only,  as  it  were,  case-hardened ;  the  hardest 
strata  being  outside,  and  the  softer  ones  within,  which  envelop  a  core,  something  in 
the  manner  of  the  successive  coats  of  an  onion;  an  arrangement  which  we  sometimes 
have  an  opportunity  of  seeing  displayed  in  dies  which  have  been  smashed  by  a  violent 
blow. 

The  hardening  having  been  effected,  and  the  die  being  for  the  time  safe,  some  fur- 
ther steps  may  be  taken  for  its  protection;  one  of  these  consists  in  a  very  mild  kind  of 
tempering,  produced  by  putting  it  into  water,  gradually  raised  to  the  boiling  point, 
till  heated  throughout,  and  then  suffering  it  gradually  to  cool.  This  operation  renders 
the  die  less  apt  to  crack  in  very  cold  weather.  A  great  safeguard  is  also  obtained  by 
thrusting  the  cold  die  into  a  red-hot  iron  ring,  which  just  fits  it  in  that  state,  and  which, 
by  contracting  as  it  cools,  keeps  its  parts  together  under  considerable  pressure,  pre- 
venting the  spreading  of  external  cracks  and  fissures,  and  often  enabling  us  to  employ  a 
split  or  die  for  obtaining  punches,  which  would  break  to  pieces  without  the  protecting 
ring. 

If  the  die  has  been  successfully  hardened,  and  the  protecting  paste  has  done  its  duty, 
by  preserving  the  face  from  all  injury  and  oxydizement,  or<  burning,  as  it  is  usually 
called,  it  is  now  to  be  cleaned  and  polished,  and  in  this  state  constitutes  what  is 
technically  called  a  matrix;  it  may,  of  course,  be  used  as  a  multiplier  of  medals,  coins, 
or  impressions,  but  it  is  not  generally  thus  employed,  for  fear  of  accidents  happening 
to  it  in  the  coining  press,  and  because  the  artist  has  seldom  perfected  his  work  upon 
it  in  this  state.  It  is,  therefore,  resorted  to  for  the  purpose  of  finishing  a  punch,  or 
steel  impression  for  relief.  For  this  purpose  a  proper  block  of  steel  is  selected,  of 
the  same  quality,  and  with  the  same  precautions  as  before,  and  being  carefully  annealed, 
or  softened,  is  turned  like  the  matrix,  perfectly  true  and  flat  at  the  bottom,  and  obtusely 
conical  at  top.  In  this  state,  its  conical  surface  is  carefully  compressed  by  pow- 
erful and  proper  machinery  upon  the  matrix,  which,  being  very  hard,  soon  allows  it  to 
receive  the  commencement  of  an  impression ;  but  in  thus  receiving  the  impression,  it 
becomes  itself  so  hard  by  condensation  of  texture  as  to  require,  during  the  operation,  to 
be  repeatedly  annealed,  or  softened ;  otherwise  it  would  split  into  small  superficial  fis- 
sures, or  would  injure  the  matrix;  much  practical  skill  is  therefore  required  in  taking 
this  impression,  and  the  punch,  at  each  annealing,  must  be  carefully  protected,  so  that 
the  •vvork  may  not  be  injured. 

Thus,  after  repeated  blows  in  the  die-press,  and  frequent  annealing,  the  impression 
from  the  matrix  is  at  length  perfected,  or  brought  completely  up,  and  having  been  re- 
touched by  the  engraver,  is  turned,  hardened,  and  collared,  like  the  matrix,  of  which  it 
is  now  a  complete  impression  in  relief,  and,  as  we  have  before  said,  is  called  a  punch. 

This  punch  becomes  an  inexhaustible  parent  of  dies,  without  further  reference  to  the 
original  matrix ;  for  now  by  impressing  upon  it  plugs  of  soft  steel,  and  by  pursuing  with 
them  an  exactly  similar  operation  to  that  by  which  the  punch  itself  was  obtained,  we 
procure  impressions  from  it  to  any  amount,  which  of  course  are  fac-similes  of  the  matrix, 
and  these  dies  being  turned,  hardened,  polished,  and,  if  necessary,  tempered,  are  employed 
for  the  purposes  of  coinage. 

The  distinction  between  striking  medals  and  common  coin  is  very  essential,  and  the 
work  upon  the  dies  is  accordingly  adjusted  to  each.  Medals  are  usually  in  very  high 
relief,  and  the  effect  is  produced  by  a  succession  of  blows ;  and  as  the  metal  in  which 
they  are  struck,  be  it  gold,  silver,  or  copper,  acquires  considerable  hardness  at  each 
stroke  of  the  press,  they  are  repeatedly  annealed  during  the  process  of  bringing  them  up. 
In  a  beautiful  medal,  which  Mr.  Wyon  some  time  since  completed  for  the  Royal  Navy 
College,  the  obverse  represents  a  head  of  the  King,  in  very  bold  relief;  it  required 
thirty  blows  of  a  very  powerful  press  to  complete  the  impression,  and  it  was  necessary 
to  anneal  each  medal  after  every  third  blow,  so  that  they  went  ten  times  into  the  fire 
for  that  purpose.  In  striking  a  coin  or  medal,  the  lateral  spread  of  the  metal,  which 
otherwise  would  ooze  out  as  it  were  from  between  the  dies,  is  prevented  by  the  applica- 
tion of  a  steel  collar,  accurately  turned  to  the  dimensions  of  the  dies,  and  which, 
when  left  plain,  gives  to  the  edge  of  the  piece  a  finished  and  polished  appearance ;  it  is 

26 


402  DIGESTER. 

sometimes  grooved,  or  milled,  or  otherwise  ornamented,  and  occasionally  lettered,  in 
which  case  it  is  made  in  three  separate  and  moveable  pieces,  confined  by  a  ring,  into 
which  they  are  most  accurately  fitted,  and  so  adjusted  that  the  metal  may  be  forced  intc 
the  letters  by  its  lateral  spread,  at  the  same  time  that  the  coin  receives  the  blow  of  the 
screw-press. 

Coins  are  generally  completed  by  one  blow  of  the  coining-press.  These  presses  are 
worked  in  the  Royal  Mint  by  machinery,  so  contrived  that  they  shall  strike,  upon  an 
average,  sixty  blows  in  a  minute;  the  blank  piece,  previously  properly  prepared  and  an- 
nealed, being  placed  between  the  dies  by  part  of  the  same  mechanism. 

The  number  of  pieces  which  may  be  struck  by  a  sinale  die  of  good  steel,  properly 
hardened  and  duly  tempered,  not  unfrequently  amounts  at  the  Mint  to  between  three  and 
four  hundred  thousand,  but  the  average  consumption  of  dies  is  of  course  much  greater, 
owing  to  the  variable  qualities  of  steel,  and  to  the  casualties  to  which  the  dies  are 
liable  :  thus,  the  upper  and  lower  die  are  often  violently  struck  together,  owing  to  an 
error  in  the  layer-on,  or  in  that  part  of  the  machinery  which  ought  to  put  the  blank  into 
its  place,  but  which  now  and  then  fails  so  to  do.  This  accident  very  commonly  arises 
from  the  boy  who  superintends  the  press  neglecting  lo  feed  the  hopper  of  the  layer-on 
with  blank  pieces.  If  a  die  is  too  hard,  it  is  apt  to  break  or  split,  and  is  especially  sub- 
ject to  fissures,  which  run  from  letter  to  letter  upon  the  edge.  If  too  soft,  it  swells,  and 
the  collar  will  not  rise  and  fall  upon  it,  or  it  sinks  in  the  centre,  and  the  work  becomes 
distorted  and  faulty.  He,  therefore,  who  supplies  the  dies  for  an  extensive  coinage  has 
many  accidents  and  difficulties  to  encounter.  There  are  eight  presses  at  the  Mint,  fre- 
quently at  work  for  ten  hours  each  day,  and  the  destruction  of  eight  pair  of  dies  per  day 
(one  pair  for  each  press)  may  be  considered  a  fair  average  result,  though  they  much  more 
frequently  fall  short  of,  than  exceed  this  proportion.  It  must  be  remembered  that  each 
press  produces  3600  pieces  per  hour,  but,  making  allowance  for  occasional  stoppages,  we 
may  reckon  the  daily  produce  of  each  press  at  30,000  pieces ;  the  eight  presses,  there- 
fore, will  furnish  a  diurnal  average  of  240,000  pieces. 

DIGESTER  is  the  name  of  a  strong  kettle  or  pot  of  small  dimensions,  made  very 
strong,  and  mounted  with  a  safety  valve  in  its  top.  Papin,  the  contriver  of  this  appa- 
ratus, used  it  for  subjecting  bones,  cartilages,  &c.  to  the  solvent  action  of  high-pressure 
steam,  or  highly  heated  water,  whereby  he  proposed  to  facilitate  their  digestion  in 
the  stomach.  This  contrivance  is  the  origin  of  the  French  cookery  pans,  called 
autoclaves,  because  the  lid  is  self-keyed,  or  becomes  steam-tight  by  turning  it  round 
under  clamps  or  ears  at  the  sides,  having  been  previously  ground  with  emery  to  fit  the 
edge  of  the  pot  exactly.  In  some  autoclaves  the  lid  is  merely  laid  on  with  a  fillet  of 
linen  as  a  lute,  and  then  secured  in  its  place  by  means  of  a  screw  bearing  down  upon  its 
centre  from  an  arched  bar  above.  The  safety  valve  is  loaded  either  by  a  weight  placed 
vertically  upon  it,  or  by  a  lever  of  the  second  kind  pressing  near  its  fulcrum,  and 
acted  upon  by  a  weight  which  may  be  made  to  bear  upon  any  point  of  its  graduated 
arm. 

Chevreul  has  made  a  useful  application  of  the  digester  to  vegetable  analysis.  His 
jnstrument  consists  of  a  strong  copper  cylinder,  into  which  enters  a  tight  cylinder  of  sil- 
ver, having  its  edge  turned  over  at  right  angles  to  the  axis  of  the  cylinder,  so  as  to  form 
the  rim  of  the  digester.  A  segment  of  a  copper  sphere,  also  lined  with  silver,  stops  the 
aperture  of  the  silver  cylinder,  being  applied  closely  to  its  rim.  It  has  a  conical  valve 
pressed  with  a  spiral  spring,  of  any  desired  force,  estimated  by  a  steelyard.  This  spring 
is  enclosed  within  a  bi^ass  box  perforated  with  four  holes ;  which  may  be  screwed  into  a 
tapped  orifice  in  the  top  of  the  digester.  A  tube  screwed  into  another  hole  serves  to 
conduct  away  the  condensable  vapors  at  pleasure  into  a  Woulfe's  apparatus. 

DISTILLATION  (Eng.  and  Fr. ;  BrannUjoehibremierd,  Germ.)  means,  in  the  commer- 
cial language  of  this  country,  the  manufacture  of  intoxicating  spirits;  under  which  are 
comprehended  the  four  processes,  of  mashing  the  vegetable  materials,  cooling  the  worts, 
exciting  the  vinous  fermentation,  and  separating  by  a  peculiar  vessel,  called  a  still,  the 
alcohol  combined  with  more  or  less  water.  This  art  of  evoking  the  fiery  demon  of 
drunkenness  from  his  attempered  state  in  wine  and  beer,  was  unknown  to  the  ancient 
Greeks  and  Romans.  It  seems  to  have  been  invented  by  the  barbarians  of  the  north  of 
Europe,  as  a  solace  to  their  cold  and  humid  clime ;  and  was  first  made  known  to  the 
southern  nations  in  the  writings  of  Arnoldus  de  Villa  Nova,  and  his  pupil,  Raymond 
Lully  of  Majorca,  who  declares  this  admirable  essence  of  wine  to  be  an  emanation  of 
the  Divinity,  an  element  newly  revealed  to  man,  but  hid  from  antiquity,  because  the  hu- 
man race  were  then  too  young  to  need  this  beverage,  destined  to  revive  the  energies  of 
modern  decrepitude.  He  further  imagined  that  the  discovery  of  this  aqua  rite,  as  it  was 
called,  indicated  the  approaching  consummation  of  all  things — the  end  of  this  world. 
However  much  he  erred  as  to  the  value  of  this  remarkable  essence,  he  truly  predicted  its 
vast  influence  upon  humanity,  since  to  both  civilized  and  savage  nations  it  has  realized 
greater  ills  than  were  threatened  in  the  fabled  box  of  Pandora. 
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I  shall  consider  in  this  place  the  first  three  of  these  subjects,  reserving  for  the  article 
Still  an  account  of  the  construction  and  use  of  that  apparatus. 

Whiskey,  from  the  Irish  word  Usquebaugh,  is  the  British  name  of  the  spirituous 
liquor  manufactured  by  our  distillers,  and  corresponds  to  the  Eau  de  vie  of  the  French, 
and  the  Branntwein  of  the  Germans.  It  is  generated,  by  that  intestine  change  which 
grape  juice  and  other  glutino-saccharine  liquids  spontaneously  undergo  when  exposed  to 
the  atmosphere  at  common  temperatures ;  the  theory  of  which  will  be  expounded  under 
the  article  Fermentation.  The  production  of  whiskey  depends  upon  the  simple  fact, 
that  when  any  vinous  fluid  is  boiled,  the  alcohol,  being  very  volatile,  evaporates  first,  and 
may  thereby  be  separated  from  the  aqueous  vegetable  infusion  in  which  it  took  its  birth. 
Sugar  is  the  only  substance  which  can  be  transformed  into  alcohol.  Whatsoever  fruits, 
seeds,  or  roots  aflbrd  juices  or  extracts  capable  of  conversion  into  vinous  liquor,  either 
contain  sugar  ready  formed,  or  starch  susceptible  of  acquiring  the  saccharine  state  by 
proper  treatment.  In  common  language,  the  intoxicating  liquor  obtained  from  the  sweet 
juices  of  fruits  is  called  wine;  and  that  from  the  infusions  of  farinaceous  seeds,  beer; 
though  there  is  no  real  diflerence  between  them  in  chemical  constitution.  A  similar 
beverage,  though  probably  less  palatable,  is  procurable  from  the  juices  and  infusions  of 
many  roots,  by  the  process  of  fermentation.  Wine,  ciJer,  beer,  and  fermented  wash  of 
every  kind,  when  distilled,  yields  an  identical  intoxicating  spirit,  which  difl[ers  in  these 
different  cases  merely  in  flavor,  in  consequence  of  the  presence  of  a  minute  quantity  of 
volatile  oils  of  different  odors. 

I.  The  juices  of  sweet  fruits  contain  a  glutinous  ingredient  which  acts  as  a  ferment  in 
causing  their  spontaneous  change  into  a  vinous  condition ;  but  the  infusions  of  seeds, 
even  in  their  germinated  or  malted  state,  require  the  addition  of  a  glutinous  substance 
called  yeast,  to  excite  the  best  fermentation.  In  the  fabrication  of  wine  or  beer  for  drink- 
ing, the  fermentative  action  should  be  arrested  before  all  the  fruity  saccharum  is 
decomposed;  nor  should  it  on  any  account  be  suffered  to  pass  into  the  acetous  stage ; 
whereas  for  making  distillery  wash,  that  action  should  be  promoted  as  long  as  the 
proportion  of  alcohol  is  increased,  because  the  formation  of  a  little  acetic  acid  is  not 
injurious  to  the  quality  of  the  distilled  spirit,  but  rather  improves  its  flavor  by  the 
addition  of  acetic  ether,  while  all  the  undecomposed  sugar  is  lost.  Distillers  operate 
upon  the  saccharine  matter  from  corn  of  various  kinds  in  two  methods ;  in  the  first  they 
draw  off  a  pure  watery  extract  from  the  grain,  and  subject  this  species  of  wort  to  fer- 
mentation ;  in  the  second  they  ferment  and  distil  the  infused  mass  of  grains.  The 
former  is  the  practice  of  the  distillers  in  the  United  Kingdom,  and  is  preferable  on 
many  accounts ;  the  latter,  which  is  adopted  in  Germany,  Holland,  and  the  north 
of  Europe,  is  less  economical,  more  uncertain  in  the  product,  and  affords  a  cruder 
spirit,  in  consequence  of  the  fetid  volatile  oil  evolved  from  the  husks  in  the 
still.  The  substances  employed  by  the  distillers  may  be  distributed  into  the  following 
classes  : — 

1.  Saccharine  juices.  At  the  head  of  these  stands  cane-juice,  which  fresh  from  the 
mill  contains  from  12  to  16  per  cent,  of  raw  sugar,  and  like  the  must  of  the  grape 
enters  into  the  vinous  fermentation  without  the  addition  of  yeast,  affording  the  species 
of  spirit  called  Rum,  which  is  possessed  of  a  peculiar  aroma  derived  from  an  essential 
oil  in  the  cane.  An  inferior  sort  of  rum  is  fabricated  from  molasses,  mixed  with  the 
skimmings  and  washings  of  the  sugar  pans.  When  molasses  or  treacle  is  diluted  with 
twenty  times  its  weight  of  warm  water,  and  when  the  mixture  has  cooled  to  78°  F.,  if 
one  twelfth  of  its  weight  of  yeast  be  added,  fermentation  will  speedily  ensue,  and  an 
ardent  spirit  will  be  generated,  which  when  distilled  has  none  of  the  aroma  of  rum; 
proving  this  to  reside  in  the  immediate  juice  or  substance  of  the  cane,  and  to  be  dissi- 
pated at  the  high  temperature  employed  in  the  production  of  molasses.  Though  the 
cane  juice  will  spontaneously  undergo  the  vinous  fermentation,  it  does  so  more  slowly 
and  irregularly  than  the  routine  of  business  requires,  and  therefore  is  quickened  by  the 
addition  of  the  lees  of  a  preceding  distillation.  So  sensible  are  the  rum  distillers  of 
the  advantage  of  such  a  plan,  that  they  soak  woollen  cloths  in  the  yeast  of  the  ferment- 
ing vats,  in  order  to  preserve  a  ferment  from  one  sugar  season  to  another.  In  Jamaica 
and  some  other  of  our  colonies,  50  gallons  of  sp«nt  wash  or  lees  are  mixed  with  6  gal- 
lons of  molasses,  36  gallons  of  sugar-pan  skimmings  (a  substance  rich  in  aroma),  and 
8  gallons  of  water ;  in  which  mixture  there  is  about  one  twelfth  part  of  solid  saccha- 
rum. Those  who  attend  more  to  the  quality  than  the  quantity  of  their  rum,  will  use 
a  smaller  proportion  of  the  spent  wash,  which  is  always  empyreumatic,  and  imparts  more 
or  less  of  its  odor  to  the  spirit  distilled  from  it.  The  fermentation  is  seldom  complete 
in  less  than  9  days,  and  most  commonly  it  requires  from  12  to  15;  the  period  being 
dependant  upon  the  capacity  of  the  fermenting  tun,  and  the  quality  of  its  contents. 
The  liquid  now  becomes  clear,  the  froth  having  fallen  to  the  bottom,  and  few  bubbles 
of  gas  are  extricated  from  it,  while  its  specific  gravity  is  reduced  from  1-050  down  to 
0'992.    The  sooner  it  is  subjected  to  distillation  after  this  period,  the  better,  to  prevent 
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the  loss  of  alcohol  by  the  supervention  of  the  acetous  stage  of  fermentation,  an  accident 
very  liable  to  happen  in  the  sugar  colonies.  The  crude  spirit  obtained  from  the  large 
single  siill  at  the  first  operation,  is  rectified  in  a  smaller  still.  About  114  gallons  of 
rum,  proof  strength,  specific  gravity  0*920,  are  obtained  from  1200  gallons  of  wash. 
Now  these  1200  gallons  weigh  12,600  lbs.,  and  contain  nearly  one  eighth  of  their  weight 
of  sugar=1575  lbs.;  which  should  yield  nearly  its  own  weight  of  proof  spirit,  whose 
bulk  is  =  L575_]7]2  pound  measures=171'2  gallons ;  whereas  only  114  are  obtained  ; 
proving  the  processes  to  be  conducted  in  a  manner  far  from  economical,  even  with  every 
reasonable  allowance. 

Mr.  Edwards  gives  the  following  estimate:  "The  total  amount  of  sweets  from  an 
estate  in  Jamaica  which  makes  200  hogsheads  of  sugar,  is  16,666  gallons.  The  wash  set 
at  the  rate  of  12  per  cent,  sweets  should  return  34,720  gallons  of  low  wines,  which  should 
give  14,412  gallons  of  rum,  or  131  puncheons  of  110  gallons  each." 

By  my  own  experiments  on  the  quantity  of  proof  spirit  obtainable  from  molasses  by  fer- 
mentation (afterwards  to  be  detailed),  one  gallon  of  sweets  should  yield  one  gallon  of 
spirit;  and  hence  the  above  16,666  gallons  should  have  aflbrded  the  same  bulk  of  rum. 
But  here  we  are  left  somewhat  in  the  dark,  by  not  knowing  the  specific  gravity  of  the  rum 
spoken  of  by  Mr.  Edwards.  The  only  light  let  in  upon  us  is  when  he  mentions  rum  oil- 
proof,  that  is,  a  spirit  in  which  olive  oil  will  sink  ;  indicating  a  density  nearly  the  same 
witli  our  actual  excise  proof,  for  olive  oil  at  60°  F.  has  the  specific  gravity  0-919.  When 
a  solution  of  sugar  of  the  proper  strength  is  mixed  with  wine  lees,  and  fermented,  it 
affords  a  spirit  by  distillation  not  of  the  rum,  but  of  the  brandy  flavor. 

The  sweet  juices  of  palm  trees  and  cocoa  nuts,  as  also  of  the  maple,  and  ash,  birch, 
&c.,  when  treated  like  cane  juice  afford  vinous  liquors  from  which  ardent  spirits,  under 
various  names,  are  obtained;  as  arrack,  k,c.;  the  quantity  being  about  50  pounds  of 
alcohol  of  0'825  for  every  100  pounds  of  solid  saccharine  extract  present.  Honey  sim- 
ilarly treated  affords  the  metheglin  so  much  prized  by  our  ancestors.  Good  whey,  freed 
from  curd  by  boiling,  will  yield  4  per  cent,  of  spirit  of  wine,  when  fermented  with  the 
addition  of  a  little  yeast. 

2.  The  juices  of  apples,  pears,  currants,  and  such  fniits,  afford  by  fermentation  quan- 
tities of  alcohol  proportional  to  the  sugar  they  contain.  But  the  quality  of  the  spirit  is 
much  better  when  it  is  distilled  from  vinous  liquids  of  a  certain  age,  than  from  recently 
fermented  must.  Cherries  are  employed  in  Germany,  and  other  parts  of  the  Continent, 
for  making  a  hiah-flavored  spirit  called  Kirsch-wasser,  or  cherry  water.  The  fully  rii)e 
fruit  is  crushed  by  a  roller  press,  or  an  edge-stone  mill,  along  with  the  kernels  ;  the  pulp 
is  fermented  in  a  mass,  the  liquid  part  is  then  drawn  off,  and  distilled.  More  or  less 
prussic  acid  enters  from  the  kernels  into  this  spirit,  which  renders  it  very  injurious,  as  a 
liquor,  to  many  constitutions.  I  was  once  nearly  poisoned  by  swallowing  a  wine  glass  of 
it  in  the  valley  of  Chamouni.  The  ripened  red  fruit  of  the  mountain  ash  constitutes  a 
good  material  for  vinous  fermentation.  The  juice  being  mixed  with  some  water  and  a 
little  yeast,  affords  when  well  fermented,  according  to  Hermstaedt,  12  pounds,  or  1| 
gallons,  of  alcohol  from  2  bushels  of  the  ripe  berries. 

3.  Many  roots  contain  sugar,  particularly  beet,  from  which  no  less  than  7  per  cent,  of 
it  may  be  extracted  by  judicious  means.  Hermstaedt  recommends  to  mash  the  steam 
boiled  clean  roots,  and  add  to  the  paste  two  thirds  of  its  weight  of  boiling  water,  and  a 
thirtieth  of  its  weight  of  ground  malt,  mixing  the  materials  well,  and  then  leaving  them 
three  hours  in  a  covered  vessel.  The  mixture  must  now  be  passed  through  a  wire  sieve, 
with  meshes  of  one  third  of  an  inch  square  each ;  the  residuum  is  washed  with  a  little 
cold  water,  and,  when  the  temperature  has  fallen  to  77°  F.,  the  proper  quantity  of  yeast 
must  be  added,  and  the  fermentation  suffered  to  proceed  in  a  covered  tun.  In  5  or  6 
days  it  will  be  complete,  and  will  afford  by  distillation,  from  100  pounds  of  beet  root, 
about  10  or  12  pounds  of  proof  spirits.  Carrots  and  parsnips,  when  similarly  treated, 
yield  a  considerable  quantity  of  alcohol. 

II.  Ardent  spirits  or  whiskey  from  fecula  or  starchy  materials. 

I  have  already  pointed  out,  in  the  article  Beer,  how  the  starch  is  transformed  into  a 
saccharine  condition,  by  malting  and  mashing;  and  how  a  fermentable  wort  may  be  ob- 
tained from  starchy  meal.  By  like  operations  may  all  vegetable  substances,  which  con- 
sist chiefly  of  starch,  become  materials  for  a  whiskey  distillery.  To  this  class  belong 
all  the  farinaceous  grains,  potatoes,  and  the  pods  of  shell  fruits,  as  beans,  vetches,  horse- 
chestnuts,  acorns,  &c. 

1.  Whiskey  from  corn.  All  those  species  of  corn  which  are  employed  in  breweries 
answer  for  distilleries  ;  as  wheat,  rye,  barley,  and  oats ;  as  well  as  buckwheat,  and  maize  or 
Indian  corn.  The  product  of  spirits  which  these  different  grains  afford,  depends  upon 
the  proportion  of  starch  they  contain,  including  the  small  quantity  of  uncrystallizable 
sugar  present  in  them.  Hermstaedt,  who  has  made  exact  experiments  upon  the  subject, 
reckons  a  quart  (Prussian  or  British)  of  spirits,  containing  30  per  cent,  of  the  absolute 
alcohol  of  Richter,  for  2  pounds  of  starch.    Hence  100  pounds  of  starch  should  yield 
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35  pounds  of  alcohol ;  or  4*375  gallons  imperial,  equal  to  7-8  gallons  of  spirits,  excise 
proof. 

100  pounds  of  the  following  grains  afford  in  spirits  of  specific  gravity  0.9427,  con- 
taining 45  per  cent,  of  absolute  alcohol,  (=  -9j  of  British  proof,)  the  following  quan- 
tities : — 

Wheat,  40  to  45  pounds  of  spirits ;  rye,  36  to  42 ;  barley,  40  ;  oats,  36  ;  buckwheat, 
40 ;  maize,  40.  The  mean  of  the  whole  may  be  taken  at  40  pounds,  equal  to  4^  gallons 
imperial,  of  0-9427  specific  gravity  =  3-47  gallons,  at  excise  proof.  The  chief  difference 
in  these  several  kinds  of  corn  consists  in  their  different  bulks  under  the  same  weight ;  a 
matter  of  considerable  importance  ;  for  since  a  bushel  of  oats  weighs  little  more  than  the 
half  of  a  bushel  of  wheat,  the  former  becomes  for  some  purposes  less  convenient  in  use 
than  the  latter,  though  it  affords  a  good  spirit. 

Barley  and  rye  are  the  species  of  grain  most  commonly  employed  in  the  European 
distilleries  for  making  whiskey.  Barley  is  mostly  taken  either  partly  or  altogether  in 
the  malted  state;  while  the  other  corns  are  not  malted,  but  merely  mixed  with  a  certain 
proportion  of  barley  malt  to  favor  the  saccharine  fermentation  in  the  mashing.  It  is 
deemed  preferable  to  use  a  mixture  of  several  sorts  of  grain,  instead  of  a  single  one ;  for 
example,  wheat  with  barley  and  oats ;  or  barley  with  rye  and  wheat ;  for  the  husks  of 
the  oats  diffused  through  the  wheat  flour  and  rye  meal  keep  it  open  or  porous  when 
mashed,  and  thus  favor  the  abstraction  of  the  wort ;  while  the  gluten  of  the  wheat  tends 
to  convert  the  starch  of  the  barley  and  oats  into  sugar.  When  the  whole  of  the  grain, 
however,  is  malted,  a  much  more  limpid  wort  is  obtained  than  from  a  mixture  of  malt 
with  raw  grain  ;  hence  the  pure  malt  is  preferable  for  the  ale  and  porter  brewer,  while 
the  mixture  affords  a  larger  product,  at  the  same  cost  of  materials,  to  the  distiller.  When 
barley  is  the  only  grain  employed,  from  one  third  to  one  sixth  of  malt  is  usually  mixed 
with  it ;  but  when  wheat  and  rye  are  also  taken,  the  addition  of  from  one  eighth  to  one 
sixteenth  of  barley  malt  is  sufficient.  Oats  are  peculiarly  proper  to  be  mixed  with  wheat, 
to  keep  the  meal  open  in  the  mashing. 

The  following  are  the  proportions  used  by  some  experienced  Scotch  distillers. 
250  bolls,  containing  6  bushels  each,  being  used  for  a  mashing,  consist  of, 

25  bolls  of  oats,  weighing  284  lbs.  per  boll,  or  47|  lbs.  per  bushel; 
42  malt  240  40 

25  rye  320  53 § 

138  barley  320  53i 

250  mean  48^ 

From  each  boll,  weighing  291  lbs.,  14  imperial  gallons  of  proof  whiskey  are  obtained 
on  an  average;  equivalent  to  11*2  gallons  at  25  over  proof. 

The  mailing  for  the  distilleries  is  to  be  conducted  on  the  same  principles  as  for  the 
breweries,  but  the  malt  ought  to  be  lightly  kiln-dried,  and  that  preferably  at  a  steam  heat, 
instead  of  a  fire,  which  is  apt  to  give  an  empyreumatic  smell  to  the  grain  that  passes  into 
the  spirits.  For  such  persons,  indeed,  as  relish  the  smell  of  burned  turf,  called  peat-reek 
in  Scotland,  the  malt  should  be  dried  by  a  turf  fire,  whereby  the  whiskey  will  acquire 
that  peculiar  odor. 

But  this  smell,  which  was  originally  prized  as  a  criterion  of  whiskey  made  from  pure 
malt,  moderately  fermented  and  distilled  with  peculiar  care,  has  of  late  years  lost  its 
value,  since  the  artifice  of  impregnating  bad  raw  grain  whiskey  with  peat-smoke  has  been 
extensively  practised. 

Dr.  Kolle,  in  his  treatise  on  making  spirits,  describes  a  malting  kiln  with  a  copper 
plate  heated  with  steam,  18  feet  long,  and  12  feet  broad,  on  which  a  quantity  of  malt 
bein?  spread  thin,  is  changed  every  3  or  4  hours,  so  that  in  24  hours  he  turns  out  upwards 
of  28  cwt.  of  an  excellent  and  well  kilned  article.  The  malt  of  the  distiller  should  be  as 
pale  as  possible,  because  with  the  deepening  of  the  color  an  empyreumatic  principle  is 
generated. 

When  Indian  corn  is  the  subject  of  distillation,  it  must  be  malted  in  the  same  way  as 
described  in  the  article  Beer.  According  to  Hermstaedt,  its  flour  may  be  advan- 
tageously mixed  with  the  crushed  malt  in  the  mash  tun.  But  its  more  complete  dissolu- 
tion may  be  accomplished  by  Siemen's  mode  of  operating  upon  potatoes,  presently  to  be 
described. 

1.  Mashing.  Barley  and  raw  grain  are  ground  to  meal  by  millstones,  but  malt  is  merely 
crushed  between  rollers.  If  only  one  tenth  or  one  eighth  of  malt  be  used  with  nine 
tenths  or  seven  eighths  of  barley,  some  husks  of  oats  are  added,  to  render  the  mash 
mixture  more  drainable. 

When  40  bushels  of  barley  and  20  of  malt  form  one  mashing,  from  600  to  700 
gallons  of  water,  heated  to  150°  F.,  are  mixed  with  these  60  bushels  in  the  mash  tun, 
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and  carefully  incorporated  by  much  manual  labor  with  wooden  oars,  or  in  great  concerns 
by  the  mechanical  appafatus  used  in  the  breweries.  This  agitation  must  be  continued 
for  2  or  3  hours,  -with  the  admission  from  time  to  time  of  about  400  additional  gallons  of 
water,  at  a  temperature  of  190°,  to  counteract  the  cooling  of  the  materials.  But  since 
the  discovery  of  diastase,  as  the  best  heat  for  saccharifying  starch  is  shown  to  be  not 
higher  than  160°  F.,  it  would  be  far  better  to  mash  in  a  tun,  partially,  at  least,  steam 
incased,  whereby  we  could  preserve  the  temperature  at  the  appropriate  degree  for  gene- 
rating the  greatest  quantity  of  sugar. 

If  the  wort  be  examined  every  half-hour  of  the  mashing  period,  it  will  be  found 
to  become  progressively  sweeter  to  the  taste,  thinner  in  appearance,  but  denser  in 
reality. 

The  wort  must  be  drawn  off  from  the  grains  whenever  it  has  attained  its  maximum 

density,  which  seldom  exceeds  150  lbs.  per  barrel ;  that  is, it =  1-42,  or  42 

'360 
per  cent.  As  the  corn  of  the  distiller  of  raw  grain  has  not  the  same  porosity  as  the 
brewer's,  the  wort  cannot  be  drawn  off  from  the  bottom  of  the  tun,  but  through  a  series 
of  holes  at  the  level  of  the  liquor,  bored  in  a  pipe  stuck  in  at  the  corner  of  the  vessel. 
About  one  third  only  of  the  water  of  infusion  can  thus  be  drawn  off  from  the  pasly 
mass.  More  water  is  therefore  poured  on  at  the  temperature  of  190°,  well  mixed  by 
agitation  for  half  an  hour,  then  quietly  infused  for  an  hour  and  a  half,  and  finally  drawn 
off  as  before.  Fully  400  gallons  of  water  are  used  upon  this  occasion,  and  nearly  as 
much  liquor  may  be  drawn  off.  Lastly,  to  extract  from  the  grains  everything  soluble, 
about  700  gallons  of  boiling  hot  water  are  turned  in  upon  them,  thoroughly  incorpo- 
rated, then  left  quietly  to  infuse,  and  drawn  off  as  above.  This  weak  wort  is  commonly 
reserved  for  the  first  liquor  of  the  next  mashing  operation  upon  a  fresh  quantity  of  meal 
and  malt. 

The  English  distiller  is  bound  by  law  to  make  his  mixed  worts  to  be  let  down  into  the 
fermenting  tun  of  a  specific  gravity  not  less  than  1-050,  nor  more  than  1090  ;  the  Scotch 
and  Irish  distillers  not  less  than  1-030,  nor  more  than  1-080;  which  numbers  are  called, 
gravity  50,  90,  30,  and  80,  respectively. 

With  the  proportion  of  malt,  raw  grain,  and  water,  above  prescribed,  the  infusion  first 
drawn  off  may  have  a  strength  —  20  per  cent.  =  spec.  grav.  1-082,  or  73  lbs.  per  barrel ; 
the  second  of  50  lbs.  per  barrel,  or  14  per  cent. ;  and  the  two  together  would  have  a 
strength  of  61-2  lbs.  per  barrel  =  17  per  cent.,  or  spec.  grav.  1-070.  From  experiments 
carefully  made  upon  a  considerable  scale,  it  appears  that  no  more  than  four  fifths  of  the 
soluble  saccharo-starchy  matter  of  the  worts  is  decomposed  in  the  best  regulated  fermen- 
tations of  the  distiller  from  raw  grain.  For  every  2  lbs.  so  decomposed,  1  lb.  of  alcohol, 
spec.  grav.  0-825,  is  generated ;  and  as  every  gallon  of  spirits  of  the  spec.  grav.  0-t(09 
contains  4-6  lbs.  of  such  alcohol,  it  will  take  twice  46  or  9-2  lbs.  of  saccharine  matter  to 
produce  the  said  gallon.  To  these  9-2  lbs.,  truly  transmuted  in  the  process,  we  must  add 
one  fifth,  or  1-84  lbs.,  which  will  raise  to  1104  the  amount  of  solid  matter  employed  in 
producing  a  aallon  of  the  above  spirits. 

Some  distillers  mash  a  fourth  time ;  and  always  use  the  feeble  wort  so  obtained  in 
mashing  fresh  grain. 

2.  As  the  imperfect  saccharine  infusion  obtained  from  raw  grain  is  much  more  aces- 
cent than  the  rich  sugary  solution  got  from  malt  in  the  breweries,  the  distiller  must 
use  every  precaution  to  cool  his  worts  as  quickly  as  possible,  and  to  keep  them  clear  from 
any  acetous  taint.  The  diflTerent  schemes  of  cooling  worts  are  considered  under  Beer 
and  Refrigeration.  As  the  worts  cool,  a  quantity  of  starchy  matter  is  precipitated,  but 
it  is  all  carefully  swept  along  into  the  fermenting  tun,  and  undoubtedly  contributes  to  in- 
crease the  production  of  alcohol.  During  the  winter  and  temperate  months,  when  .the 
distilleries  are  most  actively  at  work,  the  temperature  at  which  the  worts  are  set  is 
usually  about  70"  F.  When  much  farinaceous  deposite  is  present,  the  heat  may  be  only 
65°,  because,  in  this  case,  a  slow  fermentation  seems  to  favor  the  conversion  of  that 
starch  into  sugar.  In  some  German  distilleries  a  little  chalk  is  mixed  with  the  worls,  to 
check  acidity. 

3.  The  fermentation. 

The  yeast  added  to  the  worts  as  a  ferment,  ought  to  be  the  best  top  barm  of  the 
London  porter  breweries.  About  1  gallon  of  it  is  requisite  for  every  2  bushels  of  meal 
and  malt  worked  up  in  the  mashing  process  ;  and  of  this  quantity  only  a  certain  propor- 
tion is  introduced  at  the  beginning;  the  remainder  being  added  by  degrees,  on  the  second 
and  third  days. 

Should  the  fermentation  flag,  a  little  more  may  be  added  on  the  fourth  or  fifth  day, 
and  the  contents  of  the  tun  may  be  roused  by  an  agitator.  About  8  or  9  gallons  mav  be 
introduced  four  days  in  succession  to  the  quantity  of  worts  extracted  from  60  bushels  of 
the  farinaceous  materials ;  or  the  third  day's  dose  may  be  intermitted,  and  joined  to  the 
fourth  on  the  subsequent  day. 
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Great  diversity  and  no  little  caprice  prevail  among  distillers  in  respect  of  the  periods  of 
administering  the  yeast ;  but  they  should  be  governed  very  much  by  the  appearance  of 
the  fermentation.  This  process  continues  from  nine  to  twelve  or  even  fourteen  days, 
according  to  circumstances  ;  the  tuns  being  left  quite  open  during  the  first  five  days,  but 
being  covered  moderately  close  afterwards  to  favour  the  full  impregnation  of  the  liquor 
with  carbonic  acid,  as  a  fermenting  agent.  In  consequence  of  the  great  attenuation  of 
the  wort  by  the  generation  of  so  much  alcohol,  no  good  body  of  yeast  continues  to  float 
on  the  surface,  and  what  is  formed  is  beat  down  into  the  liquor  on  purpose  to  promote 
the  fermentation.  The  temperature  of  the  wash  gradually  increases  till  towards  the  end 
of  the  fourth  day,  when  it  attains  its  maximum  height  of  about  25°  above  the  pitch  of 
55°  or  60°  at  which  it  may  have  been  set.  The  time  of  the  greatest  elevation  of  tem- 
perature, as  well  as  its  amount,  depends  conjointly  upon  the  quality  of  the  yeast,  the 
nature  of  the  saccharo-starchy  matter,  and  the  state  of  the  weather.  It  is  highly  pro- 
bable that  the  electrical  condition  of  the  atmosphere  exercises  a  considerable  influence 
upon  fermentation.  We  know  the  power  of  a  thunder-storm  to  sour  vinous  fluids.  An 
experimental  inquiry  into  the  relation  between  electricity  and  fermentation,  could  not  fail 
to  prove  both  curious  and  profitable. 

The  dimunition  of  the  density  of  the  wort  is  carefully  watched  by  the  distiller,  as  the 
true  criterion  of  the  success  of  his  process.  This  attenuation,  as  he  calls  it,  is  owing 
partly  to  the  decomposition  of  the  sugar,  which  communicated  its  gravity  to  the  solution, 
and  partly  to  the  introduction  of  the  lighter  alcoholic  particles.  Were  all  the  saccharo- 
starchy  matter  resolved  into  gaseous  compounds,  the  wort  would  become  water ;  but  since 
a  part  of  it  remains  undecomposed,  and  a  portion  of  alcohol  is  produced  at  the  expense 
of  the  decomposed  part,  the  degree  of  attenuation  becomes  a  somewhat  complicated  pro- 
blem in  a  theoretical  point  of  vicAv  ;  the  density  due  to  the  residuary  sugar  being  masked 
and  counteracted  by  the  spirit  evolved.  Could  the  alcohol  be  drawn  off"  as  it  is  formed, 
the  attenuation  would  probably  become  greater,  because  the  alcohol  checks  the  fermenta- 
tive action,  and  eventually  stops  it,  before  all  the  saccharum  is  decomposed.  After  the 
wash  has  taken  its  highest  degree  of  temperature,  not  much  more  spirit  is  found  to  be 
generated ;  were  this  therefore  removed  by  proper  means,  the  remaining  vegetable  mat- 
ter would  undoubtedly  yield  a  further  product  of  alcohol. 

In  the  attenuation  of  raw-grain  wash,  the  specific  gravity  seldom  arrives  at  1-000  ;  but 
most  commonly  stops  short  at  1*002  or  ]'004.  When  the  vinous  fermentation  comes  to 
an  end,  the  acetous  is  apt  to  commence,  and  to  convert  a  portion  of  the  alcohol  into  vin- 
egar ;  a  result  which  is  easily  ascertained  by  the  increasing  specific  gravity,  sour  smell, 
and  acidulous  reaction  of  the  wash  upon  litmus  paper,  which  remains  after  the  paper  is 
heated,  showing  that  the  red  color  is  not  caused  by  carbonic  acid. 

Fermentation  proceeds  with  more  uniformity  and  success  in  the  large  tuns  of  the  dis- 
tiller, than  in  the  experimental  apparatus  of  the  chemist ;  because  the  body  of  heat 
eenerated  in  the  former  case  maintains  the  action.  But  I  have  succeeded  in  obviating 
this  inconvenience  in  operating  upon  80  or  90  gallons,  by  keeping  up  the  temperature, 
when  it  begins  to  flag,  by  transmitting  hot  water  through  a  recurved  pipe  plunged  into 
the  tun. 

We  have  already  mentioned  that  one  gallon  of  spirits,  one  in  ten  over-proof,  is  upon 
the  average  generated  from  11'04  lbs.  of  starch  sugar;  hence  we  conclude  that  one 
pound  water-measure  of  spirits  at  proof  (=  t  imperial  gallon)  is  produced  from  one  pound 
of  the  saccharum. 

Malt  whiskey. — The  treatment  and  produce  of  malt  distilleries  are  in  some  respects 
difl'erent  from  those  of  raw  grain.  Having  been  professionally  employed  by  the 
proprietors  of  both,  I  am  prepared  to  state  the  peculiarities  of  the  latter,  by  an 
example.  500  bushels  of  ground  malt  are  first  mashed  with  9000  gallons  of  water, 
heated  to  the  temperature  of  160°  F. :  6000  gallons  of  worts  are  drawn  off"  into  the 
coolers,  and  let  down  into  the  fermenting  tun  at  68°.  From  3  to  4  per  cent,  of  a 
mixture  of  London  porter  yeast  with  quick  Scotch  barm  are  added,  and  well  stirred 
through  the  mass.  At  the  end  of  two  or  three  days,  in  general,  the  fermentation  is 
finished.  On  the  residuary  grains  of  the  malt,  from  4500  to  5000  gallons  of  water  at 
180°  are  run,  which  after  proper  mashing  as  before,  are  drawn  off";  then  4500  more  are 
poured  on,  the  drainage  of  which  is  added  to  the  second.  Both  of  these  together,  con- 
stituting 9000  gallons,  are  heated  next  day,  and  employed  for  the  mashing  of  500  bushels 
of  fresh  malt.  During  the  fermentation,  the  wash  which  was  set  at  the  spec.  grav.  1"066, 
comes  down  to  water  =  1*000. 

The  wash  is  distilled  in  two  stills,  appropriated  to  it,  of  about  800  gallons  capacity 
each,  provided  with  a  rotatory  chain  apparatus  for  preventing  the  lees  from  adhering  to 
the  bottom  of  the  still.  Into  about  800  gallons  of  wash  8  lbs.  of  soap  are  put.  The 
liquor  obtained  at  this  first  distillation  is  called  low  wines.  These  low  wines  are  redis- 
tilled in  the  spirit  stills  ;  the  first  and  last  portions  of  liquid  being  more  or  less  blue  or 
milky  in  color,  and  rank  in  flavor,  are  run  into  a  separate  receiver  called  the  faints-back; 
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while  the  middle  portion,  constitutino;  in  a  well-managed  distillery,  Irom  three  fourths  to 
four  fifths  of  the  whole,  are  received  into  the  spirit-back.  The  faints  are  mixed  with  a  large 
quantity  of  water,  and  redistilled,  in  order  to  free  them  from  the  fetid  oil  derived  from 
the  husks  of  the  graia.  The  interception  of  this  noxious  oil  may  be  best  effected  by  a 
self-regulating  bath,  between  the  capital  of  the  still  and  the  refrigeratory,  as  will  be 
explained  in  treating  of  Stills.  The  capitals  of  the  common  Scotch  stills  are  made  from 
15  to  20  feet  high,  in  order  to  prevent  the  chance  of  the  wash  boiling  over  into  the 
worm;  and  they  are,  towards  the  beginning  of  the  process,  struck  from  time  to  time 
with  a  rod,  and  by  the  sound  emitted  it  is  known  whether  they  be  empty,  partially 
filled,  or  in  danger  of  an  overflow ;  in  which  case  the  fire  is  damped,  by  a  spout 
near  the  furnace  door,  connected  by  a  leather  pipe  with  an  elevated  reservoir  of  water. 
When  very  pure  spirits  are  wished  for,  a  third  or  even  a  fourth  distillation  is  had  recourse 
to ;  there  being  a  quantity  of  water  mixed  each  time  with  the  spirit  in  the  still,  to  pre- 
vent its  acquiring  a  harsh  alcoholic  flavor. 

According  to  some  experienced  distillers  from  raw  grain,  the  mashing  temperature  of 
the  first  liquor  should  not  exceed  140*^  F. ;  Avhereas  with  malt  it  may  be  safely  and 
beneficially  165°  or  170^.  When  rye  is  used  instead  of  malt,  90  bushels  of  it  are  mixed 
with  190  bushels  of  raw  grain,  constituting  280  bushels  in  whole,  for  the  mashing  of 
which  5200  gallons  of  water  are  required.  An  hour  and  a  half  more  time  is  necessary 
for  settling  the  mashing  of  the  above  mixture,  than  of  grain  alone.  Gin  is  made  in  this 
way. 

The  distiller  of  malt  whiskey  calculates  on  obtaining  two  gallons  of  proof  spirits  from 
one  bushel  of  malt,  in  average  years.  The  highest  yield  is  20  gallons  per  quarter  of  8 
bushels  ;  and  the  lowest  is  16,  when  the  malt  and  fermentation  are  indifferent.  The  best 
temperature  to  set  the  fermenting  tun  with  malt  wash  is  about  70°  or  72°  F. 

When  malt  is  5s.  the  bushel,  6  bushels  at  30i-.  will  yield  12  gallons  of  proof  spirits. 
These  cost  therefore  2s.  6d.  per  gallon  for  the  malt;  to  which  must  be  added  3d.  per 
bushel  for  the  amount  of  malt  duty  not  returned,  or  Ihd.  on  the  gallon  ;  this  added  to  the 
Scotch  duty  of  3*.  4d.  the  gallon,  makes  the  price  altogether  5s.  llgii. ;  besides  the  ex- 
penses in  fuel,  yeast,  labor,  and  rent,  which  may  be  estimated  at  85'/.  per  gallon.  ButSrf. 
may  be  deducted  for  what  is  paid  by  the  dairymen  for  the  spent  wash  and  grains.  The 
total  cost,  therefore,  exclusive  of  use  of  capital,  is  6s.  5d.  per  gallon  in  Scotland. 

The  following  is  the  work  of  a  Scotch  distillery,  where  good  malt  whiskey  was 
made. 

One  bushel  of  the  malt  weighed  35  lbs.,  or  the  boll,  =  6  bushels,  210  lbs.  In  mashing 
each  boll  of  malt,  110  gallons  of  water  were  run  on  it  at  160°  F.  As  soon  as  the  fer- 
menting tun  of  3000  gallons  capacity  was  charged  with  the  wash  at  from  64°  to  74°  F.,  2 
gallons  per  cent,  of  barm  were  added.  When  the  wash  had  become  attenuated  from 
1-060  to  1-040,  another  gallon  of  barm  was  introduced. 

The  temperature  of  the  fermenting  wash  sometimes  rises  to  96°,  which  is,  however, 
an  extreme  case,  and  not  desirable.  When  the  bubbles  of  carbonic  acid  mount  in  rapid 
succession,  it  is  reckoned  an  excellent  sign.  If  the  tun  be  small,  and  stand  in  a  cool 
apartment,  it  should  be  started  at  a  higher  temperature  than  in  the  reverse  predicament. 
Should  the  fermentation  be  suffered  to  flas,  it  is  in  general  a  hopeless  task  to  restore 
vigorous  action.  Some  try  the  addition  of  bitbs,  that  is,  of  some  wort  brought  into  a  state 
of  rapid  fermentation  in  a  tub,  by  a  large  proportion  of  yeast,  but  seldom  with  much 
success.  Indeed,  the  law  prohibits  the  addition  of  any  wort  to  the  tun  at  a  later  period 
than  24  hours  after  it  is  set;  so  that  if  bubs  are  used  afterwards,  the  distiller  is  apt  to 
incur  a  penalty. 

The  maximum  quantity  of  proof  spirits  obtained  on  the  great  scale  at  any  time  from 
raw  grain  mbced  with  from  one  fourth  to  one  eighth  of  malt,  seems  to  be  22  gallons  per 
quarter. 

By  the  British  laws  a  distiller  is  not  allowed  to  brew  and  distil  at  the  same  time ; 
but  he  must  work  alternately,  one  week,  for  instance,  at  fermentation,  and  next  week  at 
distillation. 

In  fermenting  solutions  of  sugar  mixed  with  good  yeast,  the  attenuation  has  been 
carried  down  to  0-984,  and  even  0*982,  that  is,  in  the  language  of  the  excise,  16  and  18  de- 
grees below  water,  from  1*060,  the  density  at  which  it  was  originally  set  in  the  tun.  This 
was  excellent  work  done  on  the  scale  of  a  great  distillery  nearly  30  years  ago,  when  dis- 
tillation from  sugar  was  encouraged,  in  consequence  of  bad  corn  harvests. 

In  an  experiment  which  I  made  in  1831,  for  the  information  of  a  committee  of  the 
House  of  Commons,  on  the  use  of  molasses  in  the  breweries  and  distilleries,  I  dissolved 
1  cwt.  of  raw  sugar  in  water,  so  as  to  form  74^  gallons,  inclusive  of  2  gallons  of  yeast. 
The  specific  gravity  of  the  mixture  Avas  1*0593  on  the  31st  of  March.  By  the  6th  of 
April,  that  is,  in  6  days,  the  gravity  had  sunk  to  0-992,  or  8  degrees  under  water,  which 
was  reckoned  a  good  attenuation,  considering  the  circumstances  and  the  small  quantity 
operated  upon.  By  distillation  it  afforded  at  the  rate  of  14*875  gallons  of  proof  spirits 
for  100  gallons  of  the  wash. 
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When  the  distillers  first  worked  from  sugar,  they  only  obtained  upon  an  average  from 
1  cwt.  10-09  gallons  imp.  of  proof  spirit;  but  they  afterwards  got  no  less  than  11'92 
imp.  gallons. 

The  following  experiment,  which  I  made  upon  the  fermentation  of  West  India  molasses 
into  spirits,  for  the  information  of  the  said  committee,  may  prove  not  uninteresting  to 
my  readers.  150  lbs.  were  dissolved  in  water  and  mixed  with  2  gallons  of  yeast, 
weighing  exactly  20  lbs.  The  wash  measured  70  gallons,  and  had  a  spec,  gravity  of 
1-0647  at  60°  F.  In  two  days  the  gravity  had  fallen  to  1-0055 ;  in  three  days  to 
1-0022;  and  in  iive  days  to  1-001.  The  temperature  was  kept  up  at  from  80"  to  90"'  F., 
during  the  last  two  days,  by  means  of  a  steam  pipe,  to  favor  the  fermentation.  The 
product  of  spirits  was  11  gallons,  and  J-5_  of  a  gallon.  Now  150  lbs.  of  the  above 
molasses  were  found  to  contain  of  solid  matter,  chiefly  uncrystallizable,  112  lbs.  And  as 
112  lbs.  of  sugar  are  estimated  by  the  revenue  laws  to  afford  by  fermentation  11^  gallons 
imp.  of  proof  spirit,  the  result  of  that  experiment  upon  molasses  must  be  considered 
satisfactory,  bearing  in  mind  that  the  saccharine  substance  in  molasses  has  been  not  only 
partially  decomposed  by  heat,  but  is  mixed  with  some  of  the  glutinous  or  extractive  mattei 
of  the  cane. 

Since  the  alteration  of  the  excise  laws  relative  to  distillation  in  1825  and  1826,  when 
permission  was  given  to  set  the  wort  at  lower  gravities,  the  quantity  of  spirits  produced 
from  1  quarter  of  corn  has  been  much  increased,  even  up  to  fully  20  gallons ;  and  the 
proportion  of  malt  has  been  much  diminished.  The  latter  was  soon  reduced  from  three 
sevenths  malt,  and  four  sevenths  barley,  or  two  fifths  malt  and  three  fifths  barley,  to  one 
fifth  of  malt  and  now  to  one  tenth  or  even  one  sixteenth. 

A  discussion  having  lately  taken  place  in  Ireland  between  certain  persons  connected 
with  the  distilleries  and  the  officers  of  the  excise,  whether,  and  to  what  extent,  raw 
grain  worts  would  pass  spontaneously  into  the  vinous  fermentation,  the  Board  in  London 
requested  me  to  superintend  a  series  of  researches  in  a  laboratory  fitted  up  at  their  office, 
to  settle  this  important  point.  I  shall  content  myself  here  with  giving  the  result  of  one 
experiment,  out  of  several,  which  seems  to  me  quite  decisive.  Three  bushels  of  mixed 
grains  were  taken,  consisting  of  two  of  barley,  one  half  of  oats,  and  one  half  of  malt, 
which,  being  coarsely  ground  by  a  hand-mill,  were  mashed  in  a  new  tun  with  24  gallons 
of  water  at  155°.  The  mash  liquor  drawn  off  amounted  to  18  gallons,  at  the  density  of 
1-0465  ;  and  temperature  of  82°  F.  Being  set  in  a  new  tun,  it  began  to  ferment  in  the 
course  of  12  hours,  and  in  4  days  it  was  attenuated  down  to  gravity  1-012.  This  yielded, 
upon  distillation  in  low  wines,  3-22  gallons,  and  by  rectification,  in  spirits,  3-05  ;  while 
the  quantity  equivalent  to  the  attenuation  by  the  tables  was  3-31,  being  an  excellent 
accordance  in  such  circumstances. 

The  inquisitorial  regime  imposed  by  law  upon  our  distilleries,  might  lead  a  stranger 
to  imagine  that  our  legislators  were  desirous  of  repressing  by  every  species  of  annoyance 
the  fabrication  of  the  fiery  liquid  which  infuriates  and  demoralizes  the  lower  population 
of  these  islands.  But  alas !  credit  can  be  given  them  for  no  such  moral  or  philanthropic 
motive.  The  necessity  of  the  exchequer  to  raise  a  great  revenue,  created  by  the  wasteful 
expenditure  of  the  state,  on  the  one  hand,  and  the  efforts  of  fraudulent  ingenuity  on  the 
other,  to  evade  the  payment  of  the  high  duties  imposed,  are  the  true  origin  of  that  regime. 
Examinations  in  distilleries  are  constantly  making  by  the  officers  of  excise.  There  is  a 
survey  at  6  o'clock  in  the  morning,  when  the  officers  take  their  accounts  and  gauges, 
and  make  calculations  which  occupy  several  hours.  At  10  o'clock  they  again  survey, 
going  over  the  whole  premises,  where  they  continue  a  considerable  time,  frequently  till 
the  succeeding  officer  comes  on  duty;  at  2  in  the  afternoon  another  survey  takes  place, 
but  not  by  the  same  people ;  at  6  in  the  evening  the  survey  is  repeated ;  at  10  there 
comes  another  survey  by  an  officer  who  had  not  been  engaged  in  any  of  the  previous 
surveys  of  that  day.  He  is  not  relieved  till  6  o'clock  next  morning.  In  addition  to  these 
regular  inspections,  the  distilleries  are  subject  to  frequent  and  uncertain  visits  of  the 
surveyor  and  general  surveyor,  "  We  are  never,"  says  Mr,  Smith,  the  eminent  distiller 
of  Whitechapel,  "out  of  their  hands,"*  \ 

Before  the  fermented  wort  goes  into  the  still,  a  calculation  is  made  of  the  quantity 
of  wash  diawn  from  the  wash  back,  and  which  is  first  pumped  into  what  is  called  the 
wash  charger.  If  the  quantity  in  the  wash  charger  exceeds  the  quantity  in  the  wash 
back,  the  distiller  is  charged  upon  the  higher  quantity;  if  it  contains  less,  he  must  pay 
according  to  the  wash  back,  as  being  the  larger  quantity.  When  the  quantity  of  wash  is 
all  transferred  to  the  charger,  the  discharge  cock  of  the  wash  char£;er  is  unlocked,  and 
the  wash  is  allowed  to  be  drawn  off  from  the  charger  into  the  still,  the  charging  and 
discharging  cock  of  the  still  being  locked  by  the  officer.  There  can  be  no  transfer  of 
wash  but  through  the  pumps,  which  are  locked  also.  The  first  distillation  from  the 
wash  is  worked  into  the  low-wine  receiver,  which  is  also  a  locked  up  vessel;  then  of 

*  Report  of  Committee  on  Molasses,  2198. 
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those  low  wines,  the  strength  and  quantity  are  ascertained  by  the  excise.  The  account 
of  them  afl'ords  a  comparison  with  the  quantity  which  the  contents  of  the  wash-back  had 
been  estimated  to  produce ;  they  are  then  pumped  from  the  low  wine  receiver,  through 
pumps  previously  locked  into  the  low  wine  charger,  which  is  also  a  locked  up  vessel; 
from  the  locked  up  charger,  after  the  officer  has  done  his  duty  regarding  it,  they  are  allow- 
ed to  be  drawn  ofl'  into  the  low  wine  still,  which  is  a  distillation  of  the  second  extraction ; 
then  that  low  wine  still  works  into  another  locked  up  cask,  called  the  spirit  receiver,  for 
the  receiving  of  raw  spirits  ;  when  that  distillation  is  finished,  the  officer,  attending  again 
on  regular  notice  for  that  purpose,  takes  the  quantity  and  strength  of  the  spirits  therein, 
and  upon  the  quantity  so  ascertained  he  charges  the  duty.  In  distilling  low  wines,  one 
portion  of  them  goes  into  the  spirit  receiver,  and  a  portion  into  what  is  called  the  faint 
receiver,  which  is  another  locked  up  vessel.  These  faints  are  in  the  next  distillation 
united  with  the  low  wines,  from  the  succeeding  wash-back  on  their  second  distillation, 
and  are  worked  together;  the  united  produce  of  these  goes  partly  into  the  spirit  cask, 
and  partly  back  again  into  the  faint  cask.  The  operation  is  thus  continued  till  all  the 
backs  in  ihe  house  are  emptied.* 

There  is  a  kind  of  ardent  spirits  manufactured  in  Holland,  vulgarly  called  Dutch  gin, 
Hollands,  and  sometimes  geneva,  from  genievre,  the  French  for  juniper,  a  plant  with  the 
essential  oil  of  whose  berries  it  is  flavored.  One  cwt.  of  ground  malt  mixed  with  two 
cwts.  of  rye  meal  are  mashed  for  two  hours,  with  about  450  gallons  of  water  at  the  tem- 
perature of  leC  F.  The  mash  drawn  off  is  reduced  with  cold  water  till  the  liquid  part 
has  the  density  of  45  lbs.  per  barrel,  =  specific  gravity  1-047  ;  and  is  then  put  all  together 
into  the  fermenting  back  at  the  temperature  of  80°  F.  One  or  two  gallons  of  yeast  are 
added.  The  fermentation  soon  becomes  so  vigorous  as  to  raise  the  heal  to  90^  and  up- 
wards, but  it  is  not  pushed  far,  being  generally  over  in  two  days,  when  the  gravity  of  the 
wash  still  indicates  12  pounds  of  saccharum  per  barrel.  By  this  moderate  attenuation, 
like  that  practised  by  the  contraband  distillers  of  the  Highlands  of  Scotland,  it  is  supposed 
that  the  fetid  oil  of  the  husks  is  not  evolved,  or  at  least  in  very  small  quantity.  The 
grains  are  put  into  the  alembic  along  with  the  liquid  wash,  and  distilled  into  low  wines, 
which  are  rectified  twice  over,  some  juniper  berries  and  hops  being  added  at  the  last  dis- 
tillation.  But  the  junipers  are  sometimes  bruised  and  put  into  the  mash.  The  produce 
of  worts  so  imperfectly  fermented,  is  probably  little  more  than  one  half  of  what  the 
British  distiller  draws  from  the  same  quantify  of  grain.  But  the  cheapness  of  labor  and 
of  grain,  as  well  as  the  superior  flavor  of  the  Skiedam  spirits,  enables  the  Dutch  distiller 
to  carry  on  his  business  with  a  respectable  profit.  In  opposition  to  the  above  facts,  Du- 
brunfaut  says  that  about  one  third  more  spirits  is  obtained  in  Holland  from  grain  than  in 
France,  because  a  very  calcareous  spring  water  is  employed  in  the  mashing  operation. 
Were  this  account  well  founded,  all  tliat  the  distillers  of  other  countries  would  have  to  do 
would  be  merely  to  introduce  a  portion  of  chalk  into  their  mash  tuns,  in  order  to  be  on  a 
par  with  the  Dutch.     But  the  statement  is  altogether  a  mistake. 

In  the  vine  countries,  the  inferior  wines  or  those  damaged  by  keeping,  as  also  a  fer- 
mented mash  of  the  pressed  grapes,  mixed  with  water,  are  distilled  to  form  the  eau  de  vie 
de  Cognac  of  the  French,  called  Brandy  in  this  country.  It  contains  less  essential  oil, 
and  that  of  a  more  agreeable  flavor,  than  corn  spirits.     See  Brandy. 

Berzelius  says  that  there  are  distillers  who  are  guilty  of  putting  a  little  arsenious  acid 
into  the  still;  that  the  spirits  contain  pretty  frequently  traces  of  arsenic,  which  may  be 
detected  by  adding  to  them  a  little  muriatic  acid,  then  evaporating  otf  the  alcohol,  and 
passing  a  current  of  sulphureted  hydrogen  gas  nirough  the  residuary  liquid,  which  will 
give  it  the  characteristic  orpiment  yellow  tinge,  arsenic  being  present.  Copper,  which  is 
sometimes  introduced  into  distilled  grain,  or  even  malt  spirits,  in  consequence  of  the  soap 
employed  in  the  process  of  distillation,  may  be  deteclr/)  best  by  the  brown  precipitate  which 
it  occasions  with  ferroprussiate  of  potash.     No  arsi«  c  is  ever  used  in  this  country. 

When  damaged  grain  has  been  mashed  in  makin?  whiskey,  a  peculiar  oily  substance 
makes  its  appearance  in  it.  On  approaching  the  nostrils  to  such  whiskey  slightly  heated, 
this  volatile  matter  irritates  the  pituitary  membrane  and  the  eyes  very  powerfully.  These 
spirits  have  exactly  the  smell  of  an  alcoholic  solution  of  cyanogene;  they  intoxicate  more 
powerfully  than  pure  alcohol  of  equal  strength,  and  produce  even  temporary  phrensy, 
with  subsequent  sickness  and  disordered  functions.  This  volatile  body  is  not  cyanogene, 
though  it  be  so  like  it,  for  it  forms  no  such  combinations  as  cyanogene  does.  It  may  be 
extracted  from  diluted  alcohol  by  agitating  it  with  an  unctuous  oil,  and  then  distilling  the 
oil  along  with  water.  At  the  end  of  3  or  4  months,  this  volatile  matter  disappears  in  a 
great  measure,  even  when  the  spirits  impregnated  with  it  are  enclosed  in  well-corked 
bottles ;  obviously  from  its  undergoing  a  spontaneous  decomposition.  It  may  be  preserv- 
ed much  longer  in  the  state  of  a  watery  solution. 

When  acetic  ether  is  added  to  well  purified  or  clean  spirits,  such  as  the  distillers  call 

*  Thomas  Smith,  Esq.,  of  Whitechapel  Road,  in  Report  of  Molasses  Committee,  Part  II.  p.  149. 
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silent  whiskey,  it  gives  it  somewhat  of  the  flavor  of  brandy.  For  this  purpose,  also,  the 
spirits  are  rectified  from  bruised  prunes,  or  the  lees  of  the  cognac  distilleries,  whereby 
they  acquire  additional  flavor.  The  astringent  taste  of  old  brandy  is  imitated  by  the  in- 
troduction of  a  little  catechu  into  the  British  spirits.  Burned  sugar  is  employed  as  a 
colorin?  in  these  imitations. 

IV.  Of  making  whiskey  from  potatoes. — This  root,  in  certain  localities  where  it 
abounds  at  a  moderate  price,  is  an  excellent  material  for  fermenting  into  alcohol.  Whea 
sound,  it  possesses  from  20  to  25  per  cent,  of  solid  substance,  of  which  starch  consti- 
tutes at  least  three  fourths ;  hence  100  pounds  contain  from  16  to  22  pounds  of  starch 
susceptible  of  being  saccharified.  In  the  expressed  juice  there  is  a  small  quantity  of 
tartaric  acid. 

Previously  to  mashing,  potatoes  must  be  first  well  washed  in  a  horizontal  cylindrical 
cage  revolving  partially  in  a  trough  of  water,  as  will  be  described  in  treating  of  the 
manufacture  of  sugar  from  beet  root.  They  must  be  then  boiled  in  a  close  vessel  with 
steam,  provided  with  a  perforated  bottom  a  few  inches  above  the  real  one.  The  top  has 
an  opening  with  a  cover  fitted  tightly  to  it ;  through  that  the  potatoes  are  introduced ; 
and  immediately  above  the  false  bottom  there  is  a  similar  aperture  through  which  the 
boiled  potatoes  are  taken  out.  The  steam-pipe  enters  at  the  top,  runs  down  the 
side  a  little  way,  and  terminates  in  a  widened  mouth.  The  large  lids  are  secured  by 
cross  bars,  the  small  hole  by  folds  of  linen.  In  the  lower  valve  there  are  two  small  holes 
closed  with  pins,  for  inserting  a  wire  to  feel  whether  the  potatoes  be  sufficiently  boiled. 
If  so,  the  steam  is  immediately  stopped  ofl',  the  lower  lid  is  removed,  and  the  potatoes 

pulled  out  with  a  hook  into  a 
tub.  They  must  be  imme- 
diately made  into  a  homoge- 
neous paste  before  they  get 
cold.  Fig.  361  represents,  in 
plan,  or  horizontal  section,  the 
apparatus  used  in  France  for 
this  purpose,  a  b  are  two 
cylinders  covered  with  wire 
cloth,  but  open  at  the  ends; 
c  c  and  d  d  are  two  pieces  of 
wood  fixed  on  the  two  axes, 
in  the  form  of  two  cones,  with 
the  adjoining  surfaces  trun- 
cated ;  upon  which,  as  also 
upon  iron  rings  e  f,  of  the 
same  diameter,  made  fast  to 
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the  axes,  the  wire  cylinder  rests.  Of  the  two  wheels  g  h,  the  smaller  has  18,  the 
greater  has  21  teeth.  The  diameter  of  each  cylinder  is  14  inches,  the  length  18. 
Above  and  between  the  two  cylinders,  there  is  a  hopper  for  the  reception  of  the  boiled 
potaioes.  This  machine  triturates  1200  pounds  of  potatoes  per  hour.  Their  paste  must 
be  forthwith  mashed  with  some  ground  wheat  or  barley,  and  a  proportion  of  malt ;  then 
be  set  a  fermenting. 

As  in  the  above  mode  of  trituration,  the  potatoes  are  apt  to  cool  to  such  a  degree  as  to 
obstruct  their  ready  admixture  with  water,  it  is  better  to  make  them  into  a  paste  in  the 
vessel  in  which  they  are  steamed.  The  apparatus  contrived  by  Siemens  fully  answers 
this  end.  It  consists  essentially  of  a  tub  a,  represented  in  fig.  362,  in  section.  It  is 
cylindrical,  and  made  of  planks  from  3  to  4  inches  thick,  joined  firmly  and  steam-tight; 
the  upper  and  under  ends  being  well  secured  with  iron  hoops.  The  lower  part  is  about  2 
inches  more  in  diameter  than  the  upper.  About  a  foot  from  the  bottom,  in  a  circular 
groove,  a  cast  iron  partition  w,  or  disc  full  of  holes,  is  made  fast,  which  serves  the  pur- 
pose of  a  scarce,  the  apertures  being  an  inch  asunder ;  above,  from  |  to  J_  of  an  inch 
in  diameter,  and  below,  scooped  out  to  half  an  inch.  This  disc  is  half  an  inch  thick  in 
the  edges,  and  five  fourths  of  an  inch  in  the  middle. 

Through  the  female  screw  a  in  the  top  of  the  cylinder,  there  passes  the  screwed 
rod  b,  one  and  a  half  inclies  thick,  provided  at  top  with  a  strong  cross  bar  c  c,  for 
turning  it  round.  The  under  end  of  this  rod  has  a  square  piece  terminating  in  a  short 
screw,  upon  which  a  wrought  iron  cross  is  secured  by  means  of  a  screw  nut, 
so  as  to  stand  at  right  angles  to  the  rod.  This  cross  is  composed  of  two  distinct 
arms ;  of  which  one  of  them  is  mounted  on  the  upper  side  with  little  knives  an  inch 
and  a  half  long;  the  other,  upon  the  under  side,  with  a  wire  brush,  that  may  be  made 
to  rub  against  the  perforated  cast  iron  disc.  On  the  side  of  the  cylinder  at  e,  fig.  362, 
there  is  a  narrow  aperture  provided  with  a  bung  secured  by  a  cross  bar,  and  near  the 
bottom  at  h  there  is  another  like  it.  Both  openings  serve  for  taking  out  the 
residuary  matter.  Through  the  opening  e,  the  above  two  arms  are  introduced ;  and 
secured  to  the  square  of  the  rod  by  the  screw  nut.     In  the  top  there  is  an  opening,^©, 
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for  putting  in  the  potatoes  which  may  be  shut  in  the  same  way.  From  the  lid  there 
likewise  issues  a  lateral  tube  f,  which  terminates  in  a  tubful  of  water,  for  condensing 
the  waste  steam,  g  is  the  tube  connected  with  the  steam  boiler,  for  conducting  the  steam 
into  the  space  under  the  iron  disc  w. 

With  this  apparatus  the  potatoes  are  prepared  as  follows :  when  the  screw  rod  is  so 
fixed  that  the  cross  touches  the  disc,  the  cylinder  is  to  be  filled  with  washed  potatoes  to 
within  one  foot  of  the  top,  leaving  them  some  space  to  expand.  The  orifice  d  is  to  be 
then  closed,  and  the  steam  admitted.  When  the  potatoes  are  boiled  enough,  two  laborers 
lay  hold  of  the  lever  handles  c  c,  of  the  screw  rod  b,  and  turn  it  round  with  the  effect  of 
screwing  up  the  spiked  cross,  and  of  triturating  the  potatoes ;  an  operation  which  may 
be  still  more  effectually  done  by  screwing  it  down  again.  The  potato  paste  is  now  let 
off  by  the  plug  hole  h,  into  the  tub  l,  where  it  is  mLxed  with  about  30  per  cent,  of  boil- 
ing water,  and  one  thousandth  part  of  potash,  made  caustic  with  quicklime,  in  order  to 
dissolve  the  albuminous  matter  coagulated  by  the  heat,  and  give  complete  fluidity  to  the 
mass.  The  alkali  also  neutralizes  the  tartaric  acid  present.  The  mashed  matter  must 
now  be  mixed  with  the  crushed  malt  diffused  through  40  or  50  pounds  of  cold  water  for 
every  100  pounds  of  potatoes,  which  lowers  the  temperature  to  167°.  The  wort  must 
be  then  diligently  stirred  during  two  hours;  mixed  with  40  or  50  pounds  of  cold  water 
for  100  pounds  of  potatoes,  and,  when  reduced  to  the  temperature  of  77°,  put 
into  the  fermenting  tun  along  with  the  proper  quantity  (3  or  4  per  cent.)  of  yeast. 
As  potatoes  readily  pass  into  the  acetous  fermentation,  the  admixture  of  the  malt,  the 
mashing,  and  the  cooling  should  be  rapidly  performed,  while  the  utmost  cleanliness  must 
be  observed. 

The  fermentation  is  brisk,  probably  from  the  agency  of  the  albumen,  and  furnishes  a 
good  head  of  barm,  which  answers  well  for  the  bakers ;  100  pounds  of  potatoes  yield 
from  18  to  20  pounds  measure  of  spirits,  nine  elevenths  of  our  excise  proof;  or  about  16 
pounds  measure  of  proof,  =  about  If  gallons. 

It  has  been  observed  that  after  the  month  of  December  potatoes  begin  to  yield  a 
smaller  product  of  fermented  spirits;  and  when  they  have  once  sprouted  or  germinated, 
they  aflbid  very  little  indeed.  From  the  difficulty  of  keeping  and  transporting  potatoes, 
distillation  from  them,  even  though  our  laws  now  permit  it,  can  never  become  general  till 
some  plan  be  adopted  for  overcoming  these  disadvantages.  A  scheme  of  this  kind,  how- 
ever, has  been  successfully  practised  in  Vienna,  which  consists  in  subjecting  the  washed 
potatoes  to  strong  pressure  in  a  perforated  chest  by  a  hydraulic  or  screw  press,  whereby 
they  lose  about  three  fourths  of  their  weight,  and  may  then  be  readily  dried  into  a  white 
flour,  that  may  be  kept  for  several  years  without  injury,  and  transported  to  considerable 
distances  with  comparative  ease.  This  flour,  mixed  with  a  moderate  quantity  of  ground 
malt,  and  saccharified  by  mashing  with  water,  at  the  temperature  of  167°  F.,  becomes 
capable  of  affording  a  sweet  wort  convertible  by  fermentation  either  into  beer  or 
whiskey. 

Horse-chestnuts,  according  to  Hermstaedt,  are  an  eligible  material  for  producing  alco- 
hol, as  128  pounds  of  them  afford  100  pounds  of  meal;  which  100  pounds  yield,  by 
proper  treatment,  34  pounds  of  spirits,  containing  36  per  cent,  of  absolute  alcohol,  by 
Richter's  tables.  Barley  to  the  extent  of  10  pounds  per  100  should  be  ground  up  with 
them,  after  they  have  been  boiled  in  a  steam  apparatus,  not  only  for  the  purpose  of 
softening  them,  but  freeing  them  from  their  bitter  astringent  matter.  Acorns  Are  pro- 
ductive of  alcohol  by  similar  treatment. 

The  best  means  hitherto  discovered  for  depriving  bad  whiskey  of  its  nauseous  smell 
and  taste  is  to  pass  it  through  well  burned  and  coarsely  pulveiized  charcoal,  distributed 
as  follows  in  a  series  of  cylindrical  casks.  Each  vessel  must  have  a  double  bottom,  the 
false  one  being  perforated  with  conical  holes,  and  placed  a  few  inches  above  the  true. 
Upon  this  perforated  board  a  layer  of  chopped  clean  straw,  one  inch  thick,  is  laid  ;  and 
over  the  straw,  a  stratum  of  small  river  gravel,  the  size  of  large  peas.  This  is  to  be 
covered  with  a  pretty  thick  stratum  of  the  charcoal,  previously  freed  from  dirt  and  dust 
by  washing;  upon  which  a  piece  of  close  canvass  is  to  be  spread,  and  pressed  down  by 
a  thin  bed  of  river  sand.  The  cylinder  or  cask  should  be  filled  with  these  successive 
layers  to  within  two  inches  of  its  top,  and  it  is  then  to  be  closed  air-tight.  Immediately 
below  the  head,  a  round  orifice  is  pierced  in  the  side,  for  receiving  an  overflow  tube, 
which  is  either  screwed  rectangularly  to  another  elbow  pipe,  or  is  bent  (when  of  block 
tin)  so  as  to  enter  tight  into  an  orifice  beneath  the  false  bottom  of  the  second  cylinder  or 
cask.  In  this  way,  the  series  may  be  continued  to  any  desired  number  of  vessels ;  the 
last  discharging  the  purified  spirit  into  the  store-back.  The  foul  spirit  must  be  made  to 
flow  into  the  bottom  space  of  the  first  cylinder  down  through  a  pipe  in  communication 
with  a  charging-back  placed  upon  such  an  elevated  level  as  to  give  sufficient  pressure  to 
force  the  spirits  up  through  the  series  of  filters ;  the  supply-pipe  being  provided  with  a 
regulating  stop-cock.    The  spirit  may  be  filtered  downwards  through  sand  and  cloth  in 
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its  final  passage  to  the  receiver.     It  has  been  found,  with  very  crude  spirits,  that  eight 
successive  cylinders  were  required  to  deprive  them  entirely  of  the  rank  flavor. 

In  the  year  1831,  23,000,000  gallons  of  spirits  were  made  in  the  United  Kingdom, 
equivalent  to  the  consumption  of  1,500,000  quarters  of  grain,  and  for  that  year  and  the 
four  preceding  years,  there  were  imported  annually  2,000,000  of  quarters  of  foreign 
barley. 

In  1832,  20,778,521  gallons  paid  excise  duty. 
1834,23,397,806. 
1836,  27,137,000;  of  which  14,000,000  were  Irish. 

We  may  add  to  the  last  quantity,  3  millions  of  gallons  at  least  on  the  score  of  smug- 
gling, in  licensed  and  illicit  distilleries ;  making  30  millions  to  be  the  frightful  amount 
of  whiskey  consumed  by  the  British  people,  independent  of  other  intoxicating  liquors. 

DOCIMACY,  from'  the  Greek  Ao/fi/ia^w,  I  prove  {Docimasie,  Fr. ;  Prohierkumt, 
Germ.) ;  is  the  art  by  which  the  nature  and  proportions  of  an  ore  are  determined. 
This  analytical  examination  was  originally  conducted  in  the  dry  way,  the  metal  being 
extracted  from  its  mineralizers,  by  means  of  heat  and  certain  fluxes.  But  this  method 
was  eventually  found  to  be  insuflicient  and  even  fallacious,  especially  when  volatile 
metals  were  in  question,  or  when  the  fluxes  could  absorb  them.  The  latter  circum- 
stance became  a  very  serious  evil,  whenever  the  object  was  to  appreciate  an  ore  that  was 
to  be  worked  at  great  expense.  Bergmann  first  demonstrated,  in  an  elaborate  disser- 
tation, that  the  humid  analysis  was  much  to  be  preferred  ;  and  since  his  time  the  dry 
way  has  been  consecrated  chiefly  to  the  direction  of  metallurgic  operations,  or,  at 
least,  it  has  been  employed  merely  in  concert  with  the  humid,  in  trials  upon  the 
small  scale. 

After  discovering  an  ore  of  some  valuable  metal,  it  is  essential  to  ascertain  if  its 
quantity  and  state  of  combination  Avill  justify  an  adventurer  in  working  the  mine,  and 
smelting  its  products.  The  metal  is  rarely  found  in  a  condition  approaching  to  purity; 
it  is  often  disseminated  in  a  mineralizing  gangue  far  more  bulky  than  itself;  and  more 
frequently  still  it  is  combined  with  simple  non-metallic  substances,  such  as.  sulphur, 
carbon,  chlorine,  oxygen,  and  acids,  more  or  less  difficult  to  get  rid  of.  In  these 
compound  states  its  distinctive  characters  are  so  altered,  that  it  is  not  an  easy  task 
either  to  recognise  its  nature,  or  to  decide  if  it  can  be  smelted  with  advantage.  The 
assayer,  without  neglecting  any  of  the  external  characters  of  the  ore,  seeks  to  penetrate, 
so  to  speak,  into  its  interior ;  he  triturates  it  to  an  impalpable  powder,  and  then  subjects 
it  to  the  decomposing  action  of  powerful  chemical  reagents ;  sometimes'  with  the  aid  of 
alkalis  or  salts  appropriate  to  its  nature,  he  employs  the  dry  way  by  fire  alone ;  at 
others,  he  calls  in  the  solvent  power  of  acids  with  a  digesting  heat;  happy,  if  after  a 
series  of  labors,  long,  varied,  and  intricate,  he  shall  finally  succeed  in  separating  a 
notable  proportion  of  one  or  more  metals  either  in  a  pure  state,  or  in  a  form  of  com- 
bination such,  that  from  the  amount  of  this  known  compound,  he  can  infer,  with 
precision,  the  quantity  of  fine  metal,  and  thereby  the  probable  value  of  the  mine.  The 
blow-pipe,  skilfully  applied,  aflbrds  ready  indications  of  the  nature  of  the  metallic 
constituents,  and  is  therefore  usually  the  preliminary  test.  The  separation  of  the 
several  constituents  of  the  ore  can  be  effected,  however,  only  by  a  chemist,  who  joins 
to  the  most  extensive  knowledge  of  the  habitudes  of  mineral  substances,  much  expe- 
rience, sagacity,  and  precision,  in  the  conduct  of  analytical  operations.  Under  the 
individual  metals,  as  also  in  the  articles  Metallurgy,  Mines,  and  Ores,  I  have  endea- 
vored to  present  such  a  copious  and  correct  detail  of  docimastic  processes,  as  will 
serve  to  guide  the  intelligent  student  through  this  most  mysterious  labyrinth  of  nature 
and  art. 

DORNOCK  is  a  species  of  figured  linen  of  stout  fabric,  which  derives  its  name 
from  a  town  in  Scotland,  where  it  was  first  manufactured  for  table-cloths.  It  is  the 
most  simple  in  pattern  of  all  the  varieties  of  the  diaper  or  damask  style,  and  therefore 
the  goods  are  usually  of  coarse  quality  for  common  household  wear.  It  receives  the 
figure  by  reversing  the  flushing  of  the  warp  and  woof  at  certain  intervals,  so  as  to  form 
squares,  or  oblong  rectangles  upon  the  cloth.  The  most  simple  of  these  is  a  succession 
of  alternate  squares,  forming  an  imitation  of  a  checker  board  or  mosaic  work.  The 
coarsest  kinds  are  generally  woven  as  tweels  of  three  leaves,  where  every  thread  floats 
over  two,  and  is  intersected  by  the  third  in  succession.  Some  of  the  finer  are  tweels 
of  four  or  five  leaves,  but  few  of  more ;  for  the  six  and  seven  leaf  tweels  are  seldom  or 
never  used,  and  the  eight  leaf  tweel  is  confined  almost  exclusively  to  damask.  See 
Textile  Fabric 

DRAGON'S  BLOOD  {Sang  dracon,  Fr. ;  Drachenbluf,  Germ.)  is  a  resinous 
substance,  which  comes  to  us  sometimes  in  small  balls  of  the  size  of  a  pigeon's  egg, 
sometimes  in  rods,  like  the  finger,  and  sometimes  in  irregular  cakes.  Its  color,  in 
lump,  is  dark  brown  red ;  in  powder,  bright  red ;  friable ;  of  a  shining  fracture, 
sp.    grav.    1"196.      It  contains  a  little  benzoic  acid,  is  insoluble  in  water,  but  dissolves 
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readily  in  alcohol,  ether,  and  oils.  It  is  brought  from  the  East  Indies,  Africa,  Sout^ 
America,  as  the  produce  of  several  trees,  the  Draccena  Draco,  the  Pterocarpus  santalinus, 
the  Pterocarpus  Draco,  and  the  Calamus  Rotang. 

Dragon's  blood  is  used  chiefly  for  tlngeing  spirit  and  turpentine  varnishes,  for 
preparing  gold  lacker,  for  tooth  tinctures  and  powders,  for  staining  marble,  &c.  Accord- 
ing to  Herbenger,  it  consists  of  907  parts  of  red  resin,  2  of  fat  oil,  3  of  benzoic  acid, 
1*6  of  oxalate,  and  3-7  of  phosphate  of  lime. 

DRUGGET  is  a  coarse,  but  rather  slight,  woollen  fabric,  used  for  covering  carpets, 
and  as  an  article  of  clothing  by  females  of  the  poorer  classes.  It  is  now-a-days  nearly 
superseded  by  coarse  cotton  goods. 

DRYING  HOUSE.  An  apartment  fitted  up  in  a  peculiar  manner  for  drying  calicoes, 
and  other  textile  fabrics.  Mr.  Southworth,  of  Sharpies,  a  Lancashire  bleacher,  ob- 
tained a  patent,  in  1823,  for  the  following  ingenious  arrangement,  which  has  been 
since  generally  adopted,  with  certain  modifications,  in  most  of  our  extensive  bleaching 
and  printing  works.     Fig.  363  is  a  section  of  the  drying-house,  where  a  is  a  furnace  and 
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boiler  for  the  purpose  of  generating  steam  ;  it  is  furnished  with  a  salety  valve  in  the 
tube  b,  at  top,  and  from  this  tube  the  steam  main  c  passes  down  to  the  floor  of  the  base- 
ment story.  From  this  main,  a  series  of  steam-pipes,  as  d  d,  extend  over  the  surface 
of  the  floor,  and  from  them  heat  is  intended  to  be  diflused  for  the  purpose  of  warming  the 
drying-house. 

AhMig  the  middle  of  the  building  a  strong  beam  of  timber  e  e,  extends,  and  is  sup- 
ported by  cast-iron  pillars;  from  this  beam,  to  bearings  on  the  side  walls,  a  series  of  rails 
are  carried  in  a  cross  direction,  over  which  rails  the  wet  cloth  is  to  be  hung  in  folds,  and 
the  steam  or  evaporation  emitted  in  drying  is  allowed  to  escape  through  apertures  or  ven- 
tilators in  the  roof. 

The  mode  in  which  the  cloth  is  delivered  on  to  the  rails,  on  either  side  of  the  beam, 
•will  be  best  understood  by  reference  to  the  delivering  carriage,  which  is  shown,  with  its 
rollers  partly  in  section. 

The  wet  cloth  is  first  to  be  coiled  upon  a  roller,  and  then  placed  in  the  carriage,  as 
at  /,  with  its  pivots  bearing  upon  inclined  planes.  The  carriage  is  to  be  placed  at  the 
commencement  of  the  rails,  running  upon  the  middle  beam,  and  also  upon  the  side- 
bearings  or  railways  extending  along  the  side  walls  of  the  building,  parallel  to  and 
upon  a  level  with  the  same  beam.  It  is  made  to  travel  by  means  of  an  endless  band 
passing  over  two  riggers,  g  and  h,  in  fig.  363,  and  over  pulleys  and  a  band-wheel 
attached  to  the  carriage,  as  will  be  explained.  The  rigger  g,  which  moves  this  endless 
band,  is  actuated  by  bevel  gear,  seen  at  i,  which  is  put  in  motion  by  a  pinion  at  the  end 
of  a  revolving  shaft  leading  from  a  steam  engine. 

In  the  same  fig.,  k  k  is  the  endless  band  passing  over  a  pulley  under  the  band-wheel, 
and  over  the  pulley  n,  by  which  it  will  be  perceived  that  the  traversing  of  the  band,  as 
described,  would  cause  these  pulleys  and  wheels  to  revolve.  On  the  axle  of  the  band- 
wheel  m,  there  is  a  drum  against  which  the  roll  of  wet  cloth  /  presses,  and  as  this 
drum  revolves,  the  roll  of  wet  cloth  is,  by  its  friction,  made  to  turn  in  a  contrary  di- 
rection, and  to  deliver  oflf  the  cloth  on  to  the  periphery  of  the  drum,  whence  it 
passes  over  a  roller  and  descends  to  the  rails.     Upon  the  end  of  the  axle  of  the 
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band-wheel  m,  there  is  a  pinion  which  takes  into  the  teeth  of  the  large  wheel,  and  upon 
the  axle  of  this  large  wheel  there  is  a  pinion  that  actuates  the  intermediate  wheel,  which 
turns  another  toothed  wheel.  This  last-mentioned  toothed  wheel  takes  into  cogs  upon 
the  side  railway,  and  hence,  as  the  train  of  wheels  moves  round,  the  carriage  to  which 
the  wheels  are  attached  is  slowly  impelled  forward. 

As  soon  as  the  wheels  begin  to  move,  and  the  carriage  to  advance,  the  wet  cloth 
begins  to  uncoil,  and  to  pass  down  over  the  first  roller;  a  small  roller  attached  to  the 
carriage,  as  it  passes  over  the  rails  in  succession,  holds  the  cloth  against  each  rail  for  a 
short  space  of  time,  and  prevents  it  from  slipping,  by  which  means  the  cloth  descends 
in  folds  or  loops  between  the  rails,  and  is  thereby  made  to  hang  in  a  series  of  folds  or 
loops,  as  shown  in  the  figure. 

It  will  be  perceived  that  as  the  pivots  of  the  cloth  roller  /  bear  upon  inclined  planes, 
the  roller  will  continually  slide  down  as  the  cloth  diminishes  in  bulk,  keeping  in  con- 
tact with  the  drum,  and  delivering  the  cloth  from  the  roller  on  to  the  several  rails,  as 
described. 

In  order  to  stop  the  carriage  in  any  part  of  its  course,  or  to  adjust  any  of  the  folds  of 
the  cloth,  a  man  is  usually  placed  upon  the  platform  travelling  wiih  the  carriage,  over 
which  he  has  perfect  command.  This  apparatus  may  be  also  employed  for  taking  the 
cloth  when  dried  off  the  rails;  in  which  case  the  carriage  must  be  made  to  travel  back- 
wards, and  by  first  guiding  the  end  of  the  cloth  on  to  the  roller  /,  and  then  putting  the 
wheels  in  a  retrograde  motion,  the  cloth  will  be  progressively  coiled  upon  the  roller  /,  in 
a  similar  way  to  that  by  which  it  was  uncoiled. 

DUCTILITY  {Slreckbarkeit,  Germ.)  is  the  property  of  being  drawn  out  in  length 
without  breaking,  possessed  in  a  pre-eminent  degree  by  gold  and  silver,  as  also  by  many 
other  metals,  by  glass  in  the  liquid  state,  and  by  many  semifluid  resinous  and  gummy 
substances.  The  spider  and  the  silk -worm  exhibit  the  finest  natural  exercise  of  ductility 
upon  the  peculiar  viscid  secretions  from  which  they  spin  their  threads.  When  a  body 
can  be  readily  extended  in  all  directions  under  the  hammer,  it  is  said  to  be  malleable,  and 
when  into  fillets  under  the  rolling  press,  it  is  said  to  be  laminable. 

Table,  of  the  ductility  and  malleahilily  of  Metals. 


Metals  ductile  and 

Brittle  metals 

Metals  in  the  order 

Metals  in  the  order 

of 

malleable  in  alphabetical 

in 

of  their  wire-drawing 

their  laminable 

order. 

alphabetical  order. 

ductility. 

ductility. 

Cadmium. 

Antimony. 

Gold. 

Gold. 

Copper. 

Arsenic. 

Silver. 

Silver. 

Gold. 

Bismuth. 

Platinum. 

Copper. 

Iron. 

Cerium.  ? 

Iron. 

Tin. 

Iridium. 

Chromium. 

Copper. 

Platinum. 

Lead. 

Cobalt. 

Zinc. 

Lead. 

Magnesium. 

Columbium. 

Tin. 

Zinc. 

Mercury. 

Iridium. 

Lead. 

Iron. 

Nickel. 

Manganese. 

Nickel. 

Nickel. 

Osmium. 

Molybdenum. 

Palladium.  ? 

Palladium.  ? 

Palladium. 

Osmium. 

Cadmium.  ? 

Cadmium.  ? 

Platinum. 

Rhodium. 

Potassium. 

Tellurium. 

Silver. 

Titanium. 

Sodium. 

Tungsten. 

Tin. 

Uranium. 

Zinc. 

There  appears  to  be,  therefore,  a  real  difference  between  ductility  and  malleability ; 
for  the  metals  which  draw  into  the  finest  wire  are  not  those  which  afford  the  thinnest 
leaves  under  the  hammer  or  in  the  rolling  press.  Of  this  fact  iron  affords  a  sood  illus- 
tration. Among  the  metals  permanent  in  the  air,  17  are  ductile  and  16  are  brittle.  But 
the  most  ductile  cannot  be  wire-drawn  or  laminated  to  any  considerable  extent  without 
being  annealed  from  time  to  time  during  the  progress  of  the  extension,  or  rather  the 
sliding  of  the  particles  alongside  of  each  other,  so  as  to  loosen  their  lateral  cohesion. 

DUNGING,  in  calico-printing,  is  the  application  of  a  bath  of  cowdung,  diffused 
through  hot  water,  to  cotton  goods  in  a  particular  stage  of  the  manufacture.  Dunging 
and  scouring  are  commonly  alternated,  and  are  two  of  the  most  important  steps  in  the 
process.     The  operation  of  dunging  has  for  its  objects  : — 

1.  To  determine  the  entire  combination  of  the  aluminous  sub-salts  with  the  stuffs,  by 
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separating  almost  all  the  acetic  acid  which  was  not  volatilized  in  the  stove-drying  of  the 
mordant. 

2.  To  dissolve  and  carry  off  from  the  cloth  a  portion  of  the  thickening  matters. 

3.  To  separate  from  the  cloth  the  part  of  the  mordant  that  is  uncombined,  and  merely 
mixed  mechanically  with  the  gum  or  starch. 

4.  To  prevent,  by  the  peculiar  action  of  the  dung,  the  uncombined  mordant,  as  well  as 
the  acetic  acid  with  which  the  bath  is  apt  to  get  loaded,  from  affecting  the  blank  parts 
of  the  cloth,  or  being  injurious  to  the  mordant. 

The  aluminous  base  or  mordant  on  the  cloth,  more  or  less  neutralized  by  the  dunging, 
is  next  subjected  to  the  dash-wheel  or  fulling  mill,  where  by  the  stream  of  water  the 
remainder  of  the  thickening  and  other  impurities  are  washed  away. 

No  very  exact  analysis  has  been  made  of  cowdung.  Morin's,  which  is  the  most  recent 
and  elaborate,  is  as  follows  ; — 

Water 70-00 

Vegetable  fibre 24-08 

Green  resin  and  fat  acids  -        -         .        -       1-52 
Undecomposed  biliary  matter         -        -  0-60 

Peculiar  extractive  matter  (ftttfruZiTze)  -        -       1-60 
Albumen       ..-..-  0-40 

Biliary  resin  -  ....        -       1-80 

According  to  M.  Koechlin's  practical  knowledge  on  the  great  scale,  it  consists  of  a 
moist  fibrous  vegetable  substance,  which  is  animalized,  and  forms  about  one  tenth  of  its 
weight;  2.  of  albumen;  3.  of  animal  mucus;  4.  of  a  substance  similar  to  bile;  5.  of 
muriate  of  soda,  muriate  and  acetate  of  ammonia,  phosphate  of  lime  and  other  salts ;  6. 
of  benzoin  or  musk. 

Probably  the  hot  water  in  which  the  calico-printer  diffuses  the  dung  exerts  a  powerful 
solvent  action,  5nd  in  proportion  as  the  uncombined  mordant  floats  in  the  bath  it  is  pre- 
cipitated by  the  albumen,  the  animal  mucus,  and  the  ammoniacal  salts;  but  there  is  rea- 
son to  think  that  the  fibrous  matter  in  part  animalized  or  covered  with  animal  matter, 
plaj's  here  the  principal  part ;  for  the  great  affinity  of  this  substance  for  the  aluminous 
salts  is  well  known. 

All  practical  men  are  aware  that  the  affinity  of  cotton  for  alumina  is  increased  by 
its  combination  with  oil  or  animal  substances,  to  such  a  degree  as  to  take  it  from  the 
dung  bath ;  which  would  not  be  possible  without  this  combination.  It  would  therefore 
appear  that  the  princijial  function  of  dunging  is  to  hinder  the  imcombined  mordant, 
diffused  in  the  dung  bath,  from  attaching  itself  to  the  unmordanted  portion  of  the 
cloth,  as  already  observed  ;  for  if  we  merely  wished  to  abstract  the  thickening  stuffs,  or 
to  complete  by  the  removal  of  acetic  acid  the  combination  of  the  aluminous  base  with 
the  goods,  dung  would  not  be  required,  for  hot  water  would  suflice.  In  fact,  we  may 
observe,  that  in  such  cases  the  first  pieces  passed  through  the  boiler  are  fit  for  dyeing ; 
but  when  a  certain  number  have  been  passed  through,  the  mordant  now  dissolved  in  the 
water  is  attracted  to  the  white  portions  of  the  cloth,  while  the  free  acid  impoverishes 
the  mordanted  parts,  so  that  they  cannot  afford  good  dyes,  and  the  blank  spaces  are 
tarnished. 

The  cowdung  may  be  in  some  measure  replaced  by  bran,  but  not  with  perfect  success. 
The  former  both  answers  the  purpose  better  and  is  chfeaper.  The  bran  is  only  preferred 
for  the  most  delicate  yellows,  for  cochineal  pinks  and  lilachs,  to  Avhich  the  dung  may 
sometimes  impart  a  greenish  cast.  It  is  to  be  presumed  that  the  action  of  the  bran  in 
this  process  has  much  analogy  with  that  of  the  dung,  and  that  the  ligneous  fibre  is  the 
most  active  constituent;  with  which  the  gluten  and  mucilage  co-operate,  no  doubt,  in 
seizing  the  aluminous  salts. 

It  seems  to  be  ascertained  that  the  mordant  applied  to  the  cloth  does  not  combine  en- 
tirely with  it  during  the  drying;  that  this  combination  is  more  or  less  perfect  according 
to  the  strength  of  the  mordants,  and  the  circumstances  of  the  drying ;  that  the  operation 
of  dunging,  or  passing  through  hot  water,  completes  the  combination  of  the  cloth  with 
the  aluminous  base  now  insoluble  in  water ;  that  this  base  may  still  contain  a  very  mi- 
nute quantity  of  acetic  acid  or  sulphate  of  alumina;  that  a  long  ebullition  in  water 
impoverishes  the  mordant  but  a  little ;  and  that  even  then  the  liquid  does  not  contain  any 
perceptible  quantity  of  acetate  or  subsulphate  of  alumina. 

The  manner  of  immersing  the  goods,  or  passing  them  through  the  dung  bath,  is  an 
important  circumstance.  They  should  be  properly  extended  and  free  from  folds,  which 
is  secured  by  a  series  of  cylinders. 

The  cistern  is  from  10  to  12  feet  long,  41  feet  wide,  and  6  or  8  feet  deep.  The 
piece  passes  alternately  over  the  upper  rollers  and  under  rollers  near  the  bottom. 
There  are  two  main  squeezing  rollers  at  one  end,  which  draw  the  cloth  through  between 
Iheiu.     Whenever  the  goods  come  out  of  the  bath  they  are  put  into  the  dash-wheel. 
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The  immersion  should  take  place  as  fast  as  possible,  for  the  moment  the  hot  water  pene- 
trates the  mordanted  clolh,  the  acetic  acid  quits  it ;  and,  therefore,  if  the  immersion  was 
made  slowly  or  one  ply  after  another,  the  acid  as  well  as  the  uncombined  mordant  become 
free,  would  spread  their  influence,  and  would  have  time  to  dissolve  the  aluminous  sub- 
salts  now  combined  with  the  cloth ;  whence  inequalities  and  impoverishment  of  the  colors 
would  ensue. 

It  is  difficult  to  determine  the  number  of  pieces  which  may  be  passed  through  a  given 
quantity  of  dung  and  water.  This  depends  upon  the  state  of  the  mordants,  whether 
they  are  strong  or  acid,  and  on  the  quantity  of  the  surface  covered  with  the  figures. 
The  number  varies  usually  from  20  to  60  pieces,  for  from  240  to  300  gallons  of  water 
and  6  gallons  of  dung.  The  time  of  the  immersion  varies  with  the  concentration  of  the 
mordants,  and  the  nature  of  their  thickening.  The  temperature  must  be  regulated  by 
the  same  circumstances ;  for  starch  or  flour  paste  a  much  warmer  bath  is  needed  than 
for  gum.  The  heat  varies  usually  from  130°  to  212^  F.  When  the  printing  is  heavy 
and  the  thickening  is  starch  or  flour,  \he  goods  are  usually  twice  dunged,  with  two  wash- 
ings between  the  two  dungs.  A  strong  acid  mordant  is  more  difficult  to  dung  and  to 
wash  than  a  neutral  mordant,  especially  when  it  is  to  receive  the  madder  dye.  Some- 
times a  little  chalk  is  added  to  the  bath,  when  the  goods  have  been  padded  in  an  acid 
mordant.  Too  much  dung  is  injurious  to  weak  mordants,  as  well  as  to  pinks.  It  has 
also  been  remarked  that  a  mordant  when  neutralized  does  not  produce  as  brilliant  tints, 
especially  yellows.  The  latter  are  obtained  of  a  finer  shade  when,  instead  of  dunging, 
they  are  exposed  for  an  hour  in  a  stream  of  water,  provided  its  temperature  is  not  too 
low.  In  winter  they  are  passed  through  a  slightly  chalky  water,  then  washed  at  the 
wheel,  and  dyed  in  quercitron  or  weld. 

A  very  able  and  learned  memoir  upon  this  subject,  by  M.  Penot,  Professor  of  Chem- 
istry, appeared  in  the  Bulletin  of  the  Society  of  Mulhausen,  in  October,  1834,  with  an 
ingenious  commentary  upon  it,  under  the  title  of  a  Report  by  M.  Camilla  Koschlin,  in 
March,  1835. 

Experience  has  proved  that  dunging  is  one  of  the  most  important  steps  in  the  process 
of  calico  printing,  and  that  if  it  be  not  well  performed  the  dyeing  is  good  for  noticing. 
Before  we  can  assign  its  peculiar  function  to  the  dung  in  this  case,  we  must  know  its 
composition.  Fresh  cow's  dung  is  commonly  neutral  when  tested  by  litmus  paper;  but 
sometimes  it  is  slightly  alkaline,  owing,  probably,  to  some  peculiarity  in  the  food  of  the 
animal. 

The  total  constituents  of  100  parts  of  cow  dung  are  as  follows :  Water,  69*58 ;  bitter 
matter,  0*74  ;  sweet  substance,  0-93 ;  chlorophylle,  0*28  ;  albumine,  0-63  ;  muriate  of 
soda,  0-08;  sulphate  of  potash,  0-05  ;  sulphate  of  lime,  0-25  ;  carbonate  of  lime,  0-24; 
phosphate  of  lime,  0"46 ;  carbonate  of  iron,  009;  woody  fibre,  26-39 ;  silica,  0'14; 
loss,  0-14. 

In  dunging  calicoes  the  excess  of  uncombined  mordant  is  in  part  attracted  by  the 
soluble  matters  of  the  cow's  dung,  and  forms  an  insoluble  precipitate,  which  has  no 
affinity  for  the  cloth,  especially  in  presence  of  the  insoluble  part  of  the  dung,  which 
strongly  attracts  alumina.  The  most  important  part  which  that  insoluble  matter  plays, 
is  to  seize  the  excess  of  the  mordants,  in  proportion  as  they  are  dissolved  by  the  water 
of  the  bath,  and  thus  to  render  their  reaction  upon  the  cloth  impossible.  It  is  only  in 
the  deposite,  therefore,  that  the  matters  carried  off  from  the  cloth  by  the  dung  are  to 
be  found. 

M.  Camille  Kcschlin  ascribes  the  action  of  cow  dung  chiefly  to  its  albuminous  con- 
stituent, combining  with  the  alumina  and  iron,  of  the  acetates  of  these  bases  dissolved 
by  the  hot  water  of  the  bath.  The  acids  consequently  set  free,  soon  become  evident  by 
the  test  of  litmus  paper,  after  a  few  pieces  are  passed  through,  and  require  to  be  got  rid 
of  either  by  a  fiesh  bath  or  by  adding  chalk  to  the  old  one.  The  dung  thus  serves  also 
to  fix  the  bases  on  the  cloth,  when  used  in  moderation.  It  exercises  likewise  a  disoxyda- 
ting  power  on  the  iron  mordant,  and  restores  it  to  a  state  more  fit  to  combine  with  color- 
ing matter. 

DYEING,  (Teinture,  Fr. ;  Fdrberei,  Germ.)  is  the  art  of  impregnating  wool,  silk, 
cotton,  linen,  hair,  and  skins,  with  colors  not  removable  by  washing,  or  the  ordinary 
usage  to  which  these  fibrous  bodies  are  exposed  when  worked  up  into  articles  of  furniture 
or  raiment.  I  shall  here  consider  the  general  principles  of  the  art,  referring  for  the 
particular  dyes,  and  peculiar  treatment  of  the  stuflfe  to  be  dyed,  to  the  different  tinctorial 
substances  in  their  alphabetical  places;  such  as  cochineal,  indigo,  madder,  &c. 

Dyeing  is  altogether  a  chemical  process,  and  requires  for  its  due  explanation  and 
practice  an  acquaintance  with  the  properties  of  the  elementary  bodies,  and  the  laws 
which  regulate  their  combinations.  It  is  true  that  many  operations  of  this,  as  of  other 
chemical  arts,  have  been  practised  from  the  most  ancient  times,  long  before  any  just 
views  were  entertained  of  the  nature  of  the  changes  that  took  place.  "Mankind,  equally 
in  the  rudest  and  most  refined  state,  have  always  sought  to  gratify  the  love  of  distinction! 
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by  staining  their  dress,  sometimes  even  their  skin,  with  gaudy  colors.  Moses  speaks  of 
raiment  dyed  blue,  and  purple,  and  scarlet,  and  of  sheep  skins  dyed  red ;  circumstances 
which  indicate  no  small  degree  of  tinctorial  skill.  He  enjoins  purple  stuffs  for  the  works 
of  the  tabernacle  and  the  vestments  of  the  high  priest. 

In  the  article  Calico  Printing,  I  have  shown  from  Pliny  that  the  ancient  Egyptians 
cultivated  that  art  with  some  degree  of  scientific  precision,  since  Ihey  knew  the  use  of 
mordants,  or  those  substances  which,  thou2h  they  may  impart  no  color  themselves,  yet 
enable  white  robes  (Candida  vein)  to  absorb  coloring  drugs  (cohrem  sorbendibus  medi- 
camentis).  Tyre,  however,  was  the  nation  of  antiquity  which  made  dying  its  chief 
occupation  and  the  staple  of  its  commerce.  There  is  little  doubt  that  purple,  the  sacred 
symbol  of  royal  and  sacerdotal  dignity,  was  a  color  discovered  in  that  city,  and  that  it 
contributed  to  its  opulence  and  grandeur.  Homer  marks  no  less  the  value  than  the 
antiquity  of  this  dye,  by  describing  his  heroes  as  arrayed  in  purple  robes.  Purple  habits 
are  mentioned  among  the  presents  made  to  Gideon  by  the  Israelites  from  the  spoils  of  the 
kings  of  Midian. 

The  juice  employed  for  communicating  this  dye  was  obtained  from  two  different 
kinds  of  shell-fish,  described  by  Pliny  under  the  names  of  ^^ir/jwra  and  buccinum ;  and 
was  extracted  from  a  small  vessel,  or  sac,  in  their  throats,  to  the  amount  of  only  one 
drop  from  each  animal.  A  darker  and  inferior  color  was  also  procured  by  crushing  the 
whole  substance  of  the  buccinum.  A  certain  quantity  of  the  juice  collected  from  a  vast 
number  of  shells  being  treated  with  sea-salt  was  allowed  to  ripen  for  three  days ;  after 
which  it  was  diluted  with  five  times  its  bulk  of  water,  kept  at  a  moderate  heat  lor  six 
days  more,  occasionally  skimmed  to  separate  the  animal  membranes,  and  when  thus 
clarified  was  applied  directly  as  a  dye  to  white  wool,  previously  prepared  for  this  purpose 
by  the  action  of  lime-water,  or  of  a  species  of  lichen  called  fucus.  Two  operations  were 
requisite  to  communicate  the  finest  Tyrian  purple;  the  first  consisted  in  plunging  the 
wool  into  the  juice  of  the  purpura  :  the  second,  into  that  of  the  buccinum.  Fifty  drachms 
of  wool  required  one  hundred  of  the  former  liquor,  and  two  hundred  of  the  latter.  Some- 
times a  preliminary  tint  was  given  with  coccus,  the  kermes  of  the  present  day,  and  the 
cloth  received  merely  a  finish  from  the  precious  animal  juice.  The  colors,  though  prob- 
ably not  nearly  so  brilliant  as  those  producible  by  our  cochineal,  seem  to  have  been  very 
durable,  for  Plutarch  says,  in  his  Life  of  Alexander,  (chap.  36,)  that  the  Greeks  found 
in  the  treasury  of  the  King  of  Persia  a  large  quantity  of  purple  cloth,  which  was  as 
beautiful  as  at  first,  though  it  was  190  years  old.* 

The  ditiiculty  of  collecting  the  purple  juice,  and  the  tedious  complication  of  the  dyeing 
process,  made  the  purple  wool  of  Tyre  so  expensive  at  Rome,  that  in  the  time  of  Augus- 
tus a  pound  of  it  cost  nearly  30/.  of  our  money .f  Notwithstanding  this  enormous  price, 
such  was  the  wealth  accumulated  in  that  capital,  that  many  of  the  leading  citizens  deco- 
rated themselves  in  purple  attire,  till  the  emperors  arrogated  to  themselves  the  privilege 
of  wearing  purple,  and  prohibited  its  use  to  every  other  person.  This  prohibition  opera- 
ted so  much  to  discourage  this  curious  art  as  eventually  to  occasion  its  extinction,  first  in 
the  western  and  then  in  the  eastern  empire,  where,  however,  it  existed  in  certain  imperial 
manufacturies  till  the  eleventh  century. 

Dyeing  was  little  cultivated  in  ancient  Greece;  the  people  of  Athens  wore  generally 
wooliendresses  of  the  natural  color.  But  the  Romans  must  have  bestowed  some  pains 
upon  this  art.  In  the  games  of  the  circus  parties  were  distinguished  by  colors.  Four  of 
these  are  described  by  Pliny,  the  green,  the  orange,  the  gray,  and  the  white.  The  follow- 
ing ingredients  were  used  by  their  dyers.  A  crude  native  alum  mixed  with  copperas, 
copperas  itself,  blue  vitriol,  alkanet,  lichen  rocellus,  or  archil,  broom,  madder,  woad,  nut- 
galls,  the  seed  of  pomegranate,  and  of  an  Egyptian  acacia. 

Gage,  Cole,  Plumier,  Reaumur,  and  Duhamel  have  severally  made  researches  concern- 
ing the  coloring  juices  of  sheU-fish  caught  on  various  shores  of  the  ocean,  and  have  suc- 
ceeded in  forming  a  purple  dye,  but  they  found  it  much  inferior  to  that  furnished  by  other 
means.  The  juice  of  the  buccinum  is  at  first  white ;  it  becomes  by  exposure  to  air  of  a 
yellowish  green  bordering  on  blue;  it  afterwards  reddens,  and  finally  changes  to  a  deep 
purple  of  considerable  vivacity.  These  circumstances  coincide  with  the  minute  descrip- 
tion of  the  manner  of  catching  the  purple-dye  shell-fish  which  we  possess  in  the  work  of 
an  eye-witness,  Eudocia  Macrembolitissa,  daughter  of  the  Emperor  Constantine  VIII., 
who  lived  in  the  eleventh  century. 

The  moderns  have  obtained  from  the  New  World  several  dye-drugs  unknown  to  the 
ancients  ;  such  as  cochineal,  quercitron,  Brazil  wood,  logwood,  annatto  ;  and  they  have 

*  "Among  other  things,  there  was  purple  of  Hermione  (?)  to  the  amount  of  five  thousand  talents." 
(Plutarcli's  Lives,  translated  by  Laiighorne,  Wrangham's  edition,  vol.  v.  p.  240.)  Horace  celebrates  th» 
Laconiau  dye  in  the  following  lines  : — 

Ner  Laconicas  mihi 

Trahunt  honestse  purpuras  clients. 

(Carm.  lib.  ii.,  Ode  18.) 
I  Pliny  sayg  that  a  pound  of  the  double-dipped  Tyrian  purple  was  sold  in  Konie  for  u  hundred  crowns. 
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discovered  the  art  of  usin?  indigo  as  a  dye,  which  the  Romans  knew  only  as  a  pigmeat. 
But  the  vast  superioiity  of  our  dyes  over  those  of  former  times  must  be  ascribed  princi- 
pally to  the  employment  of  pure  alum  and  solution  of  tin  as  mordants,  either  alone  or 
mixed  with  other  bases;  substances  which  give  to  our  common  dye-stuffs  remarkable 
depth,  durability,  and  lustre.  Another  improvement  in  dyeing  of  more  recent  date  is  the 
application  to  textile  substances  of  metallic  compounds,  such  as  Prussian  blue,  chrome 
yellow,  mansanese  brown,  &c. 

Indigo,  the  innoxious  and  beautiful  product  of  an  interesting  tribe  of  tropical  plants, 
which  is  adapted  to  form  the  most  useful  and  substantial  of  all  dyes,  was  actually  denoun- 
ced as  a  dangerous  drug,  and  forbidden  to  be  used,  by  our  parliament  in  the  reign  of 
Queen  Elizabeth.  An  act  was  passed  authorizing  searchers  to  burn  both  it  and  log-wood 
in  every  dye-house  where  they  could  be  found.  This  act  remained  in  full  force  till  the 
time  of  Charles  IF. ;  that  is,  for  a  great  part  of  a  century.  A  foreigner  might  have  sup- 
posed that  the  legislators  of  England  entertained  such  an  affection  for  their  native  woad, 
with  which  their  naked  sires  used  to  dye  their  skins  in  the  old  times,  that  they  would 
allow  no  outlandish  drug  to  come  in  competition  with  it.  A  most  instructive  book  might 
be  written  illustrative  of  the  evils  inflicted  upon  arts,  manufactures,  and  commerce,  in 
consequence  of  the  ignorance  of  the  legislature.* 

Colors  are  not,  properly  speaking,  material ;  they  are  impressions  which  we  receive 
from  the  rays  of  light  reflected,  in  a  decomposed  state,  by  the  surfaces  of  bodies.  It  is 
well  known  that  a  white  sunbeam  consists  of  an  indeterminate  number  of  differently  col- 
ored rays,  which  being  separated  by  the  refractive  force  of  a  glass  prism,  form  the  solar 
spectrum,  an  image  distinguishable  into  seven  sorts  of  rays;  the  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  Hence,  when  an  opaque  body  appears  colored,  for  ex- 
ample, red,  we  say  that  it  reflects  the  red  rays  only,  or  in  greatest  abundance,  mixed  with 
more  or  less  of  the  white  beam,  which  has  escaped  decomposition.  According  to  this 
manner  of  viewing  the  coloring  principle,  the  art  of  dyeing  consists  in  fixing  upon  stuffs, 
by  means  of  corpuscular  attraction,  substances  which  act  upon  light  in  a  different  manner 
from  the  surfaces  of  the  stuffs  themselves.  The  dyer  ought,  therefore,  to  be  familiar  with 
two  principles  of  optics  ;  the  first  relative  to  the  mLxture  of  colors,  and  the  second  to  their 
simultaneous  contrast. 

Whenever  the  different  colored  rays,  which  have  been  separated  by  the  prism,  are 
totally  reunited,  they  reproduce  white  light.  It  is  evident,  that  in  this  composition 
of  light,  if  some  rays  were  left  out,  or  if  the  colored  rays  be  not  in  a  certain  proportion, 
we  should  not  have  white  light,  but  light  of  a  certain  color.  For  example ;  if  we 
separate  the  red  rays  from  the  light  decomposed  by  a  prism,  the  remaining  colored 
rays  will  form  by  their  combination  a  peculiar  bluish  green.  If  we  separate  in  like 
manner  the  orange  rays,  the  remaining  colored  rays  will  form  by  their  combination 
a  blue  color,  if  we  separate  from  the  decomposed  prismatic  light  the  rays  of  greenish 
yellow,  the  remaining  colored  rays  will  form  a  violet.  And  if  we  separate  the  rays  of 
yellow  bordering  on  orange,  the  remaining  colored  rays  will  form  by  their  union  an  indigo 
color. 

Thus  we  see  that  every  colored  light  has  such  a  relation  with  another  colored  light 
that,  by  uniting  the  first  with  the  second,  we  reproduce  white  light ;  a  relation  which  we 
express  by  saying  that  the  one  is  the  complement  of  the  other.  In  this  sense,  red  is  the 
complementary  color  of  bluish  green ;  orange,  of  blue  ;  greenish  yellow,  of  violet ;  and 
orange  yellow,  of  indigo.  If  we  mix  the  yellow  ray  with  the  red,  we  produce  orange ; 
the  blue  ray  with  the  yellow,  we  produce  green ;  and  the  blue  with  the  red,  we  produce 
violet  or  indigo,  according  as  there  is  more  or  less  red  relatively  to  the  blue.  But  these 
tints  are  distinguishable  from  the  orange,  green,  indigo,  and  violet  of  the  solar  spectrum, 
because  when  viewed  through  the  prism  they  are  reduced  to  their  elementary  compound 
colors. 

If  the  dyer  tries  to  realize  the  preceding  results  by  the  mixture  of  dyes,  he  will  succeed 
only  with  a  certain  number  of  them.  Thus,  with  red  and  yellow  he  can  make  orange ; 
with  blue  and  yellow,  green ;  with  blue  and  red,  indigo  or  violet.  These  facts,  the 
results  of  practice,  have  led  him  to  conclude  that  there  are  only  three  primitive  colors ; 
the  red,  yellow,  and  blue.  If  he  attempts  to  make  a  white,  by  applying  red,  yellow, 
and  blue  dyes  in  certain  quantities  to  a  white  stuff,  in  imitation  of  the  philosopher's  ex- 
periment on  the  synthesis  of  the  sunbeam,  far  from  succeeding,  he  will  deviate  still  further 
from  his  purpose,  since  the  stuff  will  by  these  dyes  become  so  dark  colored  as  to  appear 
black. 

.  The  fact  must  not,  however,  lead  us  to  suppose  that  in  every  case  where  red,  yellow, 
and  blue  are  applied  to  white  cloth,  black  is  produced.  In  reality,  when  a  little  ultra- 
marine, cobalt  blue,  Prussian  blue,  or  indigo,  is  applied  to  goods  with  the  view  of  giving 
them  the  best  possible  white,  if  only  a  certain  proportion  be  used,  the  goods  will  appear 
whiter  after  this  addition  than  before  it.    What  happens  in  this  case  ?     The  violet  blue 

*  Author,  in  Penny  Cyclopedia. 
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forms,  with  the  brown  yellow  of  the  goods,  a  mLxture  tending  to  white,  or  less  colored 
than  the  yellow  of  the  goods  and  the  blue  together  were.  For  the  same  reason,  a  mix- 
ture of  Prussian  blue  and  cochineal  pink  has  been  of  late  years  used  in  the  whitening  or 
the  azuring  of  silks,  in  preference  to  a  pure  blue ;  for  on  examining  closely  the  color  ot 
the  silk  to  be  neutralized,  it  was  found  by  the  relations  of  the  complementary  colors,  that 
the  violet  was  more  suitable  than  the  indigo  blue  formerly  used.  The  dyer  should  know, 
that  when  he  applies  several  different  coloring  matters  to  stuffs,  as  yellow  and  blue,  for 
example,  if  they  appear  green,  it  is  because  the  eye  cannot  distinguish  the  points  which 
reflect  the  yellow  from  those  which  reflect  the  blue ;  and  that,  consequently,  it  is  only 
where  the  distinction  is  not  possible,  that  a  mixture  or  combination  appears.  When  we 
examine  certain  gray  substances,  such  as  hairs,  feathers,  &c.,  with  the  microscope,  we 
see  that  the  gray  color  results  from  black  points  disseminated  over  a  colorless  or  slightly 
colored  surface.  In  reference  to  compound  colors,  this  instrument  might  be  used  with 
advantage  by  the  dyer. 

The  dyer  should  be  acquainted  also  with  the  law  of  the  simultaneous  contrast  of 
colors.  When  the  eye  views  two  colors  close  alongside  of  each  other,  it  sees  them 
differing  most  in  their  optical  composition,  and  in  the  height  of  their  tone,  when  the  two 
are  not  equally  pale  or  full-bodied.  They  appear  most  different  as  to  their  optical  com- 
position, when  the  complementary  of  the  one  of  them  is  added  to  the  color  of  the  other. 
Thus,  put  a  green  zone  alongside  of  an  orange  zone  ;  the  red  color  complementary  of 
green,  being  added  to  the  orange,  will  make  it  appear  redder ;  and  in  like  manner  the 
blue,  complementary  of  orange,  being  added  to  the  green,  will  make  it  appear  more  in- 
tensely blue.  In  order  to  appreciate  these  differences,  let  us  take  two  green  stripes  and 
two  orange  stripes,  placing  one  of  the  green  stripes  near  one  of  the  orange :  then  place 
the  two  others  so  that  the  green  stripe  may  be  at  a  distance  from  the  other  green  stripe, 
but  on  the  same  side,  and  the  orange  at  a  distance  from  the  other  orange,  also  on  the 
same  side. 

As  to  the  contrast  in  the  height  of  the  tone,  we  may  satisfy  ourselves  by  taking  the 
tones  No.  1,  No.  2,  No.  15,  and  No.  16,  from  a  graduated  pallet  of  reds :  for  example, 
by  placing  No.  2  and  No.  15  close  alongside,  putting  No.  1  at  a  distance  from  No.  2 
on  the  same  side,  and  No.  16  at  a  distance  from  No.  15  on  the  same  side, — we  shall 
see  (if  the  pallet  is  sufficiently  lowered  in  tone)  No.  2  equal  to  No.  1,  and  No.  15 
equal  to  No.  16 ;  whence  it  follows  that  No.  2,  by  the  vicinity  of  No.  15,  will  appear 
to  have  lost  some  of  its  color ;  while  No.  15  will  appear  to  have  acquired  color.  When 
black  or  gray  figures  are  printed  upon  colored  grounds,  these  figures  are  of  the  color 
complementary  of  the  ground.  Consequently,  in  order  to  judge  of  their  color,  we  must 
cut  out  spaces  in  a  piece  of  gray  or  white  paper,  so  as  to  allow  the  eye  to  see  nothing 
but  the  figures ;  and  if  we  wish  lo  compare  figures  of  the  same  color,  applied  upon 
grounds  of  different  colors,  we  can  judge  rightly  of  the  figures  only  by  insulating  them 
from  the  grounds. 

The  relations  of  dyeing  with  the  principles  of  chemistry,  constitute  ihe  theory  of  the 
art,  properly  speaking;  this  theory  has  for  its  basis,  the  knowledge — 1.  of  the  species  of 
bodies  which  dyeing  processes  bring  into  contact ;  2.  of  the  circumstances  in  which  these 
species  act ;  3.  of  the  phenomena  which  appear  during  their  action  ;  and  4.  of  the  prop- 
erties of  the  colored  combinations  which  are  produced.  These  generalities  may  be  speci- 
fied under  the  ten  following  heads  : — 

1.  The  preparation  of  the  stuffs  to  be  dyed,  whether  fibres,  yarn,  or  cloth;  under 
the  heads  of  ligneous  matter,  cotton,  hemp,  flax ;  and  of  the  animal  matters,  silk  and 
wool, 

2.  The  mutual  action  of  these  stuffs,  and  simple  bodies. 

3.  The  mutual  action  of  these  stuffs,  and  acids. 

4.  The  mutual  action  of  these  stuffs,  and  salifiable  bases,  as  alumina,  &c. 

5.  The  mutual  action  of  these  stuffs,  and  salts. 

6.  The  mutual  action  of  these  stuffs,  and  neutral  compounds  not  saline. 

7.  The  mutual  action  of  these  stuffs,  and  of  one  or  more  definite  compounds. 

8.  Of  dyed  stuffs  considered  in  reference  to  the  fastness  of  their  color,  under  the  in- 
fluence of  heat,  light,  water,  oxygen,  air,  boilings  with  soap,  and  reagents. 

9.  Of  dyeing,  considered  in  its  connexions  with  chemistry. 

10.  Of  dyeing,  considered  in  its  relations  with  caloric,  mechanics,  hydraulics,  and 
optics. 

1.  The  preparation  of  stuffs. 

The  operations  to  which  stuffs  are  subjected  before  dyeing,  are  intended — 1.  to  sepa- 
rate from  them  any  foreign  matters ;  2.  to  render  them  more  apt  to  unite  with  the 
coloring  tinctures  which  the  dyer  proposes  to  fix  upon  them,  in  order  to  give  them  a 
more  agreeable,  or  more  brilliant  aspect,  or  to  lessen  their  tendency  to  assume  a  soiled 
appearance  by  use,  which  white  surfaces  so  readily  do.  The  foreign  matters  are  either 
naturally  inherent  in  the  stuffs,  or  added  to  them  in  the  spinning,  weaving,  or  other 
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manipulation  of  manufacture.  The  ligneoiis  fibres  must  be  freed  from  the  colored  azo- 
tized  varnish  on  their  surface,  from  a  yellow  coloring  matter  in  their  substance,  from 
some  lime  and  iron,  from  chlorophylle  or  leaf-green,  and  from  pectic  acid ;  all  natural 
combinations.  Some  of  these  principles  require  to  be  oxygenized  before  alkaline  leys 
can  cleanse  them,  as  I  have  stated  in  the  article  Bleaching,  which  may  be  consulted  in 
reference  to  this  subject.  See  also  Silk  and  Wool.  A  weak  bath  of  soda  has  the  prop- 
erty of  preparing  wool  for  taking  on  a  uniform  dye,  but  it  must  be  well  rinsed  and  aired 
before  being  put  into  the  dye-vat. 

2.  Mutual  action  of  stuffs  and  simple  bodies. 

Stuffs  chemically  considered  being  composed  of  three  or  four  elements,  already  in  a 
state  of  reciprocal  saturation,  have  but  a  feeble  attraction  for  simple  substances.  We 
know  in  fact,  that  the  latter  combine  only  with  each  other,  or  with  binary  compounds, 
and  that  in  the  greater  number  of  cases  where  they  exert  an  action  upon  more  complete 
compounds,  it  is  by  disturbing  the  arrangement  of  their  elements,  and  not  by  a  resulting 
affinity  with  tlie  whole  together. 

3,  4.  Although  stuffs  may  in  a  general  point  of  view  be  considered  as  neutral  in 
relation  to  coloring  reagents,  yet  experience  shows  that  they  are  more  disposed  to  com- 
bine with  acid  than  with  alkaline  compounds ;  and  that  consequently  their  nature  seems 
to  be  more  alkaline  than  acid.  By  steeping  dry  wool  or  other  stuff  in  a  clean  state  in 
an  alkaline  or  acid  solution  of  known  strength,  and  by  testing  the  liquor  after  the  stuff 
is  taken  out,  we  shall  ascertain  whether  there  be  any  real  affinity  between  them,  by  the 
solution  being  rendered  more  dilute  in  consequence  of  the  abstraction  of  alkaline  or  acid 
particles  from  it.  Wool  and  silk  thus  immersed,  abstract  a  portion  of  both  sulphuric  and 
muriatic  acids;  but  cotton  and  flax  imbibe  the  water,  with  the  rejection  of  a  portion  of 
the  acid.  The  acid  may  be  again  taken  from  the  stuffs  by  washing  them  with  a  sufficient 
quantity  of  water. 

5.  The  affinity  between  saline  bodies  and  stuffs  may  be  ascertained  in  the  same  way 
as  that  of  acids,  by  plunging  the  dry  stuffs  into  solutions  of  the  salts,  and  determining 
the  density  of  the  solution  before  the  immersion,  and  after  withdrawing  the  stuffs. 
Wool  abstracts  alum  from  its  solution,  but  it  gives  it  all  out  again  to  boiling  water. 
The  sulphates  of  protoxyde  of  iron,  of  copper,  and  zinc,  resemble  alum  in  this  respect. 
When  silk  is  steeped  for  some  time  in  solution  of  protosulphate  of  iron,  it  abstracts  the 
oxyde,  gets  thereby  dyed,  and  leaves  the  solution  acidulous.  Wool  put  in  contact  with 
cream  of  tartar  decomposes  a  portion  of  it;  it  absorbs  the  acid  into  its  pores,  and  leaves 
a  neutral  salt  in  the  liquor.  The  study  of  the  action  of  salts  upon  stuffs  is  at  the  pres- 
ent day  the  foundation  of  the  theory  of  dyeing ;  and  some  of  them  are  employed  imme- 
diately as  dye-drugs. 

6.  Mutual  action  of  stuffs,  and  neutral  compounds  not  saline. 

Several  sulphurets,  such  as  those  of  arsenic,  lead,  copper,  antimony,  tin,  are  suscepti- 
ble of  being  applied  to  stuffs,  and  of  dyeing  them  in  a  more  or  less  fast  manner.  Indigo, 
hematine,  breziline,  carmine,  and  the  peculiar  coloring  principles  of  many  dyes  belong 
to  this  division. 

7.  Mutual  action  of  goods  with  one  or  more  definite  compounds,  and  dye-stuffs. 

I  shall  consider  here  in  a  theoretical  point  of  view,  the  most  general  results  which 
a  certain  number  of  organic  coloring  matters  present,  when  applied  upon  stuffs  by  the 
dyer. 

Indigo.  This  dye-drug,  when  tolerably  good,  contains  half  its  weight  of  indisrotine. 
The  cold  vat  is  prepared  commonly  with  water,  copperas,  indigo,  lime,  or  sometimes  car- 
bonate of  soda,  and  is  used  almost  exclusively  for  cotton  and  linen ;  immersion  in  acidu- 
lated water  is  occasionally  had  recourse  to  for  removing  a  little  oxyde  of  iron  which 
attaches  itself  to  the  cloth  dyed  in  this  vat. 

The  indigo  vat  for  wool  and  silk  is  mounted  exclusively  with  indigo,  good  potashes  of 
commerce,  madder,  and  bran.  In  this  vat,  the  immediate  principles  with  base  of  carbon 
and  hydrogen,  such  as  the  extracts  of  madder  and  bran,  perform  the  disoxydizing  func- 
tion of  the  copperas  in  the  cold  vat.  The  pastel  vats  require  most  skill  and  experience, 
in  consequence  of  their  complexity.  The  greatest  difficulty  occurs  in  keeping  them  in  a 
good  condition,  because  they  vary  progressively  as  the  dyeing  goes  on,  by  the  abstraction 
of  the  indigotine,  and  the  modification  of  the  fermentable  matter  employed  to  disoxyge- 
nate  the  indigo.  The  alkaline  matter  also  changes  by  the  action  of  the  air.  By  the  suc- 
cessive additions  of  indigo,  alkali,  &c.,  this  vat  becomes  very  difficult  to  manage  with 
profit  and  success.  The  great  affair  of  the  dyer  is  the  proper  addition  of  lime ;  too  much 
or  too  little  being  equally  injurious. 

Sulphate  of  indigo  or  Saxon  blue  is  used  also  to  dye  silk  and  wool.  If  the  wools  be 
ill  sorted,  it  will  show  their  differences  by  the  inequalities  of  the  dye.  Wool  dyed  in  this 
bath  put  into  \water  saturated  with  sulphureted  hydrogen,  becomes  soon  colorless,  owing 
to  the  disoxygenation  of  the  indigo.  The  woollen  cloth,  when  exposed  to  the  air  for  some 
lime  resumes  its  blue  color,  but  not  so  intensely  as  before. 
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The  properties  of  hemaline  explain  the  mode  of  using  logwood.  When  stuffs  are 
dyed  in  the  infusion  or  decoction  of  this  wood,  under  the  influence  of  a  base  which  acts 
upon  the  hemaline  in  the  manner  of  an  alkali,  a  blue  dye,  bordering  upon  violet,  is 
obtained.  Such  is  the  process  for  dyeing  cotton  and  wool  a  logwood  blue  by  means  of 
verdigris,  crystallized  acetate  of  copper,  and  acetate  of  alumina. 

When  we  dye  a  stuff  yellow,  red,  or  orange,  we  have  always  bright  tints;  with  blue, 
■we  may  have  a  very  dark  shade,  but  somewhat  violet ;  the  proper  black  can  be  obtained 
only  by  using  the  three  colors,  blue,  red,  and  yellow,  in  proper  proportions.  Hence  we 
can  explain  how  the  tints  of  yellow,  red,  orange,  blue,  green,  and  violet,  may  be  browned, 
by  applying  to  them  one  or  two  colors  which  along  with  themselves  would  produce 
black  ;  and  also  we  may  explain  the  nature  of  that  variety  of  blacks  and  grays  which 
seems  to  be  indefinite.  Nutgalls  and  sulphate  of  iron,  so  frequently  employed  for  the 
black  dye,  give  only  a  violet  or  bluish  gray.  The  pyrolignite  of  iron,  which  contains 
a  brown  empyreumatic  matter,  gives  to  stufls  a  brown  tint,  bordering  upon  greenish 
yellow  in  the  pale  hues,  and  to  chestnut  brown  in  the  dark  ones.  By  galling  cotton 
and  silk,  and  giving  them  a  bath  of  pyrolignite  of  iron,  we  may,  after  some  alterna- 
tions, dye  them  black.  Galls,  logwood,  and  a  salt  of  iron,  produce  merely  a  very  deep 
violet  blue;  but  by  boiling  and  exposure  to  air,  the  hemalate  of  iron  is  changed,  becom- 
ing red-brown,  and  favors  the  production  of  black.  Galls  and  salts  of  copper  dye  stufls 
an  olive  drab,  logwood  and  salts  of  copper,  a  violet  blue ;  hence  their  combination  should 
produce  a  black.  In  using  sumach  as  a  substitute  for  galls,  we  should  take  into  account 
the  proportion  of  yellow  matter  it  contains.  When  the  best  possible  black  is  wanted 
upon  wool,  we  must  give  the  stuff  a  foundation  of  indigo,  then  pass  it  into  a  bath  of  log- 
wood, sumach,  and  proto-sulphate  of  iron.  The  sumach  may  be  replaced  by  one  third  of 
its  weight  of  nutgalls. 

8.  Of  dyed  stufis  considered  in  reference  to  the  fastness  of  their  colors,  when  exposed 
to  water,  light,  heat,  air,  oxygen,  boiling,  and  reagents. 

Pure  water  without  air  has  no  action  upon  any  properly  dyed  stuff. 

Heat  favors  the  action  of  certain  oxygenized  bodies  upon  the  carbonaceous  and  hydro- 
genous constituents  of  the  stuff';  as  is  seen  with  regard  to  chromic  acid,  and  peroxyde  of 
mansanese  upon  cotton  goods.  It  promotes  the  solvent  action  of  water,  and  it  even  aflects 
some  colors.  Thus  Prussian  blue  applied  to  silk,  is  reduced  to  peroxyde  of  iron  by  long 
boiling. 

Light  without  contact  of  air  affects  very  few  dyes. 

Oxygen,  especially  in  the  nascent  state,  is  very  powerful  upon  dyes.     See  Bleachino. 

The  atmosphere  in  a  somewhat  moist  state  affects  many  dyes,  at  an  elevated  tem- 
perature. Silk  dyed  pink,  with  safllower,  when  heated  to  400°  F.,  becomes  of  a  dirty 
"white  hue  in  the  course  of  an  hour.  The  violet  of  logwood  upon  alumed  wool  becomes 
of  a  dull  brown  at  the  same  temperature  in  the  same  time.  But  both  stand  a  heat  of 
300°  F.  Brazil  red  dye,  turmeric,  and  weld  yellow  dyes,  display  the  same  phenomena. 
These  facts  show  the  great  fixity  of  colors  commonly  deemed  tender.  The  stuffs 
become  affected  to  a  certain  degree,  under  the  same  circumstances  as  the  dyes.  The 
alterability  even  of  indigo  in  the  air  is  shown  in  the  wearing  of  pale  blue  clothes;  in 
the  dark  blue  cloth  there  is  such  a  body  of  color,  that  it  resists  proportionally  longer ; 
but  the  seams  of  coats  exhibit  the  effect  very  distinctly.  In  silk  window  curtains,  which 
have  been  long  exposed  to  the  air  and  light,  the  stufi'  is  found  to  be  decomposed,  as  well 
as  the  color. 

Boiling  was  formerly  prescribed  in  France  as  a  test  of  fast  dyes.  It  consisted  in 
putting  a  sample  of  the  dyed  goods  in  boiling  water,  holding  in  solution  a  determinate 
quantity  of  alum,  tartar,  soap,  and  vinegar,  &,c.  Dufiy  improved  that  barbarous  test. 
He  considered  that  fast-dyed  cloih  could  be  recognised  by  resisting  an  exposure  of  twelve 
hours  to  the  sunshine  of  summer,  and  to  the  midnight  dews ;  or  of  sixteen  days  in 
winter. 

In  trying  the  stability  of  dyes,  we  may  offer  the  following  rules  : — 

That  every  stuff  should  be  exposed  to  the  light  and  air ;  if  it  he  intended  to  be  worn 
abroad,  it  should  be  exposed  also  to  the  wind  and  rain ;  that  carpets,  moreover,  should  be 
subjected  to  friction  and  pulling,  to  prove  their  tenacity;  and  that  cloths  to  be  washed 
should  be  exposed  to  the  action  of  hot  water  and  soap. 

In  examining  a  piece  of  dyed  cotton  goods,  we  may  proceed  as  follows : — 

Suppose  its  color  to  be  orange-brown.  We  find  first  that  it  imparts  no  color  to  boil- 
in?  water;  that  protochloride  of  tin  takes  out  its  color;  that  plunged  into  a  solution 
of  ferroprussiate  of  potash  it  becomes  blue;  and  that  a  piece  of  it  being  burned,  leaves 
a  residuum  of  peroxyde  of  iron;  we  may  thence  conclude  that  the  dyeing  matter  is 
peroxyde  of  iron. 

Suppose  we  have  a  blue  stuff  which  may  have  been  dyed  either  with  indigo  or  with 
Prussian  blue,  and  we  wish  to  know  what  it  will  become  in  use.  We  inquire  first  into 
the  nature  of  the  blue.     Hot  water  slightly  alkaline  will  be  colored  blue  by  it,  if 
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it  has  been  dyed  with  sulphate  of  indigo ;  it  will  not  be  colored  if  it  was  dyed  in  the  indigo 
vat,  but  it  will  become  yellow  by  nitric  acid.  Boiling  water,  without  becoming  colored 
itself,  will  destroy  the  Prussian  blue  dye ;  an  alkaline  water  will  convert  its  color  into  an 
iron  rust  tint;  nitric  acid,  which  makes  the  indigo  dye  yellow,  makes  that  of  Prussian 
blue  green.  The  liquor  resulting  from  boiling  alkaline  water  on  the  Prussian  blue  cloth, 
will  convert  sulphate  of  iron  into  Prussian  blue. 

9.  Division.     Of  dyeing  viewed  in  its  relation  to  chemistry. 

The  phenomena  of  dyeing  have  been  ascribed  to  very  different  causes ;  by  some  they 
were  supposed  to  depend  upon  mechanical  causes,  and  by  others  upon  the  forces  from 
which  chemical  effects  flow.  Hellot,  in  conformity  with  the  first  mode  of  explanation, 
thought  that  the  art  of  dyeing  consisted  essentially  in  opening  the  pores  in  order  to  admit 
coloring  matters  into  them,  and  to  fix  them  there  by  cooling,  or  by  means  of  a  mordant 
imagined  to  act  like  a  cement. 

Dufay  in  1737,  Bergmann  in  1776,  Macquer  in  1778,  and  Berthollet  in  1790,  had  re- 
course to  chemical  affiniiies,  to  explain  the  fixation  of  the  coloring  principles  upon  stuffs, 
either  without  an  intermedium,  like  indigo,  walnut  peels,  annotto ;  or  by  the  interven- 
tion of  an  acid,  a  salifiable  base,  or  a  salt,  which  were  called  mordants.  When  bodies 
present  phenomena  which  we  refer  to  an  attraction  uniting  particles  of  the  same 
nature,  whether  simple  or  compound,  to  form  an  aggregate,  or  to  an  aflinily  which 
unites  the  particles  of  different  natures  to  form  them  into  a  chemical  compound,  these 
bodies  are  in  apparent  contact.  This  happens  precisely  in  all  the  cases  of  the  mutual 
action  of  bodies  in  an  operation  of  dyeing ;  if  their  particles  were  not  in  apparent  con- 
tact, there  would  be  absolutely  no  change  in  their  respective  condition.  When  we  see 
stuffs  and  metallic  oxydes  in  apparent  contact,  form  a  mutual  union  of  greater  or  less 
force,  we  cannot  therefore  help  referring  it  to  affinity.  We  do  not  know  how  many 
dyes  may  be  fixed  upon  the  same  piece  of  cloth ;  but  in  the  operations  of  the  dye-house 
sufficiently  complex  compounds  are  formed,  since  they  are  always  stufl"s,  composed  of 
three  or  four  elements,  which  are  combined  with  at  least  binary  acid  or  basic  com- 
pounds ;  with  simple  salts  compounded  themselves  of  two  immediate  principles  at  least 
binary ;  with  double  salts  composed  of  two  simple  salts ;  and  finally  with  organic  dye- 
stufis  containing  three  or  four  elements.  We  may  add  that  different  species  belonging 
to  one  of  these  classes,  and  different  species  belonging  to  different  classes,  may  unite 
simultaneously  with  one  stuff.  The  union  of  stuffs  with  coloring  matters  appears,  in 
general,  not  to  take  place  in  definite  proportions;  though  there  are  probably  some 
exceptions. 

We  may  conclude  this  head  by  remarking,  that,  besides  the  stuff  an  1  the  coloring 
matter,  it  is  not  necessary,  in  dyeing,  to  distinguish  a  third  body,  under  the  name  of  7/ior- 
dajit ;  for  the  idea  of  mordant  does  not  rest  upon  any  definite  fact;  the  body  to  which 
this  name  has  been  given  being  essentially  only  one  of  the  immediate  principles  of  the 
colored  combination  which  we  wish  to  fix  upon  the  stuflf. 

10.  Division.  Of  dyeing  in  its  relation  with  caloric,  mechanics,  hydraulics,  pneumatics, 
and  optics. 

Dyeing  baths,  or  coppers,  are  heated  directly  by  a  furnace,  or  by  means  of  steam  con- 
ducted in  a  pipe  from  a  boiler  at  a  certain  distance  from  the  bath.  In  the  first  case,  the 
vessels  are  almost  always  made  of  copper ;  only,  in  special  cases,  for  the  scarlet  and  some 
delicate  silk  dyes,  of  tin;  in  the  second  case,  they  are  of  copper,  iron,  or  wood.  A  direct 
fire  is  more  economical  than  heating  steam  pipes,  where  there  is  only  one  or  two  baths  to 
heat,  or  where  the  labors  are  often  suspended.  Madder  and  indigo  vats,  when  heated  by 
steam,  have  it  either  admitted  directly  into  the  liquor,  or  made  to  circulate  through  pipes 
plunged  into  it,  or  between  the  copper  and  an  exterior  iron  or  wood  case.  See  the  end 
of  this  article. 

Everything  else  being  equal,  dyeing  with  heat  presents  fewer  difficulties  towards  obtain- 
in?  an  evenly  color,  than  dyeing  in  the  cold  ;  the  reason  of  which  may  be  found  in  the 
following  facts  : — The  air  adherins  to  the  surface  of  stuffs,  and  that  interposed  between 
the  fibres  of  their  constituent  yarns,  is  more  easily  extricated  in  a  hot  bath  than  a  cold 
one,  and  thus  allows  the  dye  liquor  to  penetrate  more  easily  into  their  interior  :  in  the 
second  place,  the  currents  which  take  place  in  a  hot  bath,  and  which  tend  incessantly  to 
render  its  contents  uniform,  by  renewing  continually  the  strata  of  liquid  in  contact  with 
the  stuff,  contribute  mainly  to  render  the  dyeing  evenly.  In  cold  dyeing,  it  is  necessary 
to  stir  up  the  bath  from  time  to  time  :  and  when  goods  are  first  put  in,  they  must  be  care- 
fully dipped,  then  taken  out,  pressed,  and  wrung,  several  times  in  succession  till  they  be 
uniformly  moistened. 

The  mechanical  relations  are  to  be  found  in  the  apparatus  employed  for  wincing, 
siring,  and  pressing  the  goods,  as  we  have  described  under  Calico  Printino  and 
Bandana.  The  hydraulic  relations  refer  to  the  wash-wheels  and  other  similar  ap- 
paratus, of  which  an  account  is  given  under  the  same  articles.      The  optical  relations 
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have  been  already  considered.  In  the  sequel  of  this  article  an  automatic  dyeing  vat  will 
be  described. 

The  extracts  of  solutions  of  native  dye-stuffs  may  be  divided  into  two  classes,  in  refer- 
ence to  their  habitudes  with  the  oxygen  of  the  atmosphere  ;  such  as  continue  essentially 
unaltered  in  the  air,  and  such  as  sufl'er  oxydation,  and  thereby  precipitate  a  determinate 
coloring  matter.  The  dyes  contained  in  the  watery  infusions  of  the  different  vegetable 
and  animal  substances  which  do  not  belong  to  tlie  second  class,  are  feebly  attached  to 
their  solvents,  and  quit  them  readily  for  any  other  bodies  that  possess  an  attraction  for 
them.  On  this  principle,  a  decoction  of  cochineal,  logwood,  brazil  wood,  or  a  solution 
of  sulphate  of  indigo,  by  digestion  with  powdered  bone  black,  lose  their  color,  in  conse- 
quence of  the  coloring  particles  combining  by  a  kind  of  capillary  attraction  with  the 
porous  carbon,  without  undergoing  any  change.  The  same  thing  happens  when  well- 
scoured  wool  is  steeped  in  such  colored  liquids ;  and  the  color  which  the  wool  assumes 
by  its  attraction  for  the  dye,  is,  with  regard  to  most  of  the  above  colored  solutions,  but 
feeble  and  fugitive,  since  the  dye  may  be  again  abstracted  by  copious  washing  with  simple 
water,  whose  attractive  force  therefore  overcomes  that  of  the  wool.  The  aid  of  a  high 
temperature,  indeed,  is  requisite  for  the  abstraction  of  the  color  from  the  wool  and  the 
bone-black,  probably  by  enlarging  the  size  of  the  pores,  and  increasing  the  solvent  power 
of  the  water. 

Those  dye-baths,  on  the  contrary,  whose  coloring  matter  is  of  the  nature  of  extractive 
or  apotheme,  form  a  faster  combination  with  stuffs.  Thus  the  yellow,  fawn,  and  brown 
dyes,  which  contain  tannin  and  extractive,  become  oxygenated  by  contact  of  air,  and  in- 
soluble in  water ;  by  which  means  they  can  impart  a  durable  dye.  When  wool  is  impreg- 
nated with  decoctions  of  that  kind,  its  pores  get  charged  by  capillarity,  and  when  the  liquid 
becomes  oxygenated,  they  remain  filled  witli  a  color  now  become  insoluble  in  water.  A 
similar  change  to  insolubility  ensues  when  the  yellow  liquor  of  the  indigo  vat  getsoxydized 
in  the  pores  of  cotton  and  wool,  into  which  it  had  been  introduced  in  a  fluid  state.  The 
same  change  occurs  when  protosulphate  of  iron  is  converted  into  persulphate,  with  the 
deposition  of  an  insoluble  peroxyde  in  the  substance  of  the  stuff.  The  change  here 
effected  by  oxydation  can,  in  other  circumstances,  be  produced  by  acids  which  have  the 
power  of  precipitating  the  dye-stuff  in  an  insoluble  state,  as  happens  with  decoction  of 
fustic. 

Hence  we  perceive  that  the  dyeing  of  fast  colors  rests  upon  the  principle,  that  the 
colors  dissolved  in  the  vat,  during  their  union  with  the  stuff,  should  suffer  such  a  change 
as  to  become  insoluble  in  their  former  menstruum.  The  more  this  dye,  as  altered  in  its 
union  with  the  stuff,  can  resist  other  menstrua  or  agents,  the  faster  it  will  be.  This  is 
the  essential  difference  between  dyeing  and  painting ;  or  applying  a  coat  of  pigment  de- 
void of  any  true  affinity  for  the  surface. 

If  we  mix  a  clear  infusion  of  a  dye  with  a  small  quantity  of  a  solution  of  an  earthy 
or  metallic  salt,  both  in  water,  the  limpid  liquids  soon  become  turbid,  and  there  grad- 
ually subsides  sooner  or  later,  according  to  the  nature  of  the  mixture,  a  colored 
precipitate,  consisting  of  the  altered  dye  united  with  a  basic  or  subsalt.  In  this  com- 
pound the  coloring  matter  seems  to  act  the  part  of  an  acid,  which  is  saturated  by  a 
small  quantity  of  the  basis,  or  in  its  acid  relationship  is  feeble,  so  that  it  can  also 
combine  with  acids,  being  in  reference  to  them  a  base.  The  decomposition  of  a  salt,  as 
alum,  by  dyes,  is  effected  principally  through  the  formation  of  an  insoluble  subsalt, 
with  which  the  color  combines,  while  a  supersalt  remains  in  the  bath,  and  modifies,  by 
its  solvent  rfaction,  the  shade  of  the  dyed  stuff.  Dyed  stuffs  may  be  considered  as 
composed  of  the  fibrous  body  intimately  associated  with  the  coloring  matter,  the  oxyde, 
and  acid,  all  three  constituting  a  compound  salt.  Many  persons  have  erroneously 
imagined,  that  dyed  goods  contained  none  of  the  acid  employed  in  the  dye  bath ;  but 
they  forget  that  even  potash  added  to  alum  does  not  throw  down  the  pure  earthy  basis, 
but  a  subsalt ;  and  they  should  not  ascribe  to  coloring  matter  a  power  of  decomposition 
at  all  approaching  to  that  of  an  alkali.  Salts,  containing  strong  acids,  saturate  a  very 
large  quantity  of  coloring  matter,  in  proportion  to  their  place  in  the  scale  of  chemical 
equivalents.  Mere  bases,  such  as  pure  alumina,  and  pure  oxyde  of  tin,  have  no  power 
of  precipitating  coloring  matter ;  when  they  seem  to  do  so,  they  always  contain  some 
acid. 

Such  salts,  therefore,  as  have  a  tendency  to  pass  readily  into  the  basic  state,  are  pecu- 
liarly adapted  to  act  as  mordants  in  dyeing,  and  to  form  colored  lakes.  Magnesia  affords 
as  fine  a  wlute  powder  as  alumina,  and  answers  equally  well  to  dilute  lakes,  but  its 
soluble  salts  cannot  be  employed  to  form  lakes,  because  they  do  not  pass  into  the  basic 
state.  This  illustration  is  calculated  to  throw  much  light  upon  dyeing  processes  in 
general. 

The  color  of  the  lake  depends  very  much  upon  the  nature  of  the  acid,  and  the 
basis  of  the  precipitating  salt.  If  it  be  white,  like  alumina  and  oxyde  of  tin,  the  lake 
will  have,  more  or  less,  the  color  of  the  dye,  but  brightened  by  the  reflection  of  white 
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light  from  the  basis ;  while  the  difference  of  the  acid  occasions  a  difference  in  the  hue. 
The  colored  bases  impart  more  or  less  of  their  color  to  the  lakes,  not  merely  in  virtue  of 
their  own  tints,  but  of  their  chemical  action  upon  the  dye. 

Upon  these  principles  a  crimson  precipitate  is  obtained  from  infusions  of  cochineal  by 
alum  and  salt  of  tin,  which  becomes  scarlet  by  the  addition  of  tartar ;  by  acetate  of 
lead,  a  violet  blue  precipitate  is  obtained,  which  is  durable  in  the  air ;  by  muriate  of 
lime,  a  pink  brown  precipitate  falls,  which  soon  becomes  black,  and  at  last  dirty  green ; 
by  the  solution  of  a  ferruginous  salt,  the  precipitates  are  dark  violet  and  black;  and, 
in  like  manner,  all  other  salts  with  earthy  or  metallic  bases,  afford  diversities  of  shade 
with  cochineal.  If  this  dye  stuff  be  dissolved  in  weak  water  of  ammonia,  and  be  pre- 
cipitated with  acetate  of  lead,  a  green  lake  is  obtained,  which,  after  some  time,  will 
become  green  on  the  surface  by  contact  of  air,  but  violet  and  blue  beneath.  Hence  it 
appears,  that  the  shade  of  color  of  a  lake  depends  upon  the  degree  of  oxydation  or 
change  of  the  color  caused  by  the  acid  of  the  precipitating  salt,  upon  the  degree  of  oxy- 
dation or  color  of  the  oxyde  which  enters  into  union  with  the  dye,  and  upon  its  quantity 
in  reference  to  that  of  the  coloring  principle. 

Such  lakes  are  the  difficultly  soluble  salts  which  constitute  the  dyeing  materials  of 
stuffs.  Their  particles,  however,  for  the  purposes  of  dyeing,  must  exist  in  a  state  of 
extremely  fine  division  in  the  bath  liquor,  in  order  that  they  may  penetrate  along  with  it 
into  the  minute  pores  of  textile  fibres,  and  fill  the  cavities  observed  by  means  of  the 
microscope  in  the  filaments  of  wool,  silk,  cotton,  and  flax.  I  have  examined  these  stuffs 
with  an  achromatic  microscope,  and  find  that  when  they  are  properly  dyed  with  fast  col- 
ors, the  interior  of  their  tubular  texture  is  filled,  or  lined  at  least,  with  coloring  matter. 
When  the  bath  contains  the  coloring  particles,  so  finely  divided  that  they  can  pass 
through  filtering  paper,  it  is  capable  of  dyeing ;  but  if  the  infusion  mixed  with  its  mor- 
dant be  flocculent  and  ready  to  subside,  it  is  unfit  for  the  purpose.  In  the  latter  case, 
the  ingredients  of  the  dye  have  already  become  aggregated  into  compounds  too  coherent 
and  too  gross  for  entering  into  combination  with  fibrous  stuffs.  Extractive  matter  and 
tannin  are  particularly  liable  to  a  change  of  this  kind,  by  the  prolonged  action  of  heat  in 
the  bath.  Hence,  also,  an  alkaline  solution  of  a  coloring  matter  affords  no  useful  dye 
bath,  when  mixed  with  the  solution  of  a  salt  having  an  earthy  or  metallic  basis. 

These  circumstances,  which  are  of  frequent  occurrence  in  the  dye-house,  render  it 
necessary  always  to  have  the  laky  matter  in  a  somewhat  soluble  condition,  and  to  effect 
its  precipitation  within  the  pores  of  the  stuffs,  by  previously  impregnating  them  with  the 
saline  solutions  by  the  aid  of  heat,  which  facilitates  their  introduction. 

When  a  mordant  is  applied  to  any  stuff,  the  portion  of  it  remaining  upon  the  surface 
of  the  fibres  should  be  removed ;  since,  by  its  combination  with  the  coloring  matter,  it 
would  be  apt  to  form  an  external  crust  of  mere  pigment,  which  would  block  up  the 
pores,  obstruct  the  entrance  of  the  dye  into  the  interior,  and  also  exhaust  to  no  purpose 
the  dyeing  power  of  the  bath.  For  this  reason  the  stuffs,  after  the  application  of  the 
mordant,  are  drained,  squeezed,  washed,  and  sometimes  (particularly  with  cotton  and 
linen,  in  calico  printing)  even  hard  dried  in  a  hot  stove. 

The  saline  mordants,  moreover,  should  not  in  general  possess  the  crystallizing  property 
in  any  considerable  degree,  as  this  opposes  their  affinity  of  composition  for  the  cloth.  On 
this  account  the  deliquescent  acetates  of  iron  and  alumina  are  more  ready  to  aid  the 
dyeing  of  cotton  than  copperas  and  alum. 

Alum  is  the  great  mordant  employed  in  wool  dyeing.  It  is  frequently  dissolved  in 
water,  holding  tartar  equal  to  one  fourth  the  weight  of  the  alum  in  solution ;  by  which 
addition  its  tendency  to  crystallize  is  diminished,  and  the  resulting  color  is  brightened. 
The  alum  and  tartar  combine  with  the  stuff  without  suffering  any  change,  and  are 
decomposed  only  by  the  action  of  the  coloring  matters  in  the  dye  bath.  The  alum  ope- 
rates solely  in  virtue  of  its  sulphuric  acid  and  earthy  basis;  the  sulphate  of  potash  pres- 
ent in  that  salt  being  rather  injurious.  Hence,  if  a  sulphate  of  alumina  free  from  iron 
could  be  readily  obtained,  it  would  prove  a  preferable  mordant  to  alum.  It  is  also  prob- 
able, fur  the  reasons  above  assigned,  that  soda  alum,  a  salt  much  less  apt  to  crystallize 
than  potash  or  ammonia  alum,  would  suit  the  dyer  very  well.  In  order  to  counteract  the 
tendency  of  common  alum  to  crystallize,  and  to  promote  its  tendency  to  pass  into  a  basic 
salt,  one  eighth  part  of  its  weight  of  potash  is  added  to  its  solution,  or  the  equivalent  in 
chalk  or  soda. 

We  shall  conclude  this  account  of  the  general  principles  of  dyeing,  with  Mr.  Delaval's 
observations  on  the  nature  of  dyes,  and  a  list  of  the  different  substances  used  in  dyeing, 
in  reference  to  the  colors  produced  by  them. 

Sir  Isaac  Newton  supposed  colored  matters  to  reflect  the  rays  of  light ;  some  bodies 
reflecting  the  more,  others  the  less,  refrangible  rays  most  copiously ;  and  this  he  conceived 
to  be  the  true,  and  the  only  reason  of  their  colors.  Mr.  Delaval,  however,  proved,  in 
the  2d  vol.  of  the  "  Memoirs  of  the  Philosophical  and  Literary  Society  of  Manchester," 
that,  "  in  transparent  colored  substances,  the  coloring  substance  does  not  reflect  any 
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light ;  and  that  when,  by  intercepting  the  light  which  was  transmitted,  it  is  hindered 
from  passing  through  substances,  they  do  not  vary  from  their  former  color  to  any  other 
color,  but  become  entirely  black  ;"  and  he  instances  a  considerable  number  of  colored 
liquors,  none  of  them  endued  with  reflective  powers,  which,  when  seen  by  transmitted 
light,  appeared  severally  in  their  true  colors ;  but  all  of  them,  when  seen  by  incident 
light,  appeared  black ;  which  is  also  the  case  of  black  cherries,  black  currants,  black 
berries,  &.c.,  the  juices  of  which  appeared  red  when  spread  on  a  white  ground,  or  other- 
wise viewed  by  transmitted  instead  of  incident  light;  and  he  concludes,  that  bleached 
linen,  &c.,  "  when  dyed  or  painted  with  vegetable  colors,  do  not  difler  in  their  manner 
of  acting  on  the  rays  of  light,  from  natural  vegetable  bodies ;  both  yieldin?  their  colors 
by  transmitting  through  the  transparent  colored  matter  the  light  which  is  reflected  from 
the  white  ground  :"  it  being  apparent,  from  different  experiments,  "  that  no  reflecting 
power  resides  in  any  of  their  components,  except  in  their  white  matter  only,"  and  that 
"  transparent  colored  substances,  placed  in  situations  by  which  transmission  of  light 
through  them  is  intercepted,  exhibit  no  color,  but  become  entirely  black." 

The  art  of  dyeing,  therefore,  (according  to  Mr.  Delaval,)  "consists  principally  in  cover- 
ing while  substances,  from  which  light  is  strongly  reflected,  with  transparent  colored 
media,  which,  according  to  their  several  colors,  transmit  more  or  less  copiously  the  rays 
reflected  from  the  white,"  since  "  the  transparent  media  themselves  reflect  no  light;  and 
it  is  evident  that  if  they  yielded  their  colors  by  reflecting,  instead  of  tiansmitting  the 
rays,  the  whiteness  or  color  of  tlie  ground  on  which  they  are  applied,  would  noi  in  any- 
wise alter  or  ailect  the  colors  which  they  exhibit." 

But  when  any  opaque  basis  is  interposed,  the  reflection  is  doubtless  made  by  it,  rather 
than  by  the  substance  of  the  dyed  wool,  silk,  &c.,  and  more  especially  when  such  basis 
consists  of  the  white  earth  of  alum,  or  the  white  oxyde  of  tin  ;  which,  by  their  strong 
reflective  powers,  greatly  augment  the  lustre  of  colors.  There  are,  moreover,  some 
opaque  coloring  matters,  particularly  the  acetous,  and  other  solutions  of  iron,  used  to 
stain  linen,  cotton,  &c.,  which  must  necessarily  themselves  reflect,  instead  of  transrnit- 
line  the  light  by  which  tlieir  colors  are  made  perceptible. 

The  compound  or  mixed  colors,  are  such  as  result  from  the  combination  of  two  differ- 
ently colored  dye  stufl's,  or  from  dyeing  stuffs  with  one  color,  and  then  with  another. 
The  simple  colors  of  the  dyer  are  red,  yellow,  blue,  and  black,  with  which,  when  skil- 
fully blended,  he  can  produce  every  variety  of  tint.  Perhaps  the  dun  or  fawn  color 
might  be  added  to  the  above,  as  it  is  directiy  obtained  from  a  great  many  vegetable  sub- 
stances. 

1.  Red  with  yellow,  produces  orange;  a  color  which,  upon  wool,  is  given  usually  with 
the  spent  scarlet  bath.  To  this  shade  may  be  referred  flame  color,  pomegranate,  capu- 
chin, prawn,  jonquil,  cassis,  chamois,  ca/e  au  laii,  aurora,  marigolJ,  orange  peel,  7nor- 
dores,  cinnamon,  gold,  &.c.  Snufl',  chestnut,  musk,  and  other  shades  are  produced  by 
substituting  walnut  peels  or  sumach  for  bright  yellow.  If  a  little  blue  be  added  to  orange, 
an  olive  is  obtained.  The  only  direct  orange  dyes  are  annotto,  and  subchromate  of  lead  ; 
see  Silk  and  Wool  Dyeing, 

2.  Red  with  blue  produces  purple,  violet,  lilach,  pigeon's  neck,  mallow,  peach-blossom, 
hleu  de  roi,  lint-blossom,  amaranth. 

3.  Red  with  black  ;   brown,  chocolate,  marone,  &c. 

4.  Yellow  with  blue  ;  green  of  a  great  variety  of  shades,  such  as  nascent  green,  gay 
green,  grass  green,  spring  green,  laurel  green,  sea  green,  celadon  green,  parrot  green, 
cabbase  green,  apple  green,  duck  green. 

5.  Mixtures  of  colors,  three  and  three,  and  four  and  four,  produce  an  indefinite  diver- 
sity of  tints  ;  thus  red,  yellow,  and  blue,  form  brown  olives,  and  greenish  grays;  in 
which  the  blue  dye  ought  always  to  be  first  given,  lest  the  indijo  vat  should  be  soiled  by 
other  colors.  Red,  yellow,  and  gray,  (which  is  a  gradation  of  black,)  give  the  dead-leaf 
lint,  as  well  as  dark  orange,  snutt'  color,  &c.  Red,  blue,  and  gray,  give  a  vast  variety 
of  shades ;  as  lead  gray,  slate  gray,  wood-pigeon  gray,  and  other  colors,  too  numerous  to 
specify.     See  Brown  Dye. 

The  following  list  of  dyes,  and  the  coloring  substances  which  produce  them,  may  prove 
useful. 

Red.  Cochineal,  kermes,  lac,  madder,  archil,  carthamus  or  safflower,  brazil  wood, 
logwood,  periodide  of  mercury,  alkanet. 

Yellow.  Quercitron,  weld,  fustic,  (yellow  wood,)  annotto,  sawwort,  dyer's  broom,  tur- 
meric, fustet,  (rhus  cotinus,)  Persian  and  Avignon  berries,  (rltamnus  ivfectorins,)  willow, 
peroxyde  of  iron  ;  chromate  of  lead,  (chrome  yellow,)  sulphuret  of  arsenic,  hydrosul- 
phuret  of  antimony;   nitric  acid  on  silk. 

Blue.  Indigo,  woad  or  pastel,  Prussian  blue,  turnsole  or  litmus,  logwood  with  a  salt 
of  copper. 
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Black.     Galls,  sumach,  logwood,  walnut  peels,  and  other  vegetables  which  contain 
tannin  and  gallic  acid,  along  with  ferruginous  mordants.     The  anacardium  of  India. 

Green,     these  are  produced  by  the  blue  and  yellow  dyes  skilfully  combined ;  with  the 
exception  of  the  chrome  green,  and  perhaps  the  copper  green  of  Schweinfurt. 
Orange.     Annotto,  and  mixtures  of  red  and  yellow  dyes;  subchromate  of  lead. 
Brown.     See  the  remarks  at  the  beginning  of  this  article ;  Brown  in  its  alphabetical 
place  ;  Calico  Printing,  Catechu,  and  Manganese. 

Fawn,  Dun,  or  Root.     Walnut  peels,  sumach,  birch-tree,  henna,  sandal  wood.      See 
Calico  Printing,  for  a  great  variety  of  these  dyes. 

Figs.  364  and  365  represent  in  a  cross  and  longitudinal  section  the  automatic  dyeing 
stoam  copper,  so  generally  employed  in  the  well-appointed  factories  of  Lancashire. 

A  is  the  long  reel,  composed  at  each  end  of  six 
radial  iron  arms  or  spokes,  bound  at  their  outer  ex- 
tremities with  a  six-sided  wooden  frame ;  these  two 
terminal  hexagons  are  connected  by  long  wooden 
laths,  seen  above  and  below  a  in  fig.  365.  f  shows 
the  sloping  border  or  ledge  of  the  copper,  b  and  c 
are  rollers  laid  horizontally,  for  facilitating  the  con- 
tinuous motion  of  the  series  of  pieces  of  goods 
stitched  together  into  an  endless  web,  which  are 
made  to  travel  by  the  incessant  rotations  of  the  reel. 
Immediately  above  the  roller  b  in  fig.  364,  all  the 
spare  foldings  of  the  web  are  seen  resting  upon  the 
sloping  wooden  grating,  which  guides  them  onwards 
in  the  direction  indicated  by  the  arrow.  The  dye 
stuffs  are  put  within  the  middle  grating,  like  a  hen- 
coop, marked  G.  Each  copper  is  6  feet  long,  3|  feet 
wide,  31  feet  deep,  exclusive  of  the  top  ledge,  9 
inches  high.  Such  steam  coppers  are  usually  erected 
in  pairs,  and  moved  by  a  common  horizontal  bevel 
wheel  seen  at  d  in  fig.  365,  fixed  upon  a  vertical  shaft. 


shifted  into  gear  by  a  wheel  at  its  top,  with  one  of  the  driving  shafts  of  the  factory.  Upon 
each  side  of  d,  the  two  steam  pipes  for  supplying  the  right  and  left  hand  coppers  are 
seen  ;  each  provided  with  a  stop  cock  for  admitting,  regulating,  or  cutting  off  the  steam. 
These  steam  pipes  descend  at  e  e,  the  horizontal^  branch  having  several  orifices  in-  its 
upper  surface.  Tlie  horizontal  shaft  in  a  line  with  the  axes  of  the  reels,  and  which 
turns  them,  is  furnished  upon  each  side  with  a  clutch  for  putting  either  of  the  reels  into 
or  out  of  gear,  that  is  to  say,  setting  it  a  going,  or  at  rest,  in  a  moment  by  the  touch  of  a 
forked  lever. 

The  steam  pii)e  of  distribution  e  lies  horizontally  near  the  bottom  of  the  middle  coop, 
as  shown  under  g  in  fig.  364,  and  sends  up  the  steam  through  its  numerous  orifices, 
among  the  dye-stuifs  and  water  by  which  it  is  covered.     Thus  the  infusion  or  decoc- 
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tion  is  continually  advancing  in  the  copper,  during  the  incessant  loco-motion  of  the  end* 
less  web.  The  horizontal  pipe  traverses  the  copper  from  end  to  end,  and  is  not  stopped 
short  in  the  middle.  Each  of  these  coppers  can  receive  two,  three,  or  more  parallel  pieces 
of  goods  at  a  time,  the  reel  and  copper  beiag  divided  into  so  many  compartments  by  trans- 
verse wooden  spars. 


E. 

EARTHS.  {Terns,  Fr. ;  Erden,  Germ.)  Modern  science  has  demonstrated  that  the 
substances  called  primitive  earths,  and  which  prior  to  the  great  electro-chemical  career 
of  Sir  H.  Davy,  were  deemed  to  be  elementary  matter,  are  all  compounds  of  certain 
metallic  bases  and  oxygen,  with  the  exception  of  silica,  whose  base,  silicon,  being  analo- 
gous to  boron,  has  led  that  compound  to  be  regarded  as  an  acid ;  a  title  characteristic 
of  the  part  it  extensively  performs  in  neutralizing  alkaline  bodies,  in  mineral  nature, 
and  in  the  processes  of  art.  Four  of  the  earths,  when  pure,  possess  decided  alkaline 
properties,  being  more  or  less  soluble  in  water,  having  (at  least  three  of  them)  an  acrid 
alkaline  taste,  changing  the  purple  infusion  of  red  cabbage  to  green,  most  readily  satu- 
rating the  acids,  and  affording  thereby  neutro-saline  crystals.  These  lour  are  baryta, 
strontia,  lime  (calcia),  and  magnesia.  The  earths  proper  are  five  in  number  ;  alumina, 
glucina,  yttria,  zirconia,  and  thorina.  These  do  not  change  the  color  of  infusion  of  cab- 
bage or  tincture  of  litmus,  do  not  readily  neutralize  acidity,  and  are  ;[uite  insoluble  in 
water.  The  alkalis  are  soluble  in  water,  even  when  carbonated  ;  a  property  which  dis- 
tinguishes them  from  the  alkaline  earths.  Lithia  must  for  this  reason  be  considered  to 
be  an  alkali.     See  the  above  substances  in  their  alphabetical  places. 

EAU  DE  COLOGN^E.  This  preparation  has  long  possessed  great  celebrity,  in  con- 
sequence chiefly  of  the  numerous  virtues  ascribed  to  it  by  its  venders;  and  is  resorted  to 
by  many  votaries  of  fashion  as  a  panacea  against  ailments  of  every  kind.  It  is  however 
nothing  more  than  aromatized  alcohol,  and  as  such,  an  agreeable  companion  of  the  toilet. 
Numerous  fictitious  recipes  have  been  offered  for  preparing  eau  de  Cologne;  the  fol- 
lowing may  be  reckoned  authentic,  having  been  imparted  by  Farina  himself  to  a 
friend. 

Take  60  gallons  of  silent  brandy;  sage,  and  thyme,  each  6  drachms  ;  balm-mint  and 
spearmint,  each  12  ounces  ;  calamus  aromaticus,  4  drachms  ;  root  of  angelica,  2  drachms ; 
camphor,  1  drachm ;  petals  of  roses  and  violets,  each  4  ounces ;  flowers  of  lavender,  2 
ounces;  flowers  of  orange,  4  drachms;  wormwood,  1  ounce;  nutmegs,  cloves,  cassia 
lignea,  mace,  each  4  drachms.  Two  oranges  and  two  lemons,  cut  in  pieces.  Allow 
the  whole  to  macerate  in  the  spirit  during  24  hours,  then  distil  off  40  gallons  by  the  heat 
of  a  water'l)ath.     Add  to  the  product : 

Essence  of  lemons,  of  cedrat,  of  balm-mint,  of  lavender,  each  1  ounce  4  drachms ; 
neroli  and  essence  of  the  seed  of  anthos,  each  4  drachms;  essence  of  jasmin,  1  ounce; 
of  bergamot,  12  ounces.     Filter  and  preserve  for  use. 

Cadet  Gassincourt  has  proposed  to  prepare  eau  de  Cologne  by  the  following  recipe : 
Take  alcohol  at  32°  B.,  2  quarts ;  neroli,  essence  of  cedrat,  of  orange,  of  lemon,  of  ber- 
gamot, of  rosemary,  each  24  drops ;  add  2  drachms  of  the  seeds  of  lesser  cardamoms, 
distil  by  the  heat  of  a  water  bath  a  pint  and  a  half.  When  prepared  as  thus  by  simple 
mixture  of  essences  without  distillation,  it  is  never  so  good. 

EAU  DE  LUCE  is  a  compound  formed  of  the  distilled  oil  of  amber  and  water  of  am- 
monia. 

ELEMI  is  a  resin  which  exudes  from  incisions  made  during  dry  weather  through 
the  bark  of  the  amyris  ekmifera,  a  tree  which  grows  in  South  America  and  Brazil.  It 
comes  to  us  in  yellow,  tender,  transparent  lumps,  which  readily  soften  by  the  heat  of  the 
hand.  They  have  a  strong  aromatic  odor,  a  hot  spicy  taste,  and  contain  12^  per  cent,  of 
ethereous  oil.  The  crystalline  resin  of  elemi  has  been  called  Elemim.  It  is  used  in  ma- 
king lacker,  to  give  toughness  to  the  varnish. 

EBULLITION.  (Eng.  and  Fr.;  Kochen,  Germ.)  When  the  bottom  of  an  open 
vessel  containing  water  is  exposed  to  heat,  the  lowest  stratum  of  fluid  immediately 
expands,  becomes  therefore  specifically  lighter,  and  is  forced  upwards  by  the  superior  grav- 
ity of  the  superincumbent  colder  and  heavier  particles.  The  heat  is  in  this  way  diffused 
through  the  whole  liquid  mass,  not  by  simple  communication  of  that  power  from  par- 
ticle to  particle  as  in  solids,  called  the  conduction  of  caloric,  but  by  a  translation  of  the 
several  particles  from  the  bottom  to  the  top,  and  the  lop  to  the  bottom,  in  alternate 
succession.  This  is  denominated  the  carrying  power  of  fluids,  being  common  to  both 
liquid  and  gaseous  bodies.  These  internal  movements  may  be  rendered  very  conspi- 
cuous and  instructive,  by  mingling  a  little  powdered  amber  with  water,  contained  in  a 
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tall  glass  cylinder,  standing  upon  a  sand-bath.  A  column  of  the  heated  and  lighter 
particles  will  be  seen  ascending  near  the  axis  of  the  cylinder,  surrounded  by  a  hollow 
column  of  the  cooler  ones  descending  near  the  sides.  That  this  molecular  translation 
or  locomotion  is  almost  the  sole  mode  in  which  fluids  get  heated,  may  be  demonstrated 
by  placing  the  middle  of  a  pretty  long  glass  tube,  nearly  filled  with  water,  obliquely 
over  an  argand  flame.  The  upper  half  of  the  liquid  will  soon  boil,  but  the  portion  under 
the  middle  will  continue  cool,  so  that  a  lump  of  ice  may  remain  for  a  considerable  time  at 
the  bottom.  When  the  heat  is  rapidly  applied,  the  liquid  is  thrown  into  agitation,  in 
consequence  of  elastic  vapor  being  suddenly  generated  at  the  bottom  of  the  vessel,  and 
being  as  suddenly  condensed  at  a  little  distance  above  it  by  the  surrounding  cold 
columns.  These  alternate  expansions  and  contractions  of  volume  become  more  manifest 
as  the  liquid  becomes  hotter,  and  constitute  the  simmering  vibratory  sound  which 
is  the  prelude  of  ebullition.  The  whole  mass  being  now  heated  to  a  pitch  compatible 
with  its  permanent  elasticity,  becomes  turbulent  and  explosive  under  the  continued 
influence  of  fire,  and  emitting  more  or  less  copious  volumes  of  vapor,  is  said  to 
boil.  The  further  elevation  of  temperature,  by  the  influence  of  caloric,  becomes 
impossible  in  these  circumstances  with  almost  all  liquids,  because  the  vapor  car- 
ries off  from  them  as  much  heat  in  a  latent  state  as  they  are  capable  of  receiving  from 
the  fire. 

The  temperature  at  which  liquids  boil  in  the  open  air  varies  with  the  degree  of  atmo- 
spheric pressure,  being  higher  as  that  is  increased,  and  lower  as  it  is  diminished.  Hence 
boiling  water  is  colder  by  some  degrees  in  bad  weather,  or  in  an  elevated  situation,  with 
a  depressed  barometer,  than  in  fine  weather,  or  at  the  bottom  of  a  coal-pit,  when  the 
barometef  is  elevated.  A  high  column  of  liquid,  also,  by  resisting  the  discharge 
of  the  steam,  raises  the  boiling  point.  In  vacuo,  all  liquids  boil  at  a  temperature  about 
124°  F.  lower  than  under  the  average  atmospheric  pressure.  For  a  table  of  elasticities, 
see  Vapor.  Gay  Lussac  has  shown  that  liquids  are  converted  into  vapors  more  readily, 
or  with  less  turbulence,  when  they  are  in  contact  with  angular  or  irregular,  than 
with  smooth  surfaces ;  that  they  therefore  boil  at  a  heat  2°  F.  lower  in  metallic  than  in 
glass  vessels,  probably  owing  to  the  greater  polish  of  the  latter.  For  example,  if  into 
water  about  to  boil  in  a  glass  matrass,  iron  filings,  ground  glass,  or  any  other  insoluble 
powder  be  thrown,  such  a  brisk  ebullition  will  be  instantly  determined  as  will  sometimes 
throw  the  water  out  of  the  vessel ;  the  temperature  at  the  same  time  sinking  two  degrees 
F.  It  would  thence  appear  that  the  power  of  caloric,  like  that  of  electricity,  becomes 
concentrated  by  points. 

The  following  table  exhibits  the  boiling  heats,  by  Fahrenheit's  scale,  of  the  most  im- 
portant liquids  : — 


Ether,  specific  gravity  0-7365  at  48° 
Carburet  of  sulphur 


Alcohol,  sp, 

.  grav.  0-i 

813  - 

- 

- 

. 

Ure 

Nitric  acid. 

1-500  - 

. 

- 

. 

Dalton 

Water 

. 

- 

. 

. 

. 

. 

Saturated  solution  of  Glauber  salt 

. 

. 

Biot 

do. 

do. 

Acetate  of  lead 

. 

. 

do. 

do. 

do. 

Sea  salt 

. 

. 

_ 

do. 

do. 

do. 

Muriate  of  lime. 

- 

. 

Ure 

do. 

do. 

do. 

1  -h  water  2,   do. 

do. 

do. 

do. 

35-5  + 

do.  1 

64-5,  do. 

do. 

do. 

do. 

40-5  + 

do.  1 

59-5,  do. 

Muriatic  acid,  i 

sp.  gl 

-.  1-094 

. 

. 

. 

Dalton 

do. 

do. 

1-127 

. 

. 

. 

do. 

Nitric  acid, 

do. 

1-420 

. 

_ 

. 

do. 

do. 

do. 

1-30 

. 

. 

. 

do. 

Rectified  petrol 

eum 

- 

. 

- 

Ure 

Oil  of  turpentine 

- 

_ 

. 

do. 

Sulphuric  acid, 

sp.  gl 

-.  1-848 

. 

- 

. 

Dalton 

do. 

do. 

1-810 

. 

. 

. 

do. 

do. 

do. 

1-780 

. 

_ 

. 

do. 

do. 

do. 

1-700 

. 

_ 

. 

do. 

do. 

do. 

1-650 

. 

_ 

. 

do. 

do. 

do. 

1-520 

. 

. 

. 

do. 

do. 

do. 

1-408 

. 

_ 

. 

do. 

do. 

do. 

1-300 -f 

. 

_ 

„ 

do. 

Phosphorus 

. 

. 

- 

_ 

. 

do. 

Sulphur   - 

. 

. 

- 

_ 

_ 

do. 

Linseed  oil 

- 

. 

- 

. 

. 

do. 

100° 
113 
173-5 
210 
212 
2131 
215f 
224§ 
285 
230 
235 
240 
232 
222 
248 
236 
306 
316 
600 
473 
435 
374 
350 
290 
260 
240 
554 
570 
640 


. 

Dulong 

-      662P 

. 

Crighton 

-       656 

g  60  per  cent. 

Griffiths 

-       256 

60 

do. 

-       246 

90 

do. 

-      240 

74 

do. 

-      238 

50 

do. 

-       236 

68 

do. 

-      234 

30 

do. 

-      224 

57-5 

do. 

-       222 

52-5 

do. 

-       222 

? 

do. 

-      222 

? 

do. 

-      220 

52 

do. 

-      220 

40 

do. 

-       218 

45 

do. 

-      216 
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Mercury  -  -           -           -           - 

do. 

Saturated  solution  of  acetate  of  soda,  containing  60  per  cent 

do.  Niirate  of  soda, 

do.  Rochelle  salt, 

do.  Nitre, 

do.  Muriate  of  ammonia, 

do.  Tartrate  of  potash, 

do.  Muriate  of  soda, 

do.  Sulphate  of  magnesia, 

do.  Borax, 

do.  Phosphate  of  soda, 

do.  Carbonate  of  soda, 

do.  Alum, 

do.  Chlorate  of  potash, 

do.  Sulphate  of  copper, 

EDULCORATE  (Edulcorer,  Fr. ;  Jussnssen,  Germ.)  is  a  word  introduced  by  the 
alchemists  to  signify  the  sweetening,  or  rather  rendering  insipid,  of  acrimonious  pulveru- 
lent substances,  by  copious  ablutions  with  water.  It  means,  in  modern  language,  the 
washin?  away  of  all  particles  soluble  in  water,  by  agitation  or  trituration  with  this  fluid, 
and  subsequent  tiecantation  or  filtration. 

EFFERVESCENCE.  (Eng.  and  Fr. ;  Jvfbrausen,  Germ.)  When  gaseous  matter  is 
suddenly  extricated  with  a  hissing  sound  during  a  chemical  mixture,  or  by  the  application 
of  a  chemical  solvent  to  a  solid,  the  phenomenon,  from  its  resemblance  to  that  of  sim- 
mering or  boiling  water,  is  called  effervescence.  The  most  familiar  example  is  afforded 
in  the  solution  of  sodaic  powders ;  in  which  the  carbonic  acid  gas  of  sesqui-carbonate  of 
soda  is  extricated  by  the  action  of  citric  or  tartaric  acid. 

EFFLORESCENCE  (Eng.  and  Fr. ;  Verwittern,  Germ.)  is  the  spontaneous  conver- 
sion of  a  solid,  usually  crystalline,  into  a  powder,  in  consequence  either  of  the  abstrac- 
tion of  the  combined  water  by  the  air,  as  happens  to  the  crystals  of  sulphate  and  car- 
bonate of  soda ;  or  by  the  absorption  of  oxygen  and  the  formation  of  a  saline  compound, 
as  in  the  case  of  alum  schist,  and  iron  pyrites.  Saltpetre  appears  as  an  efflorescence 
upon  the  ground  and  walls  in  many  situations. 

EDGK-TOOLS.     See  Cutlk.ry  and  Steel. 

EGGS,  HATCHING.     See  Incubation,  Artificial. 

EIDER-DOWN  is  a  kind  of  precious  down,  so  called  because  it  is  obtained  from  the 
Eider-d\ick.  These  birds  build  their  nests  among  precipitous  rocks,  and  the  female  lines 
them  with  fine  feathers  plucked  from  her  breast,  among  which  she  lays  her  five  eggs. 
The  natives  of  the  districts  freijuented  by  the  eider-ducks  let  themselves  down  by  cords 
among  the  dancrerous  cliffs,  to  collect  the  down  from  the  nests.  It  is  used  to  fill  cover- 
lets, pillows,  cushions,  &c. 

ELAINE  is  the  name  given  by  Chevreul  to  the  thin  oil  which  may  be  expelled 
from  tallow,  and  other  fats,  solid  or  fluid,  by  pressure  either  in  their  natural  slate,  or 
after  being  saponified,  so  as  to  harden  the  slearine.  It  may  be  extracted  also  by  digesting 
the  fat  in  7  or  8  times  its  weight  of  boiling  alcohol,  spec.  grav.  0-798,  till  it  dissolves 
the  whole.  Upon  cooling  the  solution,  the  stearine  falls  to  the  bottom,  while  the  elaine 
collects  in  a  layer  like  olive  oil,  upon  the  surface  of  the  supernatant  solution,  reduced  by 
evaporation  to  one  eisjlith  of  its  bulk.  If  this  elaine  be  now  exposed  to  a  cold  tempera- 
ture, it  will  deposite  its  remaining  stearine,  and  become  pure.  See  Fat,  Oils,  and 
Stearine. 

ELASTIC  BANDS.  (Tissus  Elastiques,  Fr. ;  Federharz-zeige,  Germ.)  The  manu- 
facture of  braces  and  garters,  with  threads  of  caoutchouc,  either  naUed  or  covered, 
seems  to  have  originated,  some  time  ago,  in  Vienna,  whence  it  was  a  few  years  since 
imported  into  Pari?,  and  thence  into  this  country.  At  first  the  pear-shaped  bottle  of 
Indian  rubber  was  cut  into  long  narrow  strips  by  the  scissors;  a  single  operative 
turnins:  off  only  about  100  yards  in  a  day,  by  cutting  the  pear  in  a  spiral  direction.  He 
succeeded  next  in  separating  with  a  pair  of  pincers  the  several  layers  of  which  the  bottle 
was  composed.  Another  mode  of  obtaining  fine  threads  was  to  cut  them  out  of  a  bottle 
which  had  been  rendered  tiiin  by  inflation  with  a  forcing  pump.  All  these  operations 
are  facilitated  by  previously  steeping  the  caoutchouc  in  boiling  water,  in  its  moderately 
inflated  state.  More  recently,  machines  have  been  successfully  employed  for  cutting 
out  these  filaments,  but  for  this  purpose  the  bottle  of  caoutchouc  is  transformed  into 
a  disc  of  equal  thickness  in  all  its  parts,  and  perfectly  circular.  This  preliminary  opera- 
tion is  executed  as  follows:  1.  the  bottle,  softened  in  hot  water,  is  squeezed  betweea 
the  two  plates  of  a  press,  the  neck  having  been  removed  beforehand,  as  useless  in  this 
point  of  view ;  2.  the  bottle  is  then  cut  into  two  equal  parts,  and  is  allowed  to  con- 
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solidate  by  cooling  before  subjecting  it  to  the  cutting  instrument.  When  the  bottle  is 
strong  enough,  and  of  variable  thickness  in  its  different  points,  each  half  is  submitted  to 
powerful  pressure  in  a  very  strong  cylindrical  mould  of  metal,  into  which  a  metallic 
plunger  descends,  which  forces  the  caoutchouc  to  take  the  form  of  a  flat  cylinder  with  a 
circular  base.  The  mould  is  plunged  into  hot  water  during  the  compression.  A  stem  or 
rod  of  iron,  which  goes  across  the  hollow  mould  and  piston,  retains  the  latter  in  its  place, 
notwithstanding  the  resilience  of  the  caoutchouc,  when  the  mould  is  taken  from  the  press. 
The  mould  being  then  cooled  in  water,  the  caoutchouc  is  withdrawn. 

The  transformation  of  the  disc  of  caoutchouc  into  fine  threads  is  performed  by  two 
machines ;  the  first  of  which  cuts  it  into  a  riband  of  equal  thickness  in  its  whole  extent, 
running  in  a  spiral  direction  from  the  circumference  to  the  centre ;  the  second  subdi- 
vides this  riband  lengthwise  into  several  parallel  filaments  much  narrower  but  equally 
thick. 

The  followmg  fgs.  3G6,  367,  368,  represent  the  machine  for  cutting  the  spiral  riband. 
The   disc  d,  placed   horizontally,  turns   round   its   vertical   axis,  so   as   to  present   its 


366 


367 


periphery  to  the  edge  of  a  knife  c,  formed  like  a  circular  blade,  whose  plane  is  perpen- 
dicular to  that  of  the  bases  of  the  disc.  This  knife  turns  round  its  centre,  which  is 
fixed.  The  rotatory  motion  of  the  disc  forces  the  knife  to  penetrate  further  and  further 
into  its  mass,  and  the  motion  of  the  knife  itself  makes  it  cut  the  riband  more  easily.  It 
is  obvious,  that  if  the  disc  alone  revolve,  the  motionless  knife  could  act  only  by  pressure 
and  would  meet  with  an  enormous  resistance.  A  third  movement  becomes  necessary. 
In  proportion  as  the  disc  is  diminished  by  the  removal  of  the  spiral  band,  the  centre  of 
this  disc  must  advance  upon  the  knife,  in  order  that  the  riband  may  have  always  the 
same  breadth.  The  inspection  of  fig.  368  will  make  the  accordance  of  the  three  motions 
intelligible. 

The  knife  c  is  placed  upon  a  shaft  or  axis  A,  which  carries  a  pulley,  round  which  a 
belt  or  cord  runs  which  drives  the  whole  machine.  This  knife  is  six  inches  in  diameter. 
In  order  that  by  being  kept  cool  it  may  cut  the  caoutchouc  better,  it  is  plunged  at  its 
lower  part  into  a  trough  b,  full  of  water ;  a  stopcock  r,  serves  to  empty  this  trough. 

The  shaft  a  bears  a  pinion  p,  which  takes  into  a  wheel  r,  placed  upon  the  shaft  a'; 
upon  which  there  is  cut  a  worm  or  endless  screw,  v,  v.  This  worm  bears  a  nut  e, 
which  advances  as  the  screw  turns,  and  carries  with  it  a  tie  l,  which  in  its  turn  pushes 
the  disc  D,  carried  upon  a  shoulder  constantly  towards  the  knife.  This  shoulder  is 
guided  by  two  ears  which  slide  in  two  grooves  cut  in  the  thickness  of  the  table.  The 
diameter  of  the  pinion  p  is  about  one  fifth  of  that  of  the  wheel  r  ;  so  that  the  arbor 
A  turns  five  times  less  quickly  than  the  arbor  a'  ;  and  the  fineness  of  the  screw  v  contri- 
butes further  to  slacken  the  movement  of  translation  of  the  disc. 

When  the  disc  is  all  cut  down,  the  shoulder,  the  tie,  and  the  nut,  are  brought  back 
to  their  ori,ginal  position  by  lifting  the  nut,  which  is  hinged  on.  The  disc  is  fixed 
upon  the  shoulder  by  means  of  sharp  points,  and  an  upper  washer.  The  shoulder  and 
the  washer  have  a  very  small  diameter,  in  order  that  the  knife  may,  in  cutting  down  the 
disc,  advance  as  near  as  possible  to  the  centre. 

The  rotatory  movement  of  the  disc  and  its  shoulder,  is  given  by  an  endless  screw 
w,  w,  which  governs  a  pinion  p',  provided  with  10  teeth,  and  carried  by  the  shaft  A, 
upon  which  the  shoulder  is  mounted.  The  arbor  a'  of  this  endless  screw  receives 
its  motion  from  the  first  shaft  A,  by  means  of  the  wheels  s  and  s'  mounted  upon  these 
shafts,  and  of  an  intermediate  wheel  s".  This  wheel,  of  a  diameter  equal  to  that  of 
the  shaft  a",  is  intended  merely  to  allow  this  shaft  to  recede  from  the  shaft  a.  The 
diameter  of  the  wheel  of  this  last  shaft  is  to  that  of  the  two  others  in  the  ratio  of  10 
to  8. 
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Second  machine  for  subdividing  the  ribands.  Fig.  369. — The  riband  is  engaged 
between  the  circular  knives,  c,  c,  which  are  mounted  upon  the  rollers  b,  r  ;  thin  brass 
washers  keep  these  knives  apart  at  a  distance  which  may  be  varied,  and  two  extreme 
washers  mounted  with  screws  on  each  roller  maintain  the  whole  system.  The  axes  of 
these  rollers  traverse  two  uprights  m,  m,  furnished  with  brasses,  and  with  adjusting 
screws  to  approximate  them  at  pleasure.    The  axis  of  the  lower  roller  carries  a  wheel 
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r,  which  takes  into  another  smaller  wheel  r',  placed  upon  the  same  shaft  as  the  pulley  p, 
which  is  driven  by  a  cord.  The  diameter  of  the  wheel  r  is  three  times  greater  than  the 
wheel  r'.  The  pulley  p  is  twice  the  size  of  the  wheel  r' ;  and  its  cord  passes  round  a 
drum  n,  which  drives  the  rest  of  the  machine. 

The  threads,  when  brought  to  this  state  of  slenderness,  are  put  successively  into  tubs 
filled  with  cold  water ;  they  are  next  softened  in  hot  water,  and  elongated  as  much  as 
possible  in  the  following  manner: — They  are  wound  upon  a  reel  turned  quickly,  while 
the  operative  stretches  the  caoutchouc  thread  with  his  hand.  In  this  way  it  is  rendered 
8  or  10  times  longer.  The  reels  when  thus  filled  are  placed  during  some  days  in  a  cold  • 
apartment,  where  the  threads  become  firm,  and  seem  to  change  their  nature. 

This  state  of  stiffness  is  essential  for  the  success  of  the  subsequent  operations.  The 
threads  are  commonly  covered  with  a  sheath  of  silk,  cotton,  or  linen,  by  a  braiding  ma- 
chine, and  are  then  placed  as  warp  in  a  loom,  in  order  to  form  a  narrow  web  for  braces, 
garters,  &c.  If  the  gum  were  to  exercise  its  elasticity  during  this  operation,  the  dif- 
ferent threads  would  be  lengthened  and  shortened  in  an  irregular  manner,  so  as  to  form 
a  puckered  tissue.  It  is  requisite  therefore  to  weave  the  threads  in  their  rigid  and  in- 
extensible,  or  at  least  incontractile  condition,  and  after  the  fabric  is  woven  to  restore 
to  the  threads  of  caoutchouc  their  appropriate  elasticity.  This  restoration  is  easily 
effected  by  passing  a  hot  smoothing  iron  over  the  tissue  laid  smoothly  upon  a  table  covered 
with  blanket  stuff.     See  Braiding  Machine. 

ELECTIVE  AFFINITY  (Wahherwandtschaft,  Germ.)  denotes  the  order  of  pre- 
ference, so  to  speak,  in  which  the  several  chemical  substances  choose  to  combine ;  or 
really,  the  gradation  of  attractive  force  infused  by  Almighty  Wisdom  among  the  different 
objects  of  nature,  which  determines  perfect  uniformity  and  identity  in  their  compounds 
amidst  indefinite  variety  of  combination.  The  discussion  of  this  interesting  subject  belongs 
to  pure  chemistry.     See  Decomposition. 

ELEMENTS,  (Eng.  and  Fr.  ;  Grundstoffe,  Germ.)  The  ancients  considered  fire, 
air,  water,  and  earth,  as  simple  substances,  essential  to  the  constitution  of  all  terrestrial 
beings.  This  hypothesis,  evidently  incompatible  with  modern  chemical  discovery,  may 
be  supposed  to  correspond,  however,  to  the  four  states  in  which  matter  seems  to  exist ; 
namely,!,  the  unconfinable  powers  of  fluids — caloric,  light,  electricity ;  2.  ponderable 
gases,  or  elastic  fluids  ;  3.  liquids;  4.  solids.  The  three  elements  of  the  alchemists, 
salt,  earth,  mercury,  were,  in  their  sense  of  the  word,  mere  phantasms. 

In  modern  science,  the  term  Element  signifies  merely  a  substance  which  has  not  yet 
been  resolved  by  analysis  into  any  simple  form  of  matter;  and  it  is  therefore  synonymous 
with  undecompounded.  This  class  comprehends  54  different  bodies,  of  which  no  less 
than  41  are  metallic.  Five  may  be  styled  ^rchceal,  from  the  intensity  and  universality 
of  their  affinities  for  the  other  bodies,  which  they  penetrate,  corrode,  and  apparently 
consume,  with  the  phenomena  of  light  and  heat.  These  5  are  chlorine,  oxygen,  iodine, 
bromine,  fluorine.  Eight  elements  are  eminently  inflammable  when  acted  upon  by  any 
of  the  preceding  five,  and  are  thereby  converted  into  incombustible  compounds.  The 
simple  non-metallic  inflammables  are  hydrogen,  azote,  sulphur,  phosphorus,  selenium,  carbon, 
boron,  silicon. 

The  following  table  exhibits  all  the  undecompounded  bodies  in  alphabetical  order, 
with  their  prime  equivalent  numbers,  atomic  weights,  or  reciprocal  combining  and 
saturating  proportions,  as  given  by  Berzelius,  in  reference  to  oxygen,  reckoned 
100,000:  — 
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Table  of  undecompounded  Bodies,  or  modern  Chemical  Elements. 

A  signifies  Archseal  ;  I,  Inflammable  ;  M,  Metal. 


Alumium 

M. 

171,167 

Mercury 

M. 

1265,822 

Antimony 

— 

80G,542 

Molybdenum 

— 

598,525 

Arsenic 

— 

470,012 

Nickel 

— 

369,675 

Azote 

I. 

88,518 

Osmium 

— 

1244,210 

Barium 

M. 

856,880 

Oxygen 

A. 

100,000 

Bismuth 



886,000 

Palladium 

M. 

665,840 

Boron 

I. 

135,983 

Phosphorus 

I. 

196,155 

Bromine 

A. 

489,150 

Platinum 

M. 

1233,260 

Cadmium 

M. 

696,970 

Rhodium 

— 

651,400 

Calcium 

— 

256,019 

Selenium 

I. 

494,582 

Carbon 

I. 

76,437 

Silicon 

— 

277,478 

Cerium 

M. 

574,718 

Silver 

M. 

675,804 

Ciilorine 

A. 

221,325 

Strontium 

— 

547.283 

Chromium 

M. 

351,819 

Sulphur 

I. 

201,165 

Cobalt 



369,991 

Tantalum 

M. 

153,713 

Copper 



395,695 

Tellurium 

— 

801,760 

Fhiorine 

I. 

116,900 

Thorinum 

— 

744,900 

Gold 

M. 

1243,013 

Tin 

— 

735,294 

Hydrogen 

I.                   • 

62,398 

Titanium 

— 

803,686 

Iodine 

A. 

789,145 

Tungsten 

— 

1183,000 

Iridium 

M. 

1233,260 

Uranium 

— 

2711,360 

Iron 



339,213 

Vanadium 

— 

855,840 

Lead 

— 

1294,489 

Yttrium 

— 

401,840 

Lithium 

— 

81,320 

Zinc 

— 

403,226 

Magnesium 

— 

158,353 

Zirconium 

— 

420,238 

Manganesium 

— 

345,900 

ELUTRIATE.  (Soutirer,  Fr. ;  Schlemmen,  Germ.)  When  an  insoluble  pulverulent 
matter,  like  whitening  or  ground  Hints,  is  diffused  through  a  large  body  of  water,  and  the 
mixture  is  allowed  to  settle  for  a  little,  the  larger  particles  will  subside.  If  the  superna- 
tant liquid  be  now  carefully  decanted,  or  run  off,  with  a  syphon,  it  will  contain  an  im- 
palpable powder,  which  on  repose  will  collect  at  the  bottom,  and  may  be  taken  out  to  dry. 
This  process  is  called  elutriation. 

EMBALMING  {Emhaument,  Fr. ;  Eitibalsamen,  Germ.)  is  an  operation  in  Avhich 
balsams  (baumes,  Fr.)  were  employed  to  preserve  human^corpses  from  putrefaction; 
whence  the  name. 

The  ancient  Egyptians  had  recourse  to  this  process  for  preserving  the  bodies  of  numer- 
ous families,  and  even  of  the  animals  which  they  loved  or  worshipped.  An  excellent 
account  of  their  methods  is  given  in  Mr.  Pettigrew's  work  upon  Mummies.  Modern 
chemistry  has  made  us  acquainted  with  many  means  of  counteracting  putrefaction  more 
simple  and  efficacious  than  the  Egyptian  system  of  salting,  smoking,  spicing,  and  bitu- 
minizin?.     See  Putrefaction. 

EMBOSSING  WOOD.  ( Bossage,  Fr. ;  Erhabenes  Arbeit,  Gexm.)  Raised  figures  upon 
wood,  such  as  are  employed  in  picture  frames  and-  other  articles  of  ornamental  cabinet 
work,  are  usually  produced  by  means  of  carving,  or  by  casting  the  pattern  in  plaster  of 
Paris,  or  other  composition,  and  cementing,  or  otherwise  fixing  it  on  the  surface  of  the 
wood.  The  former  mode  is  expensive ;  the  latter  is  inapplicable  on  many  occasions. 
The  invention  of  Mr.  Streaker  may  be  used  either  by  itself,  or  in  aid  of  carving ;  and 
depends  on  the  fact,  that  if  a  depression  be  made  by  a  blunt  instrument  on  the  surface  of 
the  wood,  such  depressed  part  will  again  rise  to  its  original  level  by  subsequent  immersion 
in  the  water. 

The  wood  to  be  ornamented  having  been  first  worked  out  to  its  proposed  shape,  is  in  a 
state  to  receive  the  drawing  of  the  pattern  ;  this  being  put  on,  a  blunt  steel  tool,  or  burn- 
isher, or  die,  is  to  be  applied  successively  to  all  those  parts  of  the  pattern  intended  to  be 
in  relief,  and,  at  the  same  time,  is  to  be  driven  very  cautiously,  without  breaking  the 
grain  of  the  wood,  till  the  depth  of  the  depression  is  equal  to  the  intended  prominence 
of  the  figures.  -  The  ground  is  then  to  be  reduced  by  planing  or  filing  to  the  level  of  the 
depressed  part;  after  which,  the  piece  of  wood  being  placed  in  water,  either  hot  or  cold, 
the  part  previously  depressed  will  rise  to  its  former  height,  and  will  then  form  an  embossed 
pattern,  which  may  be  finished  by  the  usual  operations  of  carving. 

For  this  invention  the  Society  of  Arts  voted  to  Mr.  Streaker  their  silver  Isis  medal  and 
ten  guineas. 

EMBOSSING  CLOTH.  Mr.  Thomas  Greig,  of  Rose  Bank,  near  Bury,  patented 
an  invention,  in  November,  1835,  which  consists  in  an  ingenious  construction  of  machinery 

28 


434 


EMBOSSING  CLOTH. 


370* 


for  both  embossing  and  printins:  silk,  cotton,  woollen  cloth,  paper,  and  other  fabrics,  in 

one  or  more  colors,  at  one  operation. 

Figs.  370,  370*  represent  three  distinct  printing  cylinders  of  copper,  or  other  suitnble 

material,  a,  n,  c,  with 
their  necessary  appen- 
danges  for  printing  three 
different  colors  upon 
the  fabric  as  it  passes 
through  the  machine  t 
either  of  these  cylinders 
A,  B,  or  c,  may  be  em- 
ployed as  an  embossing 
cylinder,  without  per- 
forming the  printing  pro- 
cess, or  may  be  made  to 
efl'ect  both  operations  at 
the  same  time. 

The  fabric  or  goods 
to  be  operated  upon  be- 
ing first  wound  tishtly 
upon  a  roller,  tliat  roller 
is  to  be  mounted  upon 
an  axle  or  pivot,  bearing 
in  arms  or  brackets  at 
the  back  of  the  machine, 
as  shown  at  n.  From 
this  roller  the  fabric 
a  a  a  a  is  conducted  be- 
tween tension  rails,  and 
passed  under  the  bed 
cylinder  or   paper   bowl 

E,  and  from  thence  pro- 
ceeds over  a  carrier  roller 

F,  and  over  steam  boxes 
not  shown  in  the  draw- 
ing, or  it  may  be  con- 
ducted into  a  hot  room, 
for  the  purpose  of  drying 
the  colors. 

The  cylinders  A,  b, 
and  c,  having  neither  en- 
graved or  raised  surfaces, 
are  connected  to  feeding 
rollers  b  b  b,  revolving 
in  the  ink  or  colored 
troughs  c  c  c ;  or  endless  felts,  called  sieves,  may  be  employed,  as  in  ordinary  printing 
machines,  for  supplying  the  color,  when  the  device  on  the  surface  of  the  cylinders  is 
raised:  these  cylinders  may  be  furnished  with  doctors  or  scrapers  when  required,  or  the 
same  may  be  applied  to  the  endless  felts. 

The  blocks  have  adjustable  screws  g  g,  for  the  purpose  of  bringing  the  C3'linders  up 
against  the  paper  bowl,  with  any  required  degree  of  pressure :  the  cylinder  b  is  support- 
ed by  its  gudgeons  running  in  blocks,  which  blocks  slide  in  the  lower  parts  of  the 
side  frames,  and  are  connected  to  perpendicular  rods  i,  having  adjustable  screw 
nuts. 

The  lower  parts  of  these  rods  bear  upon  weighted  levers  fe  k,  extending  in  front  of  the 
machine  ;  and  by  increasing  the  weights  1 1,  any  degree  of  upward  pressure  "nay  be  given 
to  the  cylinder  b. 

The  color  boxes  or  troughs  c  c  c,  carrying  the  feeding  rollers  b  b  b,  are  fixed  on  boards 
which  slide  in  grooves  in  the  side  frames,  and  the  rollers  are  adjusted  and  brought  into 
contact  wilh  the  surface  of  the  printing  cylinders  by  screws. 

If  a  back  cloth  should  be  required  to  be  introduced  between  the  cylindrical  bed  or 
paper  bowl  e,  and  the  fabric  a  a  a,  as  the  ordinary  felt  or  blanket,  it  may,  for  printing 
and  embossing  cotton,  silk,  or  paper,  be  of  linen  or  cotton  ;  but  if  woollen  goods  are  to 
be  operated  upon,  a  cap  of  felt,  or  some  such  material,  must  be  bound  round  the  paper 
bowl,  and  the  felt  or  blanket  must  be  used  for  the  back  cloth,  which  is  to  be  conducted 
over  the  rollers  h  and  i. 
For  the  purpose  of  embossing   the  fabric,  either  of  the  rollers  A,  a,  or  c,  may  be 
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employed,  obsorvins;  that  the  surface  of  the  roller  must  be  cut,  so  as  to  leave  the  pattern 
or  device  elevated  for  embossing  velvets,  plain  cloths,  and  papers ;  but  for  woollens  the 
device  must  be  excavated,  that  is,  cut  in  recess. 

The  pattern  of  the  embossinsj  cylinder  will,  by  the  opei-ation,  be  partially  marked 
through  ihe  fiibric  on  to  the  surface  of  the  paper  bowlE;  to  obliterate  which  marks 
from  the  surface  of  the  bowl,  as  it  revolves,  the  iron  cylinder  roller  g  is  employed  ;  but 
as  in  the  embossing  of  the  same  patterns  on  paper,  a  counter  roller  is  required  to 
produce  the  pattern  perfeclly,  the  iron  roller  is  in  that  case  dispensed  with,  the  impres- 
sion given  to  the  paper  bowl  being  required  to  be  retained  on  its  surface  until  the  opera- 
lion  is  finished. 

in  this  case  the  relative  circumferences  of  the  embossing  cylinder,  and  of  the  paper 
bowl,  must  be  exactly  proportioned  to  each  other ;  that  is,  the  circumference  of  the  bowl 
must  be  equal,  exactly,  to  a  given  number  of  circumferences  of  the  embossing  cylinder, 
very  accurately  measured,  in  order  to  preserve  a  perfect  register  or  coincidence,  as  they 
continue  revolving  between  the  pattern  on  the  surface  of  the  embossing  cylinder,  and 
that  indented  into  the  surface  of  the  paper  bowl. 

The  axle  of  the  paper  buwl  k,  turns  in  brasses  fitted  into  slots  in  the  side  frames,  and 
it  may  be  raised  by  hand  from  its  bearings  when  required,  by  a  lever  k,  extending  in 
front.  This  lever  is  atfixed  to  the  end  of  a  horizontal  shaft  l,  l,  crossing  the  machine 
seen  in  the  figures,  at  the  bac  v  of  which  shaft  there  are  two  segment  levers  p,  p,  to  which 
bent  rods  <i,  q.,  are  attached,  having  hooks  at  their  lower  ends,  passed  under  the  axle  of 
the  bowl.  At  the  reverse  end  of  the  shaft  l,  a  ratchet-wheel  r,  is  affixed,  and  a  pall  or 
click  mounted  on  the  side  of  the  frame  takes  into  the  teeth  of  the  wheel  r,  and  thereby 
holds  up  the  paper  bowl  when  required. 

When  Ihe  iron  roller  g,  is  to  be  brought  into  operation,  the  vertical  screws  t,  t,  mount- 
ed in  the  upper  parts  of  the  side  frames,  are  turned,  in  order  to  bring  down  the  brasses  N, 
which  carry  the  axle  of  that  roller  and  slide  in  slots  in  the  siJe  frames. 

The  cylmders  a,  b,  and  c,  are  represented  hollow,  and  may  be  kept  at  any  desired  tem- 
perature during  the  operation  of  priming,  by  introducing  steam  into  them  ;  and  under  the 
color  boxes  c,  c,  c,  hollow  chambers  are  also  made  for  the  same  purpose.  The  degree  of 
temperature  required  to  be  given  to  these  must  depend  upon  the  nature  of  the  coloring 
material,  and  of  the  goods  operated  upon.  For  the  purpose  of  conducting  steam  to  these 
hollow  cylinders  and  color  boxes,  pipes,  as  shown  at  v,v,  v,  are  attached,  which  lead  from 
a  steam  boiler.  But  when  either  of  these  cylinders  is  employed  for  embossing  alone,  or 
for  embossino-  and  printing  at  the  same  time,  and  particularly  for  some  kinds  of  goods 
where  a  higher  temperature  may  be  required,  a  red-hot  heater  is  then  introduced  into  the 
hollow  cylinder  in  place  of  steam. 

If  the  cylinder  b  is  employed  as  the  embossing  cylinder,  and  it  is  not  intended  to 
print  the  fabric  by  that  cylinder  simultaneously  with  the  operation  of  embossing,  the 
feeding  roller  b,  must  be  removed,  and  also  the  color  box  c,  belonging  to  that  cylin- 
der; and  the  cylinders  A  and  c,  are  to  be  employed  for  printing  the  fabric,  the  one 
api)lying  the  color  before  the  embossing  is  ell'ected,  the  other  after  it.  It  is  however 
to  be  remarked,  that  if  A,  and  c,  are  to  print  colors  on  the  fabric,  and  b  to  emboss  it, 
in  that  case  it  is  preferred,  where  the  pattern  would  allow  it.  A  and  c,  are  wooden  roll- 
ers having  the  pattern  upon  their  surfaces,  and  not  metal,  as  the  embossing  cylinders  must 
of  necessity  be. 

It  will  be  perceived  that  this  machine  will  print  one,  two,  or  three  colors  at  the  same 
time,  and  that  the  operation  of  embossing  may  be  performed  simultaneously  with  the 
printing,  by  either  of  ihe  cylinders  a,  b,  ore, or  the  operation  may  be  performed  consecu- 
tively by  the  cylinders,  either  preceding  or  succeeding  each  other. 

The  situations  of  the  doctors,  when  required  to  be  used  for  removing  any  superfluous 
color  from  the  surface  of  the  printing  cylinder,  are  shown  at  d,  d,  d ;  those  for  removing 
any  lint  which  may  attach  itself,  at  e,  e,  e.  They  are  kept  in  their  bearings  by  weighted 
levers  and  screws,  and  receive  a  slight  lateral  movement  to  and  fro,  by  means  of  the  ver- 
tical rod  m,  which  is  connected  at  top  to  an  eccentric,  on  the  end  of  the  axle  of  the  roller 
H,  and  at  its  lower  end  to  a  horizontal  rod  mounted  at  the  side  of  the  frame ;  lo  this  hori- 
zontal rod,  arms  are  attached,  which  are  connected  to  the  respective  doctors ;  and  thus, 
by  the  rotation  of  the  eccentric,  the  doctors  are  made  to  slide  laterally. 

When  the  cylinders  a,  b,  or  c,  are  employed  for  embossing  only,  those  doctors  will  not 
be  required.  The  driving  power  is  communicated  to  the  machine  from  any  first  mover 
through  the  agency  of  the  toothed  gear,  which  gives  rotatory  motion  to  the  cylinder  b, 
and  from  thence  to  the  other  cylinders  a,  and  c,  by  toothed  gear  shown  in yig.  370. 

EMBROIDERING  MACHINE.  (Machine  a  broder,  Fr. ;  Steckmaschine,  Germ.) 
This  art  has  been  till  of  late  merely  a  handicraft  employment,  cultivated  on  account  of  its 
elegance  by  ladies  of  rank.  But  a  few  years  ago  M.  Heilmann  of  Mulhause  invented  a  ma- 
chine of  a  most  ingenious  kind,  which  enables  a  female  to  embroider  any  design  with  80 
or  140  needles  as  accurately  and  expeditiously  as  she  formerly  could  do  with  one.    A  brief 
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account  of  this  remarkable  invention  will  therefore  be  acceptable  to  many  readers.  It 
■was  displayed  at  the  national  exposition  of  the  products  of  industry,  in  Paris  for  1834,  and 
■was  unquestionably  the  object  which  stood  highest  in  public  esteem ;  for  whether  at  rest 
or  in  motion,  it  was  always  surrounded  with  a  crowd  of  curious  visiters,  admiring  the 
figures  which  it  had  formed,  or  inspecting  its  movements  and  investigating  its  mechanism. 
130  needles  were  occupied  in  copying  the  same  pattern  with  perfect  regularity,  all  set  in 
motion  by  one  person. 

Several  of  these  machines  are  now  mounted  in  France,  Germany,  and  Switzerland. 
I  have  seen  one  factory  in  Manchester,  where  a  great  many  of  them  are  doing  beautiful 
■work. 

The  price  of  a  machine  having  130  needles,  and  of  consequence  260  pincers  or  fingers 
and  thumbs  to  lay  hold  of  them,  is  5000  francs,  or  200/.  sterling ;  and  it  is  estimated  to 
do  daily  the  work  of  15  expert  hand  embroiderers,  employed  upon  the  ordiaary  frame.  It 
requires  merely  the  labor  of  one  grown-up  person,  and  two  assistant  children.  The 
operative  must  be  well  taught  to  use  the  machine,  for  he  has  many  things  to  attend  to; 
with  the  one  hand  he  traces  out,  or  rather  follows  the  design  with  the  point  of  the  pan- 
tograph ;  with  the  other  he  turns  a  handle  to  plant  and  pull  all  the  needles,  which  are 
seized  by  pincers  and  moved  along  by  carriages,  approaching  to  and  receding  from  the 
web,  rolling  all  the  time  along  an  iron  railway  ;  lastly,  by  means  of  two  pedals,  upon 
which  he  presses  alternately  with  the  one  foot  and  the  other,  he  opens  the  130  pincers 
of  the  first  carriage,  which  ought  to  give  up  the  needles  after  planting  them  in  the  stuff, 
and  he  shuts  with  the  same  pressure  the  130  pincers  of  the  second  carriage,  ■which  is  to 
receive  the  needles,  to  draw  them  from  the  other  side,  and  to  bring  them  back  again. 
The  children  have  nothing  else  to  do  than  to  change  the  needles  when  all  their  threads 
are  used,  and  to  ste  that  no  needle  misses  its  pincers. 

This  machine  deserves  particular  attention,  because  it  is  no  less  remarkable  for  the 
happy  arrangement  of  its  parts,  than  for  the  effects  which  it  produces.  It  maybe  descri- 
bed under  four  heads  :  1.  the  structure  of  the  frame  ;  2.  the  disposition  of  the  web  ;  3.  the 
arrangement  of  the  carriages;  and  4.  the  construction  of  the  pincers. 

1.  The  structure  of  the  frame.  It  is  composed  of  cast-iron,  and  is  very  massive. 
Fig.  371  exhibits  a  front  elevation  of  it.  The  length  of  the  machine  depends 
upon  the  number  of  pincers  to  be  worked.  The  model  at  the  exposition  liad  260 
pincers,  and  was  2  metres  and  a  half  (about  100  inches  or  8  feet  4  inches  English) 
long.  The  figure  here  given  lias  been  shortened  considerably,  but  the  other  propor- 
tions are  not  disturbed.  The  breadth  of  the  frame  ought  to  be  the  same  for  every  ma- 
chine, ivhether  it  be  long  or  short,  for  it  is  the  breadth  which  determines  the  length  of 
the  thread  to  be  put  into  the  needles,  and  there  is  an  advantage  in  giving  it  the  full 
■breadth  of  the  model  machine,  fully  100  inches,  so  that  the  needles  may  carry  a  thread  at 
least  40  inches  long. 

Disposition  of  the  piece,  to  be  embroidered. — We  have  already  stated  that  the  pincers 
which  hold  the  needles  always  present  themselves  opposite  to  the  same  point,  and  that  in 
consequence  they  would  continually  pass  oackwards  and  forwards  through  the  same  hole, 
but  the  piece  is  displaced  with  sufficient  precision  to  bring  opposite  the  tips  progressively 
of  the  needles,  every  point  upon  which  they  are  to  work  a  design,  such  as  a  flower. 

The  piece  is  strained  perpendicularly  upon  a  large  rectangular  frame,  whose  four 
sides  are  visible  in^g.  371  ;  namely,  the  two  vertical  sides  at  f  f,  and  the  two  horizontal 
sides,  the  upper  and  lower  at  r'  f".  We  see  also  in  the  figure  two  long  wooden  rollers 
G  and  G,  wl<)se  ends,  mounted  with  iron  studs,  are  supported  upon  the  sides  f  of  the 
frame,  so  as  to  turn  freely.  These  form  a  system  of  beams  upon  which  the  piece  des- 
tined to  receive  the  embroidery,  is  wound  and  kept  vertically  stretched  to  a  proper  degree, 
for  each  of  these  beams  bears  upon  its  end  a  small  ratchet  wheel  g,  g ;  the  teeth  of  one 
of  them  being  inclined  in  the  opposite  direction  to  those  of  the  other.  Besides  this  system 
of  lower  beams,  there  is  another  of  two  upper  beams,  which  is  however  but  imperfectly 
seen  in  the  figure,  on  account  of  the  interference  of  other  parts  in  this  view  of  the  ma- 
chine. One  of  these  systems  presents  the  web  to  the  inferior  needles,  and  the  other  to 
the  upper  needles.  As  the  two  beams  are  not  in  the  same  vertical  plane,  the  plane  of 
the  web  would  be  presented  obliquely  to  the  needles  were  it  not  for  a  straight  bar  of  iron, 
round  whose  edge  the  cloth  passes,  and  which  renders  it  vertical.  The  piece  is  kept  in 
tension  crosswise  by  small  brass  templets,  to  which  the  strings  g"  are  attached,  and  by 
which  it  is  pulled  towards  the  sides  of  the  frame  f.  It  remains  to  show  by  what  ingeni- 
ous means  this  frame  may  be  shifted  in  every  possible  direction.  M.  Heilmann  has  em- 
ployed for  this  purpose  the  pantograph  which  draughtsmen  use  for  reducing  or  enlarging 
their  plans  in  determinate  proportions. 

b  b'  fb"  {fig.  371)  represents  a  parallelogram  of  which  the  four  angles  b  b',fb",  are 
jointed  in  such  a  way  that  they  may  become  very  acute  or  very  obtuse  at  pleasure, 
while  the  sides  of  course  continue  of  the  same  length  ;  the  sides  b,  b'  and  b,  b"  are  pro- 
longed, the  one  to  the  point  d,  and  the  other  to  the  point  c,  and  these  points  c  and  rf, 
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are  chosen  under  the  condition  that  in  one  of  the   positions  of  the  parallelogram,  the 
line  c  d  which  joins  them  passes  through  the  point  /;  this  condition  may  be  fulfilled  in 


an  infinite  number  of  manners,  since  the  position  of  the  parallelogram  remaining  the 
same,  we  see  that  if  we  wished  to  shift  the  point  d  further  from  the  point  b',  it  would 
be  sufficient  to  bring  the  point  c  near  enough  to  b",  or  vice  versa ;  but  when  we 
have  once  fixed  upon  the  distance  b'  d,  it  is  evident  that  the  distance  b"  c  is  its  necessary 
consequence.  Now  the  principle  upon  which  the  construction  of  the  pantograph  rests 
is  this;  it  is  sufficient  that  the  three  points  d,  f,  and  c  be  in  a  straight  line,  in  one  only 
of  the  positions  of  tlie  parallelogram,  in  order  that  they  shall  remain  always  in  a  straight 
line  in  every  position  which  can  possibly  be  given  to  it. 

We  see  in  the  figure  that  the  side  b  c,  has  a  handle  b"  with  which  the  workman 
puts  the  machine  in  action.  To  obtain  more  precision  and  solidity  in  work,  the  sides 
of  the  pantograph  are  joined,  so  that  the  middle  of  their  thickness  lies  exactly  in  the 
vertical  plane  of  the  piece  of  goods,  and  that  the  axes  of  the  joints  are  truly  perpendic- 
ular to  this  plane,  in  which  consequently  all  the  displacements  are  eflected.  We  arrive 
at  this  result  by  making  fast  to  the  superior  great  cross  bar  d"  an  elbow  piece  d",  having 
a  suitable  projection,  and  to  which  is  adapted  in  its  turn  the  piece  d',  which  receives  in  a 
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socket  the  extremity  of  the  siJe  b,  d ;  this  piece  d'  is  made  fast  to  d"  by  a  bolt,  but  it 
carries  an  oblong  hole,  and  before  screwing  up  the  nut,  we  make  the  piece  advance  or 
recede,  till  the  falcrum  point  comes  exactly  into  the  plane  of  the  web.  This  condition  being 
fulfilled,  we  have  merely  to  attach  the  frame  to  the  angle  /of  the  parallelogram,  which  is 
done  by  means  of  the  piece  f". 

It  is  now  obvious  that  if  the  embroiderer  takes  the  handle  b"  in  his  hand  and  makes 
the  pantograph  move  in  any  direction  whatever,  the  point  /  will  describe  a  figure  simi- 
lar to  the  figure  described  by  the  point  c,  and  six  times  smaller,  but  the  point  f  cannot 
move  without  the  frame,  and  whatever  is  upon  it  moving  also.  Thus,  in  the  movement 
of  the  pantograph,  every  point  of  the  web  describes  a  figure  equal  to  that  described  by 
the  point  /,  and  consequently  similar  to  that  described  by  the  point  c,  but  six  times 
smaller;  the  embroidered  object  being  produced  upon  the  cloth  in  the  position  of  that 
of  the  pattern.  It  is  sufficient  therefore  to  give  the  embroidering  operative  who  holds 
the  handle  b",  a  design  six  times  greater  than  that  to  be  executed  by  the  machine,  and  to 
afford  him  at  the  same  time  a  sure  and  easy  means  of  tracing  over  with  the  point  c,  all  the 
outlines  of  the  pattern.  For  this  purpose  he  adapts  to  c,  perpendicularly  to  the  plane 
of  the  parallelogram,  a  small  style  terminated  by  a  point  c',  and  he  fixes  the  pattern 
upon  a  vertical  tablet  e,  parallel  to  the  plane  of  the  stuff  and  the  parallelogram,  and 
distant  from  it  only  by  tlie  length  of  the  style  cc";  this  tablet  is  carried  by  the  iron 
rod  c',  which  is  secured  to  a  cast  iron  foot  e',  serving  also  for  other  purposes,  as  we  shall 
presently  see.  The  frame  loaded  with  its  beams  and  its  cloth  forms  a  pretty  heavy 
mass,  and  as  it  must  not  swerve  from  its  plane,  it  needs  to  be  lightened  in  order  that  the 
operative  may  cause  Che  point  of  ihe  pantograph  to  pass  along  the  tablet  without  strain- 
ing or  uncertainty  in  its  movements.  M.  Heilinann  has  accomplished  these  objects  in  the 
following  way.  A  cord  e  attached  to  the  side  b  c  of  the  pantograph  passes  over  a  return 
pulley,  and  carries  at  its  extremity,  a  weight  which  may  be  graduated  at  pleasure;  this 
weight  equipoises  the  pantograph,  and  tends  slightly  to  raise  the  frame.  The  lower 
side  of  the  frame  carries  two  rods  H  and  h,  each  attached  by  two  arms  h  h,  a  little  bent 
to  the  left;  both  of  these  are  engaged  in  the  grooves  of  a  pulley.  Through  this  mecha- 
nism a  pressure  can  be  exercised  upon  the  frame  from  below  upwards,  which  may  be 
regulated  at  pleasure,  and  without  preventing  the  frame  from  moving  in  all  directions, 
it  hinders  it  from  deviating  from  the  primitive  plane  to  which  the  pantograph  was  adjust- 
ed. The  length  of  the  rods  h  ought  to  be  equal  to  the  amount  of  the  lateral  movement 
of  the  frame.  Two  guides  i  i  carried  by  two  legs  of  cast  iron,  present  vertical  slits  in 
which  the  lower  part  of  the  frame  f'  is  engaged. 

Disposition  of  the  carriages. — The  two  carriages,  which  are  similar,  are  placed  the  one 
to  the  right,  and  the  other  to  the  left  of  the  frame.  The  carriage  itself  is  composed 
merely  of  a  long  hollow  cylinder  of  cast  iron  l,  carrying  at  either  end  a  system  of  two 
grooved  castors  or  pulleys  l',  which  roll  upon  the  horizontal  rails  k  ;  the  pulleys  are  mount- 
ed upon  a  forked  piece  I',  wiih  two  ends  to  receive  the  axes  of  the  pulleys,  and  the  piece 
/'  is  itself  bolted  to  a  projecting  ear  /cast  upon  the  cylinder. 

This  assemblage  constitutes  properly  speaking  the  carriage,  resting  in  a  perfectly 
Stable  equilibrium  upon  the  rails  k,  upon  which  it  may  be  most  easily  moved  backwards 
and  forwards,  carrying  its  train  of  needles  to  be  passed  or  drawn  through  the  cloth. 

M.  Heilmann  has  contrived  a  mechanism  by  which  the  operative  without  budsing 
from  his  place  may  conduct  the  carriages,  and  regulate  as  he  pleases  the  extent  of  their 
course,  as  well  as  the  rapidity  of  their  movements.  By  turning  the  axes  m"  in  the  one 
direction  or  the  other,  the  carriage  may  be  made  to  approach  to,  or  recede  from  the 
web. 

When  one  of  the  carriages  has  advanced  to  prick  the  needles  into  the  stuff,  the  other 
is  there  to  receive  them;  it  lays  hold  of  them  with  its  pincers,  pulls  them  through, 
performs  its  course  by  withdrawing  to  stretch  the  thread,  and  close  the  stitch,  then  it 
goes  back  with  the  needles  to  make  its  pricks  in  return.  During  these  movements  the 
first  carriage  remains  at  its  post  waiting  the  return  of  the  second.  Thus  the  two  chariots 
make  in  succession  an  advance  and  a  return,  but  they  never  move  together. 

To  effect  these  movements  M.  Heilmann  has  attached  to  the  piece  o'  made  fast  to 
the  two  uprights  a  c  and  a  d  of  the  frame,  a  bent  lever  n  o  n'  n"  moveable  round  the 
point  0 ;  the  bend  n'  carries  a  toothed  wheel  o',  and  the  extremity  n"  a  toothed  wheel 
o";  the  four  wheels  m  m'  o'  and  o"  have  the  same  number  of  teeth  and  the  same 
diameter;  the  two  wheels  o' and  o"  are  fixed  in  reference  to  each  other,  so  that  it  is 
sufficient  to  turn  the  handle  N  to  make  the  wheel  o"  revolve,  and  consequently  the 
wheel  o' ;  when  the  lever  n  o  is  vertical,  the  wheel  o'  touches  neither  the  wheel  m  nor  the 
wheel  m';  but  if  it  be  inclined  to  the  one  side  or  the  other,  it  brings  the  wheel  o'  alter- 
nately into  gear  with  the  wheel  m  or  the  wheel  ai'.  As  the  operative  has  his  two  hands 
occupied,  the  one  with  the  pantograph  and  the  other  with  the  handle  of  impulsion,  he 
has  merely  his  feet  for  acting  upon  the  lever  n  o,  and  as  he  has  many  other  things  to 
do,  M.  Heilmann  has  adapted  before  him  a  system  of  two  pedals,  by  which  he  executes 
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Avith  his  feet  a  series  of  operations  no  less  delicate  than  those  which  he  executes  with  his 
hands. 

The  pedals  p  are  moveable  round  the  axis  p,  and  carry  cords  p'  wound  in  an  opposite 
direction  upon  the  pulleys  p'  ;  these  pulleys  are  fixed  upon  a  moveable  shaft  p",  sup- 
ported upon  one  side  by  the  prop  e',  and  on  the  other  in  a  piece  k'  attached  to  the  two 
great  uprights  of  the  frame.  In  depressing  the  pedal  p  (now  raised  in  the  figure),  the 
upper  part  of  the  shaft  p"  will  turn  from  the  left  to  the  right,  and  the  lever  n  o  will  be- 
come inclined  so  as  to  carry  the  wheel  o'  upon  the  wheel  m',  but  at  the  same  time  the 
pedal  which  is  now  depressed  will  be  raised,  because  its  cord  will  be  forced  to  wind  itself 
upon  its  pulley,  as  much  as  the  other  cord  has  unwound  itself;  and  thus  the  apparatus 
will  be  ready  to  act  in  the  opposite  direction,  when  wanted. 

Disposition  of  the  pincers. — The  shaft  l'  carries,  at  regular  intervals  of  a  semi-diame- 
ter, the  appendages  q  q  cast  upon  it,  upon  which  are  fixed,  by  two  bolts,  the  curved 
branches  q  destined  to  bear  the  whole  mechanism  of  the  pincers.  When  the  pincers  are 
opened  by  their  appropriate  leverage,  and  the  half  of  the  needle,  which  is  pointed  at 
each  end,  with  the  eye  in  the  middle,  enters  the  opening  of  its  plate,  it  gets  lodged  in  an 
angular  groove,  which  is  less  deep  than  the  needle  is  thick,  so  that  when  the  pincers  are 
closed,  the  upper  jaw  presses  it  into  the  groove.  In  this  way  the  needle  is  firmly  held, 
all  hough  touched  in  only  three  points  of  its  circumference. 

Suppose,  now,  that  all  the  pincers  are  mounted  and  adjusted  at  their  proper  distances 
upon  their  prismatic  bar,  forming  the  upper  range  of  the  right  carriage.  For  opening  all 
the  pincers  there  is  a  long  plate  of  iron,  u,  capable  of  turning  upon  its  axis,  and  which 
extends  from  the  one  end  of  the  carriage  to  the  other.  This  axis  is  carried  by  a  kind  of 
forks  which  are  bolted  to  the  extremity  of  the  branches  Q.  By  turning  that  axis  the 
workman  can  open  the  pincers  at  pleasure,  and  they  are  again  closed  by  springs.  This 
movement  is  performed  by  his  feet  acting  upon  the  pedals. 

The  threads  get  stretched  in  proportion  as  the  carriage  is  run  out,  but  as  this  tension 
has  no  elastic  play,  inconveniences  might  ensue  which  are  prevented  by  adapting  to  the 
carriage  a  mechanism  by  means  of  which  all  the  threads  are  pressed  at  the  same  time  by 
a  weight  susceptible  of  graduation.  A  little  beneath  the  prismatic  bar,  which  carries 
the  pincers,  we  see  in  the  figure  a  shaft,  y,  going  from  one  end  of  the  carriage  to  the 
other,  and  even  a  little  beyond  it ;  this  shaft  is  carried  by  pieces  y  which  are  fixed  to  the 
arms  Q,  and  in  which  it  Can  turn.  At  its  left  end  it  carries  two  small  bars  y'  and  w',  and 
at  its  right  a  single  bar  y',  and  a  counterweight  (not  visible  in  this  view)  ;•  the  ends  of 
the  two  bars  y'  are  joined  by  an  iron  wire  somewhat  stout  and  perfectly  straight.  When 
the  carriage  approaches  the  web,  and  before  the  iron  wire  can  touch  it,  the  little  bar  w 
presses  against  a  pin,  w',  which  rests  upon  it,  and  tends  to  raise  it  more  and  more.  In 
what  has  preceded  we  have  kept  in  view  only  the  upper  range  of  pincers  and  needles, 
but  there  is  an  inferior  range  quite  similar,  as  the  figure  shows,  at  the  lower  ends  of  the 
arms  q.  In  conclusion,  it  should  be  stated,  that  the  operative  does  not  follow  slidingly 
with  the  pantograph  the  trace  of  the  design  which  is  upon  the  tablet  or  the  picture,  but 
he  must  stop  the  point  of  the  style  upon  the  point  of  the  pattern  into  which  the  needle 
should  enter,  then  remove  it,  and  put  it  down  again  upon  the  point  fey  which  the  needle 
ought  to  re-enter  in  coming  from  the  other  side  of  the  piece,  and  so  on  in  succession.  To 
facilitate  this  kind  of  reading  off,  the  pattern  upon  the  tablet  is  composed  of  right  lines 
terminated  by  the  points  for  the  entrance  and  return  of  the  needle,  so  that  the  operative 
(usually  a  child)  has  continually  under  her  eyes  the  series  of  broken  lines  which  must 
be  followed  by  the  pantograph  ;  if  she  happens  to  quit  this  path  an  instant,  without  hav- 
ing left  a  mark  of  the  point  at  which  she  had  arrived,  she  is  under  the  uecessity  of  look- 
ing at  the  piece  to  see  what  has  been  already  embroidered,  and  to  find  by  this  comparison 
the  point  at  which  she  must  resume  her  work,  so  as  not  to  leave  a  blank,  or  to  repeat 
the  same  stitch. 

Explanation  of  figure. 

A,  lower  cross  bars,  which  unite  the  legs  of  the  two  ends  of  the  frame. 

a,  the  six  feet  of  the  front  end  of  the  frame. 

a',  the  six  feet  of  the  posterior  end  of  the  frame. 

a",  curved  pieces  which  unite  the  cross  bars  a"  to  the  uprights. 

b",  handle  of  the  pantosraph. 

b  b'  b",  three  of  the  angles  of  the  pantograph. 

c,  point  of  the  side  b  b"  on  which  the  point  is  fixed. 
c",  point  of  the  pantograph. 

d",  cross  bar  in  form  of  a  gutter,  which  unites  the  upper  parts  of  the  frame. 

d,  fixed  point,  round  which  the  pantograph  turns. 

E,  tablet  upon  which  the  pattern  to  be  embroidered  is  put. 
z',  support  of  that  tablet. 

c,  cord  attached  at  one  end  to  the  side  6  c  of  the  pantograph  passing  over  a  guide  pul- 
ley^  and  carrying  a  weight  at  the  other  end. 
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e',  iron  rod  by  which  the  table  e  is  joined  to  its  support  e'. 
F  F,  uprights  of  the  cloth-carrying  frame. 
f'  f',  horizontal  sides  of  the  same  frame. 
G,  four  roll  beams. 
g",  the  piece  of  cloth. 

g",  the  strinss,  which  serve  to  stretch  the  cloth  laterally. 

EMERALD  (Emeraude,  Fr. ;  Smaraj^d,  Germ.)  is  a  precious  stone  of  a  beautiful 
green  color;  valued  next  to  diamond,  and  in  the  same  rank  as  oriental  ruby  and  sapphire. 
it  occurs  in  prisms  with  a  regular  hexagonal  base;  sp.  grav.  2-7;  scratches  quartz 
with  difficulty ;  is  scratched  by  topaz ;  fusrWe  at  the  blowpipe  into  a  frothy  bead ;  the 
precipitate  aHorded  by  ammonia,  from  its  solution,  is  soluble,  in  a  great  measure,  in  car- 
bonate of  ammonia.  Its  analysis  is  given  very  variously  by  difierent  chemists.  It  con- 
tains about  14  per  cent,  of  glucina,  which  is  its  characteristic  constituent;  along  with 
68  of  silica,  16  of  alumina,  a  very  little  lime  and  iron.  The  beautiful  emerald  of  Peru 
is  found  in  a  clay  schist  mixed  with  some  calcareous  matter.  A  stone  of  4  grains  weight 
is  said  to  be  worth  from  4/.  to  5/. ;  one  of  8  grains,  10/. ;  one  of  15  grains,  being  fine,  is 
worth  60/.;  one  of  24  grains  fetched,  at  the  sale  of  M.  de  Dree's  cabinet,  2400  francs, 
or  nearly  100/. 

The  beryl  is  analogous  in  composition  to  the  emerald,  and  is  employed  (when  of  the 
common  opaque  kind,  found  near  Limoges)  by  chemists  for  procuring  the  earth 
glucina. 

EMERY.  This  mineral  was  long  regarded  as  an  ore  of  iron ;  and  was  called  by 
Haiiy  fer  oxide  quartzifere.  It  is  very  abundant  in  the  island  of  Naxos,  at  cape  Evieri, 
whence  it  is  imported  in  large  quantities.  It  occurs  also  in  the  islands  of  Jersey  and 
Guernsey,  at  Almaden,  in  Poland,  Saxony,  Sweden,  Persia,  &c.  Its  color  varies  from 
red  brown  to  dark  brown  ;  its  specific  gravity  is  about  4-000  ;  it  is  so  hard  as  to  scratch 
quartz  and  many  precious  stones.  By  Mr.  Tenant's  analysis  it  consists  of  alumina, 
80 ;  silica,  3 ;  iron,  4.  Another  inferior  kind  yielded  32  of  iron,  and  only  50  of 
alumina. 

The  alumina  of  emery  is  believed  to  be  aggregated  to  the  same  degree  of  hardness  as 
in  corundum  or  adamantine  spar;  which  is  one  of  the  hardest  minerals  known.  Emery 
is  extensively  employed  for  grinding  metals,  glass,  &c. ;  for  which  purpose  it  is  reduced 
to  powders  of  difl'erent  degrees  of  fineness,  by  grinding  and  elutrialion.  When  so 
treated,  it  is  sold  under  the  name  of  flour  of  emery,  or  washed  emery. 

EMPYREUMA,  means  the  offensive  smell  produced  by  fire  applied  to  organic 
matters,  chiefly  vegetable,  in  close  vessels.  Thus,  empyreumatic  vinegar  is  obtained 
by  distilling  wood  at  a  red  heat,  and  empyreumatic  oil  from  many  animal  substances  in 
the  same  way. 

ENAMELS  (Emaux,  Fr. ;  Schmelzglas,  Germ.)  are  varieties  of  glass,  generally  opaque 
and  colored,  always  formed  by  the  combination  of  difierent  metallic  oxydes,  to  which 
certain  fixed  fusible  salts  are  added,  such  as  the  borates,  fluates,  and  phosphates. 

The  simplest  enamel,  and  the  one  which  serves  as  a  basis  to  most  of  the  others,  is 
obtained  by  calcining  first  of  all  a  mixture  of  lead  and  tin,  in  proportions  varying  from 
15  to  50  parts  of  tin  for  100  of  lead.  The  middle  term  appears  to  be  the  most  suitable 
for  the  greater  number  of  enamels;  and  this  alloy  has  such  an  affinity  for  oxygen,  that 
it  may  be  calcined  with  the  greatest  ease  in  a  flat  cast-iron  pot,  and  at  a  temperature  not 
above  a  cherry  red,  provided  the  dose  of  tin  is  not  too  sreat.  The  oxyde  is  drawn  off  to 
the  sides  of  the  melted  metal  according  as  it  is  generated,  new  pieces  of  the  alloy  being 
thrown  in  from  time  to  time,  till  enough  of  the  powder  be  obtained.  Great  care  ought 
to  be  taken  that  no  metallic  particles  he  left  in  the  oxyde,  and  that  the  calcining  heat  be 
as  low  as  is  barely  sufficient ;  for  a  strong  fire  frits  the  powder,  and  obstructs  its  subse- 
quent comminution.  The  powder  when  cold  is  ground  in  a  proper  mill,  levigated  with 
water,  and  elutriated,  as  will  be  described  under  Bed  lead.  In  this  state  of  fineness  and 
purity,  it  is  called  calcine,  or  flux,  and  it  is  mixed  with  silicious  sand  and  some  alkaline 
matter  or  sea-salt.  The  most  ordinary  proportions  are,  4  of  sand,  1  of  sea-salt,  and  4  of 
calcine.  Chaptal  states  that  he  has  obtained  a  very  fine  product  from  100  parts  of  cal- 
cine, made  by  calcining  equal  parts  of  lead  and  tin,  100  parts  of  ground  flint,  and  200 
parts  of  pure  subcarbonate  of  potash.  In  either  case,  the  mixture  is  put  into  a  crucible, 
or  laid  simply  on  a  stratum  of  sand,  quicklime  spontaneously  slaked,  or  wood-ashes, 
placed  under  a  pottery  or  porcelain  kiln.  This  mass  undergoes  a  semi-vitrification  ;  or 
even  a  complete  fusion  on  its  surface.  It  is  this  kind  of  frit  which  serves  as  a  radical 
to  almost  every  enamel;  and  by  varying  the  proportions  of  the  ingredient,  more  fusible, 
more  opaque,  or  whiter  enamels  are  obtained.  The  first  of  these  qualities  depends  on 
the  quantity  of  sand  or  flux,  and  the  other  two  on  that  of  the  tin. 

The  sea-salt  employed  as  a  flux  may  be  replaced  either  by  salt  of  tartar,  by  pure 
potash,  or  by  soda ;  but  each  of  these  fluxes  gives  peculiar  qualities  to  the  enamel. 
Most  authors  who  have  written  on  the  preparation  of  enamels,  insist  a  great  deal  on 
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the  necessity  of  selecting  carefully  the  particular  sand  that  should  enter  into  the  composi- 
tion  of  the  frit,  and  they  even  affirm  that  the  purest  is  not  the  most  suitable.  Clouet 
states,  in  the  34th  volume  of  the  Annaks  de  Chimie,  that  the  sand  ought  to  contain  at 
least  1  part  of  talc  for  3  of  silicious  matter,  otherwise  the  enamel  obtained  is  never  very 
glassy,  and  that  some  wrinkled  spots  from  imperfect  fusion  are  seeen  on  its  surface  ;  and 
yet  we  find  prescribed  in  some  old  treatises,  to  make  use  of  ground  flints,  fritted  by  means 
of  salt  of  tartar  or  some  other  flux.  It  would  thence  appear  that  the  presence  of  talc  is 
of  no  use  towards  the  fusibility  of  the  silica,  and  that  its  absence  may  be  supplied  by  in- 
creasing the  dose  of  the  flux.  In  all  cases,  however,  we  ought  to  beware  of  metallic 
oxydes  in  the  sand^  particularly  those  of  iron  and  manganese,  which  most  frequently  occur, 
and  always  injure  the  whiteness  of  the  frit. 

The  ancients  carried  the  art  of  enamelling  to  a  very  high  perfection,  and  we  occasion- 
ally find  beautiful  specimens  of  their  work,  of  which  we  know  neither  the  composition, 
nor  the  manner  of  applying  it.  Then,  as  at  present,  each  artist  made  a  mystery  of  the 
means  that  succeeded  best  with  )»im,  and  thus  a  multitude  of  curious  processes  have  been 
buried  with  their  authors.  Another  cause  contributes  powerfully  to  this  sort  of  declen- 
sion in  the  arts.  Among  the  vast  number  of  recipes  which  have  been  published  for  ihe 
formation  of  enamels,  there  are  several  in  which  substances  are  mentioned  that  can  no 
longer  be  procured,  whether  owing  to  a  change  of  denomination,  or  because  the  substan- 
ces cannot  now  be  found  in  commerce,  or  because  they  are  not  of  the  same  nature  as  of 
old.  Hence,  in  many  cases,  we  find  it  impossible  to  obtain  satisfactory  results.  What 
we  have  now  said  renders  it  desirable  that  the  operations  should  be  resumed  anew,  or 
upon  new  bases,  and  availing  ourselves  of  all  the  known  chemical  facts,  we  should  employ 
in  the  production  of  enamels,  raw  materials  of  the  purest  kind. 

The  Venetians  are  still  in  possession  of  the  best  enamel  processes,  and  they  supply  the 
French  and  other  nations  with  the  best  kinds  of  enamel,  of  every  colored  shade. 

Enamels  are  distinguished  into  transparent  and  opaque ;  in  the  former  all  the  elements 
have  experienced  an  equal  degree  of  liquefaction,  and  are  thus  run  into  crystal  glass, 
whilst  in  the  others,  some  of  their  elements  have  resisted  the  action  of  heat  more,  so  that 
their  particles  retain  sufficient  aggregation  to  prevent  the  transmission  of  light.  This 
effect  is  produced,  particularly  by  the  oxyde  of  tin,  as  we  shall  perceive  in  treating  of 
white  enamel. 

The  frits  for  enamels  that  are  to  be  applied  to  metallic  surfaces  require  greater  fusibil- 
ity, and  should  therefore  contain  more  flux  ;  and  the  sand  used  for  these  should  be  calcined 
beforehand  with  one  fotuth  its  weight  of  sea-salt ;  sometimes,  indeed,  metallic  fluxes  are 
added,  as  minium  or  litharge.  For  some  metallic  colors,  the  oxydes  of  lead  are  very  in- 
jurious, and  in  this  case  recourse  must  be  had  to  other  fluxes.  Clouet  states  that  he  had 
derived  advantage  from  the  following  mixtures,  as  bases  for  purples,  blues,  and  some 
other  delicate  colors  : — 

Three  parts  of  silicious  sand,  one  of  chalk,  and  three  of  calcined  borax;  or,  three  of 
glass  (of  broken  crystal  goblets),  one  of  calcined  borax,  one  fourth  of  a  part  of  nitre,  and 
one  part  of  well  washed  diaphoretic  antimony.  These  compositions  afford  a  very  white 
enamel,  which  accords  perfectly  well  with  blue. 

It  is  obvious  that  the  composition  of  this  primary  matter  may  be  greatly  varied  ;  but 
we  should  never  lose  sight  of^the  essential  quality  of  a  good  enamel ;  which  is,  to  acquire, 
at  a  moderate  heat,  sufficient  fluidity,  to  take  a  shining  surface,  without  running  too  thin. 
It  is  not  complete  fusion  which  is  wanted  ;  but  a  pasty  state,  of  such  a  degree  as  may 
give  it,  after  cooling,  the  aspect  of  having  suffered  complete  liquefaction. 

Dead-white  Enamel. — This  requires  greater  nicety  in  the  choice  of  its  materials  than 
any  other  enamel,  as  it  must  be  free  from  every  species  of  tint,  and  be  perfectly  white ; 
hence  the  frit  employed  in  this  case  should  be  itself  composed  of  perfectly  pure  ingre- 
dients. But  a  frit  should  not  be  rejected  hastily  because  it  may  be  somewhat  discolored, 
since  this  may  depend  on  two  causes;  either  on  some  metallic  oxydes,  or  on  fuliginous 
particles  proceeding  from  vegetable  or  animal  substances.  Now  the  latter  impurities  may 
be  easily  removed  by  means  of  a  small  quantity  of  peroxyde  of  manganese,  which  has 
the  property  of  readily  parting  with  a  portion  of^  its  oxygen,  and  of  thus  facilitating  the 
combustion,  that  is  to  say,  the  destruction  of  the  coloring  carbonaceous  matter.  Manga- 
nese indeed  possesses  a  coloring  power  itself  on  glass,  but  only  in  its  highest  state  of 
oxydizement,  and  when  reduced  to  the  lower  state,  as  is  done  by  incombustible  matters, 
it  no  longer  communicates  color  to  the  enamel  combinations.  Hence  the  proportion  of 
manganese  should  never  exceed  what  is  just;  for  the  surplus  would  cause  color.  Some- 
times, indeed,  it  becomes  necessary  to  give  a  little  manganese  color,  in  order  to  obtain  a 
more  agreeable  shade  of  white;  as  a  little  azure  blue  is  added  to  linens,  to  brighten  or 
counteract  the  dulness  of  their  yellow  tint. 

A  white  enamel  may  be  conveniently  prepared  also  with  a  calcine  composed  of  tv/o 
parts  of  tin  and  one  of  lead  calcined  together;  of  this  combined  oxyde,  one  part  is  melted 
with  two  parts  of  fine  crystal  and  a  very  little  manganese,  all  previously  ground  together. 
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When  the  fusion  is  complete,  the  vitreous  matter  is  to  be  poured  into  clear  water,  and  the 
frit  is  then  dried,  and  melted  anew.  The  pourintr  into  water  and  fusion  are  sometimes 
repeated  four  times,  in  order  to  secure  a  very  uniform  combination.  The  crucible  mnst  be 
carefully  screened  from  smoke  and  flame.  The  smallest  portions  of  oxyde  of  iron  or  cop- 
per admitted  into  this  enamel  will  destroy  its  value. 

Some  practitioners  recommend  the  use  of  washed  diaphoretic  antimony  (antimoniate 
of  potash,  from  metallic  antimony  and  nitre  deflagrated  together)  for  white  enamel;  but 
this  product  cannot  be  added  to  any  preparation  of  lead  or  other  metallic  oxydes  ;  for  it 
would  tend  rather  to  tarnish  the  color  than  to  clear  it  up;  and  it  can  be  used  therefore 
only  with  ordinary  glass,  or  witii  saline  fluxes.  For  three  parts  of  white  glass  (without 
lead)  one  part  of  washed  diaphoretic  antimony  is  to  be  taken ;  the  substances  are  well 
ground  together,  and  fused  in  the  common  way. 

Blue  enamel. — This  fine  color  is  almost  always  obtained  from  the  oxyde  of  cobalt  or 
some  of  its  combinations,  and  it  produces  it  with  such  intensity  that  only  a  very  liitle  can 
be  used,  lest  the  shade  sliould  pass  into  black.  The  cobalt  blue  is  so  rich  and  lively 
that  it  predominates  in  some  measure  over  every  other  color,  and  masks  many  so  that 
they  can  hardly  be  perceived ;  it  is  also  most  easily  obtained.  To  bring  it  out,  however, 
in  all  its  beauty,  the  other  colors  must  be  removed  as  much  as  possible,  and  the  cobalt 
itself  should  be  tolerably  pure.  This  metal  is  associated  in  the  best  Known  ores  wilh  a 
considerable  number  of  foreisn  substances,  as  iron,  arsenic,  cojiper,  nickel,  and  sulphur, 
and  it  is  difficult  to  separate  them  completely;  but  for  enamel  blues,  the  oxyde  of  cobalt 
does  not  require  to  be  perfectly  free  from  all  foreign  metals;  the  iron,  nickel,  and  copper, 
being  most  prejudicial,  should  be  carefully  eliminated.  This  object  may  be  most  easily 
attained  by  dissolvin?  the  ore  in  nitiic  acid,  evaporating  the  solution  to  a  sirupy  consis- 
tence, to  expel  the  excess  of  acid,  and  separate  a  portion  of  arsenic.  It  is  now  diluted 
with  water,  and  solution  of  carbonate  of  soda  is  dropped  slowly  into  it  with  brisk  agita- 
tion, till  the  precipitate,  which  is  at  first  of  a  whitish  gray,  begins  to  turn  of  a  rose-red. 
Whenever  this  color  appears,  the  whole  must  be  thrown  on  a  filter,  and  the  liquid  which 
passes  through  must  be  treated  with  more  of  the  carbonate  of  soda,  in  order  to  obtain 
the  arseniate  of  cobalt,  which  is  nearly  pure.  Since  arsenic  acid  and  its  derivatives  are 
not  capable  of  cominunicatin<;  color  themselves,  and  as  they  moreover  are  volatile,  they 
cannot  impair  the  beauty  of  the  blue,  and  hence  this  preparation  affords  it  in  great  per- 
fection. 

Metallic  fluxes  are  not  the  most  suitable  for  this  color;  because  they  always  commu- 
nicate a  lint  of  greater  or  less  force,  which  never  fails  to  injure  the  purity  of  the  blue. 
Nitre  is  a  useful  addition,  as  it  keeps  the  oxyde  at  the  maximum  of  oxydation,  in  which 
state  it  produces  the  richest  color. 

Yellow  Enamel. — There  are  many  processes  for  making  this  color  in  enamel  ;  but  it 
is  somewhat  difficult  to  fix,  and  it  is  rarely  obtained  of  a  uniform  and  fine  lint.  It 
may  be  produced  directly  wilh  some  preparations  of  silver,  as  Ihe  phosphate  or  sulphate; 
but  this  method  does  not  always  succeed,  for  too  strong  a  heat  or  powerful  fluxes  readily 
destroy  it,  and  nitre  is  particularly  prejudicial.  This  uncertainty  of  success  with  the 
salts  of  silver  causes  them  to  be  seldom  employed  ;  and  oxydes  of  lead  and  antimony  are 
therefore  preferred,  which  aflbrd  a  fine  yellow  when  combined  with  some  oxydes  that  are 
refractory  enough  to  prevent  their  complete  vitrification.  One  part  of  white  oxyde  of 
antimony  may  be  taken  with  from  one  to  three  parts  of  white  lead,  one  of  alum,  and 
one  of  sal-ammoniac.  Each  of  these  substances  is  to  be  pulverized,  and  then  all  are  to 
be  exactly  mixed,  and  exposed  to  a  heat  adequate  to  decompose  the  sal-ammoniac.  This 
operation  is  judged  to  be  finished  when  the  yellow  color  is  well  brought  out.  There  is 
produced  here  a  combination  quite  analogous  to  that  known  under  the  name  of  Naples 
yellow. 

Other  shades  of  yellow  may  be  procured  either  with  the  oxyde  of  lead  alone,  or  by 
adding  to  it  a  little  red  oxyde  of  iron ;  the  tints  varying  with  the  proportion  of  the 
latter. 

Clouet  says,  in  his  memoir  on  enamels,  that  a  fine  yellow  is  obtained  with  pure  oxyde 
of  silver,  and  that  it  is  merely  necessary  to  spread  a  thin  coat  of  it  on  the  spot  to  be  col- 
ored. The  piece  is  then  exposed  to  a  moderate  heat,  and  withdrawn  as  soon  as  this  has 
reached  the  proper  point.  The  thin  film  of  metallic  silver  revived  on  the  surface  being 
removed,  the  place  under  it  will  be  found  tinged  of  a  fine  yellow,  of  hardly  any  thickness. 
As  the  pellicle  of  silver  has  to  be  removed  which  covers  the  color,  it  is  requisite  to  avoid 
fixing  this  film  with  fluxes;  and  it  ought  therefore  to  be  applied  after  the  fusion  of  the 
rest.  The  yellows  require  in  general  little  flux,  and  they  answer  better  with  one  of  a 
metallic  nature. 

Green  Enamel. — It  is  known  that  a  green  color  may  be  produced  by  a  mixture  of  yellow 
and  blue  ;  but  recourse  is  seldom  had  to  this  practice  for  enamels,  as  they  can  be  obtain- 
ed almost  always  directly  wilh  the  oxyde  of  copper;  or  still  better  with  the  oxyde  of 
chrome,  which  has  the  advantage  of  resisting  a  strong  heat. 


ENAMELS.  443 

Chemists  describe  two  oxydes  of  copper,  the  protoxyde,  of  an  orange  red  color,  wWch 
communicates  its  color  to  enamels,  but  it  is  difficult  to  fix ;  the  deutoxyde  is  blue  in  the 
state  of  hydrate,  but  blackish-brown  when  dry,  and  it  colors  green  all  the  vitreous  com- 
binations into  which  it  enters.  Tliis  oxyde  requires,  at  most,  one  or  two  proportions  of 
flux,  either  saline  or  metallic,  to  enter  into  complete  fusion ;  but  a  much  smaller  dose  is 
commonly  taken,  and  a  Utile  oxyde  of  iron  is  introduced.  To  four  pounds  of  frit,  for  in- 
stance, two  ounces  of  oxyde  of  copper  and  48  grains  of  red  oxyde  of  iron  are  used ;  and 
the  ordinary  measures  are  pursued  for  making  very  homogeneous  enamel. 

The  sreen  produced  by  the  oxyde  of  chrome  is  much  more  solid  ;  it  is  not  affected  by  a 
powerful  fire,  but  it  is  not  always  of  a  fine  shade.  It  generally  inclines  too  much  to  the 
dead-leaf  yellow,  which  depends  on  the  degree  of  oxygenalion  of  the  chrome. 

Rei  Enamel. — We  have  just  stated  that  protoxyde  of  copper  afforded  a  fine  color 
when  it  could  b2  fixed,  a  result  difficult  to  obtain  on  account  of  the  fugitive  nature  of 
this  oxyde;  slight  variations  of  temperature  enabling  it  to  absorb  more  oxygen.  The 
proper  point  of  fusion  must  be  seized,  for  taking  it  from  the  fire  whenever  the  desired 
color  is  brought  out.  Indeed,  when  a  high  temperature  has  produced  i)eroxydizement, 
this  may  be  corrected  by  adding  some  combustible  matter,  as  charcoal,  tallow,  tartar, 
&c.  The  copper  then  returns  to  its  minimum  of  oxydizement,  and  the  red  color  which 
had  vanished,  reappears.  It  is  possible,  in  this  way,  and  by  pushing  the  heat  a  little, 
to  accomplish  the  complete  reduction  of  a  part  of  the  oxyde ;  and  the  particles  of  metallic 
copper  thereby  disseminated  in  a  reddish  ground,  give  this  enamel  the  aspect  of  the 
stone  called  avinlurine.  The  surest  and  easiest  method  of  jirocuring  protoxyde  of 
copper  is  to  bail  a  solution  of  equal  parts  of  sugar,  and  sulphate  or  rather  acetate  of 
copper,  in  fjur  parts  of  water.  The  sugar  takes  possession  of  a  portion  of  the  oxygen 
of  the  cupreous  oxyde,  and  reduces  it  to  the  protoxyde;  when  it  may  be  precipitated  in 
the  form  of  a  granular  powder  of  a  brilliant  red.  After  about  two  hours  of  moderate 
ebullition,  the  liquid  is  set  aside  to  settle,  decanted  off  the  precipitate,  which  is  washed 
and  dried. 

This  pure  oxyde,  properly  employed  by  itself,  furnishes  a  red  which  vies  with  the  finest 
carmine,  and  by  its  means  every  tint  may  be  obtained  from  red  to  orange,  by  adding  a 
greater  or  smaller  quantity  of  peroxyde  of  iron. 

The  preparations  of  gold,  and  particularly  the  oxyde  and  purple  of  Cassius,  are  like- 
wise employe  1,  with  advantage,  to  color  enamel  red,  and  this  composition  resists  a  power- 
ful fire  tolerably  well.  For  some  time  back,  solutions  of  gold,  silver,  and  platinum  have 
been  used  with  success  instead  of  their  oxydes;  and,  in  this  way,  a  more  intimate  mix- 
ture may  be  procured,  and,  consequently,  more  homogeneous  tints. 

Black  Enamel. — Black  enamels  are  made  with  peroxyde  of  manganese  or  protoxyde  of 
iron  ;  to  which  more  depth  of  color  is  given  with  a  little  cobalt.  Clay  alone,  melted 
with  about  a  third  of  its  weight  of  protoxyde  of  iron,  gives,  according  to  Clouet,  a  fine 
black  enamel. 

Violet  Enamel. — The  peroxyde  of  manganese  in  small  quantity  by  itself  furnishes, 
with  saline  or  alkaline  fluxes,  an  enamel  of  a  very  fine  violet  hue ;  and  variations  of 
shade  are  easily  had  by  modifying  the  proportions  of  the  elements  of  the  colored 
frit.  The  great  point  is  to  maintain  the  manganese  in  a  state  of  peroxydation,  and  con- 
sequently to  beware  of  placing  the  enamel  in  contact  with  any  substance  attractive  of, 
oxygen. 

Such  are  the  principal  colored  enamels  hitherto  obtained  by  means  of  metallic  oxydes; 
but  since  the  number  of  these  oxydes  is  increasing  every  day,  it  is  to  be  wished  that  new 
trials  be  made  with  such  as  have  not  yet  been  employed.  From  such  researches  some 
interesting  results  would  unquestionably  be  derived. 

Of  painling  on  Enamel. — Enamelling  is  only  done  on  gold  and  copper;  for  silver  swells 
up,  and  causes  blisters  and  holes  in  the  coat  of  enamel.  All  enamel  paintings  are,  in 
fact,  done  on  copper  or  gold. 

The  goldsmith  i)repares  the  plate  that  is  to  be  painted  upon.  The  gold  should  be  22 
carats  fine  :  if  purer,  it  would  not  be  sufficiently  stiff;  if  coarser,  it  would  be  subject  to 
melt;  and  its  alloy  should  be  half  white  and  half  red,  that  is,  half  silver  and  half  copper; 
whereby  the  enamel  with  which  it  is  covered  will  be  less  disposed  to  turn  green,  than  if 
the  alloy  were  entirely  copper. 

The  workman  must  reserve  for  the  edge  of  the  plate  a  small  fillet,  which  he  calls  the 
border.  This  ledge  serves  to  retain  the  enamel,  and  hinders  it  from  falling  oil"  when 
applied  and  pressed  on  with  a  spatula.  When  the  plate  is  not  to  be  counter-enamelled,  it 
should  be  charged  with  less  enamel,  as,  when  exposed  to  heat,  the  enamel  draws  up  the 
gold  to  itself,  and  makes  the  piece  convex.  When  the  enamel  is  not  to  cover  the  whole 
plate,  it  becomes  necessary  to  prepare  a  lodgment  for  it.  With  this  view,  all  the  out- 
lines of  the  figure  are  traced  on  the  plate  with  a  black-lead  pencil,  after  which  recourse 
is  had  to  the  graver. 

The  whole  space  enclosed  by  the  outlines  must  be  hollowed  out  in  bas-relief,  of  a 
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depth  equal  to  the  height  of  the  fillet,  had  the  plate  been  entirely  enamelled.  This 
sinking  of  the  surface  must  be  done  with  a  flat  graver  as  equally  as  possible ;  for  if 
there  be  an  eminence,  the  enamel  would  be  weaker  at  that  point,  and  the  green  would 
appear.  Some  artists  hatch  ihe  bottom  of  the  hollow  with  close  lines,  which  cross  each 
other  in  all  directions;  and  others  make  lines  or  scratches  with  the  end  of  a  file  broken 
ott'  square.  The  hatchings  or  scratches  lay  hold  of  the  enamel,  which  might  otherwise 
separate  from  the  plate.  After  this  operation,  the  plate  is  cleansed  by  boiling  it  in 
an  alkaline  ley,  and  it  is  washed  first  with  a  little  weak  vinegar,  and  then  with  clear 
water. 

The  plate  thus  prepared  is  to  be  covered  with  a  coat  of  white  enamel,  which  is  done 
by  bruising  a  piece  of  enamel  in  an  ajate  or  porcelain  mortar  to  a  coarse  powder  like 
sand,  washing  it  well  with  water,  and  applying  it  in  the  hollow  part  in  its  moist  state. 
The  plate  may  meanwhile  be  held  in  an  ordinary  forceps.  The  enamel  powder  is  spread 
witli  a  spatula.  For  condensing  the  enamel  powder,  the  edges  of  the  plate  are  struck 
with  this  spatula. 
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Whenever  the  piece  is  dry,  it  is  placed  on  a  slip  of  sheet  iron  perforated  with  several 
small  holes,  see  fig.  37.5,  which  is  laid  on  hot  cinders ;  and  it  is  left  there  until  it  ceases 
to  steam.  It  must  be  kept  hot  till  it  goes  to  the  fire  ;  for  were  it  allowed  to  cool  it  would 
become  necessary  to  heat  it  again  very  gradually  at  the  mouth  of  the  furnace  of  fusion, 
to  prevent  the  enamel  from  decrepitating  and  flying  ofl^. 


Before  describing  the  manner  of  exposing  the  piece  to  the  fire,  we  must  explain  the 
construction  of  the  furnace.  It  is  square,  and  is  shown  in  front  elevation  in  fig.  376. 
It  consists  of  two  pieces,  the  lower  part  A,  or  the  body  of  the  furnace,  and  the  upper  part 
E,  or  the  capital,  which  is  laid  on  the  lower  part  as  is  shown  in  fig.  "ill,  where  these 
two  parts  are  separately  represented.  The  furnace  is  maJe  of  good  fire-clay,  moderately 
baked,  and  resembles  very  closely  the  assay  or  cupellation  furnace.  Its  inside  dimensions 
are  9  inches  in  width  ;  13  inches  in  height  in  the  body,  and  9  in  the  capital.  Its  general 
thickness  is  2  inches. 

The  capital  has  an  aperture  or  door  c,  fig.  376,  v/hich  is  closed  by  a  fire-brick  stopper 
m,  when  the  fire  is  to  be  made  active.     By  this  door  fuel  is  supplied. 
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The  body  of  the  furnace  has  likewise  a  door  d,  which  reaches  down  to  the  projecting 
shelf  E,  called  the  bib  (mcntonniere),  whose  prominence  is  seen  at  e,  fig.  376.  This 
shelf  is  supported  and  secured  by  the  two  brackets  f,  f  ;  the  whole  being  earthenware. 
The  height  of  the  door  d  is  abridged  by  a  peculiar  fire-brick  g,  which  not  only  covers  the 
whole  projection  of  the  shelf  e,  but  enters  within  the  opening  of  the  door  d,  filling  its 
breadth,  and  advancing  into  the  same  plane  with  the  inner  surface  of  the  furnace.  This 
plate  is  called  the  hearth;  its  purpose  will  appear  presently;  it  may  be  taken  out  and 
replaced  at  pleasure,  by  laying  hold  of  the  handle  in  its  front. 

Below  the  shelf  e,  a  square  hole,  H,  is  seen,  which  serves  for  admitting  air,  and  for 
extracting  the  ashes.  Similar  holes  are  left  upon  each  side  of  the  furnace,  as  is  shown 
in  the  ground  plan  of  the  base,  Jig.  377,  at  h  h  h. 

On  a  level  with  the  shelf,  in  the  interior  of  the  furnace,  a  thin  fire-tile  i  rests,  perfo- 
rated with  nitmerous  small  holes.  This  is  the  grate  represented  in  a  ground  view  in  fig. 
375.  Figs.  378,  379,  380,  represent,  under  difl^erent  aspects,  the  muffle.  Fig.  377  shows 
the  elevation  of  its  further  end;  fig.  379  its  sides;  and  fig.  380  iis  front  part.  At  J,  fig. 
377,  the  muffle  is  seen  in  its  place  in  the  furnace,  resting  on  two,  bars  of  iron,  or,  still 
better,  on  ledges  of  fire-clay,  supported  on  brackets  attached  to  the  lateral  sides  of  the 
furnace.  The  muffle  is  made  of  earthenware,  and  as  thin  as  possible.  The  fuel  consists 
of  dry  beech-wood,  or  oaken  branches,  about  an  inch  in  diameter,  cut  to  the  length  of  9 
inches,  in  order  to  be  laid  in  horizontal  strata  within  the  furnace,  one  row  only  being 
placed  above  the  muffle.  When  the  muffle  has  attained  to  a  white-red  heat,  the  sheet 
iron  tray,  bearing  its  enamel  plate,  is  to  be  introduced  with  a  pair  of  pincers  into  the 
front  of  the  muffle,  and  gradually  advanced  towards  its  further  end.  The  mouth  of  the 
muffle  is  to  be  then  closed  with  two  pieces  of  charcoal  only,  between  which  the  artist 
may  see  the  progress  of  the  operation.  Whenever  the  enamel  begins  to  flow,  the  tray 
must  be  turned  round  on  its  base  to  ensure  equality  of  temperature  ;  and  as  soon  as  the 
whole  surface  is  melted,  the  tray  must  be  withdrawn  with  its  plate,  but  slowly,  lest  the 
vitreous  matter  be  cracked  by  sudden  refrigeration. 

The  enamel  plate,  when  cold,  is  to  be  washed  in  very  dilute  nitric  acid,  and  after- 
wards in  cold  water,  and  a  second  coat  of  granular  enamel  paste  is  to  be  applied,  with 
the  requisite  precautions.  This,  being  passed  through  the  fire,  is  to  be  treated  in  the 
same  way  a  third  time,  when  the  process  will  be  found  complete.  Should  any  chinks 
happen  to  the  enamel  coat,  they  must  be  widened  with  a  graver,  and  the  space 
being  filled  with  ground  enamel,  is  to  be  repaired  in  the  muffle.  The  plate,  covered 
with  a  pure  white  enamel,  requires  always  to  be  polished  and  smoothed  with  sandstone 
and  water,  particularly  if  the  article  have  a  plane  surface;  and  it  is  then  finally  glazed 
at  the  fire. 

The  painting  operation  now  follows.  The  artist  prepares  his  enamel  colors  by  pound- 
ing them  in  an  agate  mortar,  with  a  pestle  of  agate,  and  grinding  them  on  an  agate  slab, 
with  oil  of  lavender,  rendered  viscid  by  exposure  to  the  sun  in  a  shallow  vessel,  loosely 
covered  with  gauze  or  glass.  The  grinding  of  two  drachms  of  enamel  pigment  into  an 
impalpable  powder,  will  occupy  a  laberer  a  whole  day.  The  painter  should  have  along- 
side of  him  a  stove  in  which  a  moderate  fire  is  kept  up,  for  drying  his  work  whenever 
the  figures  are  finished.     It  is  then  passed  through  the  muffle. 

Enamelling  at  the  Lamp. — The  art  of  the  lamp  enameller  is  one  of  the  most  agreeable 
and  amusing  that  we  know.  There  is  hardly  a  subject  in  enamel  which  may  not  be 
executed  by  the  lamp-flame  in  very  little  time,  and  more  or  less  perfectly,  according  to 
the  dexterity  of  the  artist,  and  his  acquaintance  with  the  principles  of  modelling. 

In  working  at  the  lamp,  tubes  and  rods  of  glass  and  enamel  must  be  provided,  of  all 
sizes  and  colors. 

The  enamelling  table  is  represented  in  fig.  373,  round  which  several  woi-kmen,  with 
their  lamps,  may  be  placed,  while  the  large  double  bellows  d  below  is  set  a-blowing  by  a 
treadle  moved  with  the  foot.  The  flame  of  the  lamp,  when  thus  impelled  by  a  powerful 
jet  of  air,  acquires  surprising  intensity.  The  bent  nozzles  or  tubes,  A  A  a  A,  are  made 
of  glass,  and  are  drawn  to  points  modified  to  the  purpose  of  the  enameller. 

Fig.  374  shows,  in  perspective,  the  lamp  a  of  the  enameller  standing  in  its  cistern  b  ; 
the  blowpipe  c  is  seen  projecting  its  flame  obliquely  upwards.  The  blowpipe  is  adjust- 
able in  an  elastic  cork  d,  which  fills  up  exactly  the  hole  of  the  table  into  which  it  enters. 
When  only  one  person  is  to  work  at  a  table  provided  with  several  lamps,  he  sits  down  at 
the  same  side  with  the  pedal  of  the  bellows ;  he  takes  out  the  other  blowpipes,  and  plugs 
the  holes  in  the  table  with  solid  corks. 

The  lamp  is  made  of  copper  or  tin-plate,  the  wick  of  cotton  threads,  and  either  tallow 
or  oil  may  be  used.  Between  the  lamp  and  the  workman  a  small  boai'd  or  sheel'.'of 
white  iron  b,  called  the  screen,  is  interposed  to  protect  his  eyes  from  the  glare  of  light. 
The  screen  is  fastened  to  the  table  by  a  wooden  stem,  and  it  throws  its  shadow  on  his 
face. 
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The  enamelling  workshop  ought  to  admit  little  or  no  daylight,  otherwise  the  artist,  not 
■perceiving  his  flame  distinctly,  would  be  apt  to  commit  mistakes. 

It  is  impossible  to  describe  all  the  manipulations  of  this  ingenious  art,  over  which 
taste  and  dexterity  so  entirely  preside.  But  we  may  give  an  example.  Suppose  the 
enameller  wishes  to  make  a  swan.  He  takes  a  tube  of  white  enamel,  seals  one  of 
its  ends  hermetically  at  his  lamp,  and  while  the  matter  is  sufficiently  hot,  he  blows  on 
it  a  minikin  flask,  resembling  the  body  of  the  bird;  he  draws  ont,  and  gracefully  bends 
the  neck  ;  he  shapes  the  head,  the  beak,  and  the  tail ;  then,  with  slender  enamel  rods 
of  a  proper  color,  he  makes  the  eyes;  he  next  opens  up  the  beak  with  pointed 
scissors;  he  forms  the  wings  and  the  legs ;  finally  attaching  the  toes,  the  bird  stands 
complete. 

The  enameller  also  makes  artificial  eyes  for  human  bein?s,  imitating  so  perfectly  the 
colors  of  the  sound  eye  of  any  individual,  as  to  render  it  difficult  to  discover  that  he  has 
a  blind  and  a  seein?  one. 

It  is  difficult  to  make  larse  articles  at  the  blowpipe ;  those  which  surpass  5  or  6  inches 
become  nearlv  unmanageable  by  the  most  expert  workman. 

EPSOM  SALTS.     Sulphate  of  Magnesia. 

EQUIVALENTS,  CHEMICAL.  (Stdchiomeirie,  Germ.)  This  expression  was  first 
employed  by  Dr.  Wollaslon,  to  denote  the  primary  proportions  in  which  the  various 
chemical  bodies  reciprocally  combine ;  the  numbers  represcnling  these  proportions 
being  referred  to  one  standard  substance  of  general  interest,  such  as  oxygen  or  hydrogen 
reckoned  unity,  or  1,000.  Dr.  Dalton,  who  is  the  true  author  of  the  grand  discovery 
of  definite  and  multiple  chemical  ratios,  calls  these  equivalent  numbers  atomic  iceights, 
when  reduced  to  their  lowest  terms,  either  hydrogen  or  oxygen  being  the  radix  of  the 
scale.  Though  it  belongs  lo  a  chemical  work  to  discuss  the  principles  and  develop  the 
applications  of  the  Atomic  Theory,  I  shall  be  careful,  upon  all  proper  occasions,  to 
point  out  the  vast  advantages  which  the  chemical  manufacturer  may  derive  from  if,  and 
to  show  how  much  he  may  economize  and  improve  his  actual  processes  by  its  means. 
See  Element. 

ESSENCES  are  either  ethereous  oils,  in  which  all  the  fragrance  of  vegetable  products 
reside;  or  the  same  combined  and  diluted  with  alcohol.     See  On.s,  Ethekf.ous. 

ESSENCE  D'ORIENT,  the  name  of  a  pearly  looking  matter  procured  from  the 
blay  or  bleak,  a  fish  of  the  genus  cyprinus.  This  substance,  which  is  found  principally 
at  the  base  of  the  scales,  is  used  in  the  manufacture  of  artificial  pearls.  A  larse  quan- 
tity of  the  scales  beinsr  scraped  into  water  in  a  tub,  are  there  rubbed  between  the  hands 
to  separate  the  shinini;  stulf,  which  subsides  on  repose.  The  first  water  being  decanted, 
more  is  added  with  agitation  til!  the  essence  is  thoroughly  washed  from  all  impurities; 
when  the  whole  is  thrown  upon  a  sieve;  the  substance  ])a-~ses  through,  but  the  scales 
are  retained.  The  water  being  decanted  off,  the  essence  is  procured  in  a  vi=cid  state,  of 
a  bluish  white  color,  and  a  pearly  aspect.  The  intestines  of  the  same  fish  are  also 
covered  with  this  beautiful  glistening  matter.  Several  other  fish  yield  it,  but  in  smaller 
proportion.  When  well  prepared,  it  presents  exactly  the  appearance  and  reflections  of 
the  real  pearls,  or  the  finest  mother  of  pearl;  properties  which  are  probably  owing  to  the 
interposition  of  some  portions  of  this  same  substance,  between  the  laminaj  of  these 
shelly  concretions.  Its  chemical  nature  has  not  been  investiaated  ;  it  putrefies  readily 
when  kept  moist,  an  accident  which  may,  however,  b»  counteracted  by  water  of  ammo- 
nia.    See  Pearls. 

ETCHING  Varnish.  (Je'zgruvd-Derkfrnis'i,  Germ.)  Though  the  practice  of  this 
elesant  art  does  not  come  within  the  scope  of  our  Dictionary,  the  preparation  of  the  var- 
nishes, and  of  the  bilins  menstrua  which  it  employs,  legitimately  does. 

The  varnish  of  Mr.  LaM'rence,  an  English  artist  resident  in  Paris,  is  made  as  follows: 
Take  of  virgin  wax  and  asphaltum,  each  two  ounces,  of  black  pitch  and  burgundy-pitch 
each  half  an  ounce.  Melt  the  wax  and  pitch  in  a  new  earthenwaie  slazed  pot,  and  mid 
to  them,  by  degrees,  the  asphaltum,  finely  powdered.  Let  ti:e  wliole  boil  till  such  time 
as  that,  taking  a  drop  upon  a  plate,  it  will  break  when  it  is  cold,  on  bending  it  double 
two  or  three  times  betwixt  the  fingers.  The  varnish,  being  then  enough  boiled,  must  he 
taken  oft'  the  fire,  and  after  it  cools  a  little,  must  be  poured  into  warm  water  that  it  may 
■work  the  more  easily  with  the  hands,  so  as  to  be  formed  into  balls,  which  must  bs 
kneaded,  and  put  into  a  piece  of  taffety  for  use. 

Care  must  be  taken,  first,  that  the  fire  be  not  too  violent,  for  fear  of  burning  the 
ingredients,  a  slight  simmering  being  sufficient ;  secondly,  iliat  whilst  the  asphaltiun  is 
putting  in,  and  even  after  it  is  mixed  with  the  mgredicnls,  they  should  be  stirred  con- 
tinually with  the  spatula;  and  thirdly,  that  the  water  into  which  this  composition  is 
thrown  should  be  nearly  of  the  same  degree  of  warmth  with  it,  in  order  to  prevent  a 
kind  of  cracking  that  happens  when  the  water  is  too  cold. 

The  varnish  ought  always  to  be  made  harder  in  summer  than  in  winter,  and  it  will 
become  so  if  it  be  srifl'ered  to  boil  longer,  or  if  a  greater  proportion  of  the  asphaltum  or 
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brown  rosin  be  used.  The  experiment  above  mentioned,  of  the  drop  suffered  to  cool, 
will  determine  the  degree  of  hardness  or  softness  that  may  be  suitable  to  tlie  season 
when  it  is  used. 

Preparation  of  the  hard  varnish  used  by  Callot,  commonly  called  the  Florence  Var- 
nish : — Take  four  ounces  of  fat  oil  very  clear,  and  made  of  good  linseed  oil,  like  that 
used  by  painters ;  heat  it  in  a  clean  pot  of  glazed  earthenware,  and  afterwards  put  to  it 
four  ounces  of  mastick  well  powdered,  and  stir  the  mixture  briskly  till  the  whole  be  well 
melted,  then  pass  the  mass  through  a  piece  of  fine  linen  into  a  glass  bottle  with  a  long 
neck,  that  can  be  stopped  very  securely  ;  and  keep  it  for  the  use  that  will  be  explained 
below. 

Method  of  applying  the  soft  varnish  to  the  plate,  and  of  blackening  it : — The  plate 
being  well  polished  and  burnished,  as  also  cleansed  from  all  greasiness  by  chalk  or  Span- 
ish white,  fix  a  hand-vice  on  the  edge  of  the  plate  where  no  work  is  intended  to  be,  to 
serve  as  a  handle  for  managing  it  when  waim*;  then  put  it  upon  a  chafing  dish,  in  which 
there  is  a  moderate  fire,  and  cover  the  whole  plate  equally  with  a  thin  coat  of  the  var- 
nish ;  and  whilst  the  plate  is  warm,  and  the  varnish  upon  it  in  a  fluid  state,  beat  every 
part  of  the  varnish  gently  with  a  small  ball  or  dauber  made  of  cotton  tied  up  in  taflety, 
which  operation  smooths  and  distributes  the  varnish  equally  over  tiie  plate. 

When  the  plate  is  thus  uniformly  and  thinly  covered  with  the  varnisli,  it  must  be 
blackened  by  a  piece  of  flambeau,  or  of  a  large  candle  which  afibrds  a  coj)ious  smoke ; 
sometimes  two  or  even  four  such  candles  are  used  together  for  the  sake  of  despatch,  that 
the  varnish  n^ay  not  grow  cold,  which  if  it  does  during  the  operation,  the  plate  must  be 
heated  again,  that  it  may  be  in  a  melted  state  when  that  operation  is  performed ;  but 
great  care  must  be  taken  not  to  burn  it,  which,  when  it  happens,  may  be  easily  perceived 
by  the  varnish  appearing  burnt,  and  losing  its  gloss. 

The  menstruum  used  and  recommended  by  TuiTell,  an  eminent  London  artist,  for 
etching  upon  steel,  was  prepared  as  follows : — 

Take  Pyroligneous  acid  4  parts  by  measure. 
Alcohol  1  part,  mix,  and  add 

Nitric  acid  1  part. 

This  mixed  liquor  is  to  be  applied  from  I5  to  15  minutes,  according  to  the  depth 
desired.  The  nitric  acid  was  employed  of  the  strength  of  1-28 — the  double  aquafortis  of 
the  shops. 

The  eau  forle  or  menstruum  for  copper,  used  by  Callot,  as  also  by  Piranesi,  with  a  slight 
modification,  is  prepared  with  8  parts  of  strong  French  vinegar, 
4  parts  of  verdigris, 
4  ditto  sea  salt, 
4  ditto  sal  ammoniac, 
1  ditto  alum, 
16  ditto  water. 

The  solid  substances  are  to  be  well  ground,  dissolved  in  the  vinegar,  and  diluted  with 
the  water;  the  mixture  is  now  to  be  boiled  for  a  moment,  and  then  set  .aside  to  cool. 
This  menstruum  is  applied  to  the  washed,  dried,  and  varnished  plate,  after  it  has  suf- 
fered the  ordinary  action  of  aquaf;rtis,  in  order  to  deepen  and  finish  the  delicate  touches. 
It  is  at  present  called  the  eaii,  forte  a  passer. 

ETHER  is  the  name  of  a  class  of  very  light,  volatile,  inflammable,  and  fragrant 
spirituous  liquids,  obtained  by  distilling,  in  a  "glass  retort,  a  mixture  of  alcohol  with 
almost  any  strong  acid.  Every  acid  modifies  the  result,  in  a  certain  degree,  whence 
several  varieties  of  ether  are  produced.  The  only  one  of  commercial  importance  is 
sulphuric  ether,  which  was  first  made  known  under  the  name  of  sweet  oil  of  vitriol, 
in  1540,  by  the  receipt  of  Walterus  Cordus.  Froberus,  190  years  after  that  date, 
directed  the  attention  of  chemists  afresh  to  this  substance,  under  the  new  denomination 
of  elher. 

There  are  two  methods  of  preparing  it ;  by  the  first,  the  whole  quantity  of  acid  and 
alcohol  are  mixed  at  once,  and  directly  subjected  to  distillation  ;  by  the  second,  the  alco- 
hol is  admitted,  in  a  slender  streamlet,  into  a  body  of  acid  previously  mixed  with  a  little 
alcohol,  and  heated  to  220°  Fahr. 

1.  Mix  equal  weights  of  alcohol  at  spec.  grav.  0-830,  and  sulphuric  acid  at  1-842,  by 
introducing  the  former  into  a  large  tubulated  retort,  giving  it  a  -whirling  motion,  so 
that  the  alcohol  may  revolve  round  a  central  conical  cavity.  Into  this  species  of  whirl- 
pool the  acid  is  to  be  slowly  poured.  The  mixture,  which  becumes  warm,  is  to  be 
forthwith  distilled  by  attaching  a  spacious  receiver  to  the  retort,  and  applying  the  heat 
of  a  sand-bath.  The  formation  of  ether  takes  place  or.ly  at  a  certain  temperature.  If 
the  contents  of  the  retort  be  allowed  to  coo*.,  and  be  then  slowly  heated  in  a  water-bath, 
alcohol  alone  will  come  over  for  some  time  without  ether,  till  the  mixture  acquires  the 
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proper  degree  of  heat.  The  first  receiver  should  be  a  globe,  with  a  tube  proceeding 
from  its  bottom,  into  a  second  receiver,  of  a  cylindric  shape,  surrounded  with  ice-cold 
water.  The  joints  must  be  well  secured  by  lutes,  after  the  expanded  air  has  been 
allowed  to  escape.  The  liquid  in  the  retort  should  be  kept  in  a  steady  state  of  ebulli- 
tion. The  ether,  as  long  as  it  is  produced,  condenses  in  the  balloon  and  neck  of  the 
receiver  in  stiice ;  when  these  disappear  the  process  is  completed.  The  retort  must  now 
be  removed  from  the  sand ;  otherwise  it  would  become  filled  with  white  fumes  contain- 
ing sulphurous  acid,  and  denser  striae  would  flow  over,  which  would  contaminate  the 
light  product  with  a  liquid  called  sweet  oil  of  wine. 

The  theory  of  etherification  demonstrates  that  when  strong  sulphuric  acid  is  mixed 
with  alcohol,  there  is  formed,  on  the  one  hand,  a  more  aqueous  sulphuric  acid,  and,  on 
the  other,  sulphovinic  acid.  When  this  mixture  is  made  to  boil,  the  sulphovinic  acid  is 
decomposed,  its  dihydrate  of  carbon  combines  with  the  alcohol,  and  constitutes  ether; 
while  the  proportion  of  sulphovinic  acid  progressively  diminishes.  Mr.  Hennell,  of  the 
Apothecaries'  Hall,  first  explained  these  phenomena,  and  he  was  confirmed  in  his  views 
by  the  interesting  researches  of  Serullas.  The  acid  left  in  the  retort  is  usually  of  a 
black  color,  and  may  be  employed  to  convert  into  ether  half  as  much  alcohol  again ;  an 
experiment  which  may  be  repeated  several  times  in  succession. 

Tlie  most  profitable  way  of  manufacturing  ether  has  been  pointed  out  by  Boullay. 
It  consists  in  letting  the  alcohol  drop  in  a  slender  stream  into  the  acid,  previously  heated 
to  the  etherifying  temperature.  If  the  acid  in  this  case  were  concentrated  to  1-846,  the 
reaction  would  be  too  violent,  and  the  ether  would  be  transformed  into  bicarbureted 
hydrogen  (dihydrate  of  carbon).  It  is  therefore  necessary  to  dilute  the  acid  down  to 
the  density  of  1-780 ;  but  this  dilution  may  be  preferably  effected  with  alcohol,  instead  of 
water,  by  mixing  three  parts  of  the  strongest  acid  with  2  of  alcohol,  specific  gravity 
0-830,  and  distilling  off  a  portion  of  the  ether  thereby  generated  ;  after  which  the  stream 
of  alcohol  is  to  be  introduced  into  the  tubulure  of  the  retort  through  a  small  glass  tube 
plunged  into  the  mixture;  this  tube  being  the  prolongation  of  a  metallic  syphon,  whose 
shorter  les:  dips  into  a  bottle  filled  with  the  alcohol.  The  longer  leg  is  furnished  with  a 
stop-cock,  for  regulating  at  pleasure  the  alcoholic  streamlet.  The  distilled  vapors  should 
be  transmitted  through  a  worm  of  pure  tin,  surrounded  by  cold  water,  and  the  condensed 
fluid  received  in  a  glass  bottle.  The  quantity  of  alcohol  which  can  be  thus  converted 
into  ether  by  a  given  weight  of  sulphuric  acid,  has  not  hitherto  been  accurately  deter- 
mined ;  but  it  is  at  least  double.  In  operating  in  this  way,  neither  sulphurous  acid  nor 
sweet  oil  of  wine  is  generated,  while  the  residuary  liquid  in  the  retort  continues  limpid 
and  of  a  merely  brownish  yellow  color.  No  sulphovinic  acid  is  formed,  and  according  to 
the  experiments  of  Geiger,  the  proportion  of  ether  approaches  to  what  theory  shows  to 
be  tlie  maximum  amount.  In  tact,  57  parts  of  alcohol  of  0-83  sp.  grav.  being  equiva- 
lent to  46-8  parts  of  anhydrous  alcohol,  yield,  according  to  Geiger,  33|  parts  of  ether; 
and  by  calculation  ihey  should  yield  37J. 

The  ether  of  the  first  distillation  is  never  pure,  but  always  contains  a  certain  quantity 
of  alcohol.  The  density  of  that  product  is  usually  0-78,  and  if  prepared  by  the  first  of 
the  above  methods,  contains,  besides  alcohol,  pretty  frequently  sulphurous  acid,  and 
sweet  oil  of  wine ;  impurities  from  which  it  must  be  freed.  Being  agitated  with  its 
bulk  of  milk  of  lime,  both  the  acid  and  the  alcohol  are  removed  at  the  same  time ;  and 
if  it  be  then  decanted  and  agitated,  first  with  its  bulk  of  water,  next  decanted  into  a 
retort  containing  chloride  of  calcium  in  coarse  powder,  and  distilled,  one  third  of  per- 
fectly pure  ether  may  be  drawn  over.  Gay  Lussac  recommends  to  agitate  the  ether, 
first  with  twice  its  volume  of  water,  to  mix  it,  and  leave  it  in  contact  with  powdered 
unslaked  lime  for  12  or  14  hours,  and  then  to  distil  ofi'  one  third  of  pure  ether.  The 
remaining  two  thirds  consist  of  ether  containing  a  little  alcohol.  If  in  preparing  ether 
by  BouUay's  method,  the  alcohol  be  too  rapidly  introduced,  much  of  this  liquid  will 
come  over  unchanged.  If  in  this  state  the  ether  be  shaken  with  water,  a  notable  quan- 
tity of  it  will  be  absorbed,  because  weak  alcohol  dissolves  it  very  copiously.  The  above 
product  should  therefore  be  re-distilled,  and  the  first  half  that  comes  over  may  be  con- 
sidered as  ether,  and  treated  with  water  and  lime.  The  other  half  must  be  exposed 
afresh  to  the  action  of  sulphuric  acid. 

Pure  ether  possesses  the  following  properties.  It  is  limpid,  of  spec.  grav.  0-713,  or 
0-715  at  60°;  has  a  peculiar  penetrating  strong  smell;  a  taste  at  first  acrid,  burning, 
sweetish,  and  finally  cooling.  It  has  neither  an  acid  nor  alkaline  reaction ;  is  a  non- 
conductor of  electricity,  and  refracts  light  strongly.  It  is  very  volatile,  boiling  at 
96°  or  97°  F.,  and  produces  by  its  evaporation  a  great  degree  of  cold.  At  the  tem- 
perature of  62-4,  the  vapor  of  ether  balances  a  column  of  mercury  15  inches  high, 
or  half  the  weight  of  the  atmosphere.  When  ether  is  cooled  to  — 24°  F.  it  begins  to 
crystallize  in  brilliant  white  plates,  and  at  — 47°  it  becomes  a  white  crystalline  solid. 
When  vapor  of  ether  is  made  to  traverse  a  red  hot  porcelain  tube,  it  deposites  within  it 
one  half  per  cent,  of  charcoal,  and  there  are  condensed  in  the  receiver  one  and  two  thirds 
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per  cent,  of  a  brown  oil,  partly  in  crystalline  scales,  and  partly  viscid.  The  crystalline 
portion  is  soluble  in  alcohol,  but  the  viscid  only  in  ether.  The  remainder  of  the  decom- 
posed ether  consists  of  bi-carbureteJ  hydrogen  gas,  tetrahydric  carburet,  carbonic  oxyde 
gas,  and  one  per  cent,  at  most  of  gaseous  carbonic  acid. 

Ether  takes  fire  readily,  even  at  some  distance  from  a  flame,  and  it  should  not  there- 
fore be  poured  from  one  vessel  to  another  in  the  neighborhood  of  a  lighted  candle.  It 
may  be  likewise  set  on  fire  by  the  electric  spark.  It  burns  all  away  with  a  bright  fuligi- 
nous flame.  When  the  vapor  of  ether  is  mixed  with  10  times  its  volume  of  oxygen,  it 
burns  with  a  violent  explosion,  absorbs  6  times  its  bulk  of  oxygen,  and  produces  4  times 
its  volume  of  carbonic  acid  gas. 

Ether  alters  gradually  with  contact  of  air ;  absorbing  oxygen,  and  progressively  chang- 
ing into  acetic  acid  and  water.  This  conversion  takes  place  very  rapidly  when  the  ether 
is  boiled  in  an  open  vessel,  while  the  acid  enters  into  a  new  combination  forming  acetic 
ether.  Ether  should  be  preserved  in  bottles  perfectly  full  and  well  corked,  and  kept  in 
a  cool  place,  otherwise  it  becomes  sour,  and  is  destroyed.  In  contains  in  this  state  15  per 
cent,  of  its  bulk  of  azote,  but  no  oxygen  gas,  as  this  has  combined  with  its  elements. 
Ether  is  composed  of  oxygen  21-24;  hydrogen  ]3'85;  carbon  65-05.  This  composi- 
tion may  be  represented  by  1  prime  equivalent  of  water,  and  4  primes  of  bi-carburetted 
hydrogen  gas;  ;n  other  words,  ether  contains  for  1  prime  of  water,  once  as  much  olefiant 
gas  as  alcohol,  and  its  prime  equivalent  is  therefore  468-15  to  oxygen  100.  By  my  ana- 
lysis, as  published  in  the  Phil.  Trans,  for  1822,  ether  is  composed  of  oxygen  27-10;  hy- 
drogen 13-3;  and  carbon  59-6  in  100  parts.  The  density  of  my  ether  was  0-700. 
One  volume  of  vapor  of  ether  consists  of  one  volume  of  aqueous  vapor  and  two 
volumes  of  olefiant  gas  (bi-carbureted  hydrogen),  while  alcohol  consists  of  two  volumes 
of  each. 

ETHER,  ACETIC,  is  used  to  flavor  silent  corn  spirits  in  making  imitation  brandy.  It 
may  be  prepared  by  mixing  20  parts  of  acetate  of  lead,  10  parts  of  alcohol,  and  11|  of 
concentrated  sulphuric  acid;  or  16  of  the  anhydrous  acetate,  5  of  the  acid,  and  4|  of  ab- 
solute alcohol ;  distilling  the  mixture  in  a  glass  retort  into  a  very  cold  receiver,  agitating 
along  with  weak  potash  ley  the  liquor  which  comes  over,  decanting  the  supernatant  ether, 
and  rectifying  it  by  re-distillation  over  magnesia  and  gi'ound  charcoal. 

Acetic  ether  is  a  colorless  liquid  of  a  fragrant  smell  and  pungent  taste,  of  spec.  grav. 
0-866  at  45°  F.,  boiling  at  166°  F.,  burning  with  a  yellowish  flame,  and  disengaging  fumes 
of  acetic  acid.     It  is  soluble  in  8  parts  of  water. 

Acetic  ether  may  be  economically  made  with  3  parts  of  acetate  of  potash,  3  of  very 
strong  alcohol,  and  2  of  the  strongest  sulphuric  acid,  distilled  together.  The  first  product 
must  be  re-distilled  along  with  one  fifth  of  its  weight  of  sulphuric  acid  j  as  much  ether 
will  be  obtained  as  there  was  alcohol  employed. 

ETHIOPS  is  the  absurd  name  given  by  the  alchemists  to  certain  black  metallic  prepar- 
ations. Martial  elhiops  was  the  black  oxyde  of  iron  ;  mineral  ethiops,  the  black  sulphuret 
of  mercury  ;  and  ethiops  per  se,  the  black  oxyde  of  mercury. 

EVAPORATION  (Eng.  and  Fr. ;  Abdampfm;  Mdunslen,  Germ.)  is  the  process  by 
which  any  substance  is  converted  into,  and  carried  off  in,  vapor.  Though  ice,  camphor, 
and  many  other  solids  evaporate  readily  in  dry  air,  I  shall  consider,  at  present,  merely  the 
vaporization  of  water  by  heat  artificially  applied. 

The  vapor  of  water  is  an  elastic  fluid,  whose  tension  and  density  depend  upon  the 
temperature  of  the  water  with  which  it  is  in  contact.  Thus  the  vapor  rising  from 
water  heated  to  165°  F.  possesses  an  elastic  force  capable  of  supporting  a  column  of  mer- 
cury 10-8  high  ;  and  its  density  is  such  that  80  cubic  feet  of  such  vapor  contain  one  pound 
weight  of  water;  whereas  32|  cubic  feet  of  steam  of  the  density  corresponding  to  a  tem- 
perat\ire  of  212°  and  a  pressure  of  30  inches  of  mercury,  weigh  one  pound.  When  the 
temperature  of  the  water  is  given,  the  elasticity  and  specific  gravity  of  the  vapor  emitted 
by  it  may  be  found. 

Since  the  vapor  rises  from  the  water  only  in  virtue  of  the  elasticity  due  to  its  gaseous 
nature,  it  is  obvious  that  no  more  can  be  produced,  unless  what  is  already  incumbent  up- 
on the  liquid  have  its  tension  abated,  or  be  withdrawn  by  some  means.  Suppose  the 
temperature  of  the  water  to  be  midway  between  freezing  and  boiling,  viz.,  122°  Fahr.,  as 
also  that  of  the  air  in  contact  with  it,  to  be  the  same  but  replete  with  moisture,  so  that 
its  interstitial  spaces  are  filled  with  vapor  of  corresponding  elasticity  and  specific  gra- 
vity with  that  given  off  by  the  water,  it  is  certain  that  no  fresh  formation  of  vapor  can 
take  place  in  these  circumstances.  But  the  moment  a  portion  of  vapor  is  allowed  to  es- 
cape, or  is  drawn  ofl"  by  condensation  to  another  vessel,  an  equivalent  portion  of  vapor 
will  be  immediately  exhaled  from  the  water. 

The  pressure  of  the  air  and  of  other  vapors  upon  the  surface  of  water  in  an  open  vessel, 
does  not  prevent  evaporation  of  the  liquid ;  it  merely  retards  its  progress.  Experience 
shows  that  the  space  filled  with  an  elastic  fluid,  as  air  or  other  gaseous  body,  is  capable 
of  receiving  as  much  aqueous  vapor  as  if  it  were  vacuous,  only  the  repletion  of  that 
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space  with  the  vapor  proceeds  more  slowly  in  the  former  predicament  than  in  the  lat-  ^ 
ter,  but  in  both  cases  it  arrives  eventually  at  the  same  pitch.  Dr.  Dalton  has  very  in- 
geniously proved,  that  the  particles  of  aeriform  bodies  present  no  permanent  obstacle  to 
the  introduction  of  a  gaseous  atmosphere  of  another  kind  among  them,  but  merely  obstruct 
its  diffusion  momentarily,  as  if  by  a  species  of  friction.  Hence,  exhalation  at  atmospheric 
temperatures  is  promoted  by  the  mechanical  diffusion  of  the  vapors  through  the  air  with 
ventilating  fans  or  cliimney  draughts ;  though  under  brisk  ebullition,  the  force  of  the 
steam  readily  overcomes  that  mechanical  obstruction. 

The  quantities  of  water  evaporated  under  difl'erent  temperatures  in  like  times,  are 
proportional  to  the  elasticities  of  the  steam  corresponding  to  these  temperatures.  A 
vessel  of  boiling  water  exposing  a  square  foot  of  surface  to  the  fire,  evaporates  725 
grains  in  the  minute ;  the  elasticity  of  the  vapor  is  equivalent  to  30  inches  of  mercury. 
To  find  the  quantity  that  would  be  evaporated  from  the  same  surface  per  minute  at  a 
heat  of  88°  F.  At  this  temperature  the  steam  incumbent  upon  water  is  capable  of  sup- 
porting 1-28  inch  of  mercury ;  whence  the  rule  of  proportion  is  30  :  1-28  :  :  725  :  30-93  ; 
showing  that  about  31  grains  of  water  would  be  evaporated  in  the  minute.  If  the  air 
contains  already  some  aqueous  vapor,  as  it  commonly  does,  then  the  quantity  of  evapora- 
tion will  be  proportional  to  the  diflerence  between  the  elastic  force  of  that  vapor,  and 
what  rises  from  the  water. 

Suppose  the  air  to  be  in  the  hygrometric  state  denoted  by  0'38  of  an  inch  of  mercury, 
then  the  above  formula  will  become:  30  :  1-28  —  0-38  :  :  725  :  21-41 ;  showing  that  not 
more  than  21|  grains  would  be  evaporated  per  minute  under  these  circumstances. 

The  elastic  tension  of  the  atmospheric  vapor  is  readily  ascertained  by  the  old  ex- 
periment of  Le  Roi,  which  consists  in  filling  a  glass  cylinder  (a  narrow  tumbler  for 
example)  with  cool  spring  water,  and  noting  its  temperature  at  the  instant  it  becomes 
so  warm  that  dew  ceases  to  be  deposited  upon  it.  This  temperature  is  that  which  corre- 
sponds to  the  elastic  tension  of  the  atmospheric  vapor.     See  Vapok,  Table  of. 

Whenever  the  elasticity  of  the  vapor,  corresponding  to  the  temperature  of  the  water, 
is  greater  than  the  atmospheric  pressure,  the  evaporation  will  take  place  not  only  from 
its  surface,  but  from  every  point  in  its  interior ;  the  liquid  particles  throughout  the 
mass  assuming  the  gaseous  form,  as  rapidly  as  they  are  actuated  by  the  caloric,  which 
subverts  the  hydrostatic  equilibrium  among  them,  to  constitute  the  phenomena  of  ebul- 
lition. This  turbulent  vaporization  takes  place  at  any  temperature,  even  down  to  the 
freezing  point,  provided  the  pneumatic  pressure  be  removed  from  the  liquid  by  the 
air  pump,  or  any  other  means.  Ebullition  always  accelerates  evaporation,  as  it  serves 
to  carry  off  the  aqueous  particles  not  simply  from  the  surface,  but  from  the  whole  body 
of  the  water. 

The  vapors  exhaled  from  a  liquid  at  any  temperature,  contain  more  heat  than  the 
fluid  from  which  they  spring ;  and  they  cease  to  form  whenever  the  supply  of  heat  into 
the  liquid  is  stopped.  Any  volume  of  water  requires  for  its  conversion  into  vapor  five 
and  a  half  times  as  much  heat  as  is  sufficient  to  lieat  it  from  the  freezing  to  the  boiling 
temperature.  The  heat,  in  the  former  case,  seems  to  be  absorbed,  being  inappreciable  by 
the  thermometer  ;  for  steam  is  no  hotter  tlian  the  boiling  water  from  which  it  rises.  It 
has  been  therefore  called  latent  heat;  in  contradistinction  to  that  perceived  by  the  touch 
and  measured  by  the  thermometer,  which  is  called  sensible  heat.  The  quantity  of  heat 
absorbed  by  one  volume  of  water  in  its  conversion  into  steam,  is  about  1000°  Fahr. ; 
it  would  be  adequate  to  heat  1000  volumes  of  water,  one  degree  of  the  same  scale ;  or 
to  raise  one  volume  of  boiling  water,  confined  in  a  non-conducting  vessel,  to  1180°. 
Were  the  vessel  charged  with  water  so  heated,  opened,  it  would  be  instantaneously  emp- 
tied by  vaporization,  since  the  whole  caloric  equivalent  to  its  constitution  as  steam,  is 
present.  When,  upon  he  other  hand,  steam  is  condensed  by  contact  with  cold  sub- 
stances, so  much  heat  is  set  free  as  is  capable  of  heating  five  and  a  half  times  its  weight 
of  water,  from  32^  to  212°  F.  If  the  supply  of  heut  to  a  copper  be  uniform,  five  hours 
and  a  half  will  be  required  to  drive  off  its  water  in  steam,  provided  one  hour  was  taken 
in  heating  the  water,  from  the  freezing  to  the  boiling  pitch,  under  the  atmospherical 
pressure. 

Equal  weights  of  vapor  of  any  temperature  contain  equal  quantities  of  heat ;  for 
example,  the  vapor  exhaled  from  one  pound  of  water,  at  77°  F.,  absorbs  during  its 
formation,  and  will  give  out  in  its  condensation,  as  much  heat  as  the  steam  produced  by 
one  pound  of  water,  at  2l2°  F.  The  first  portion  of  vapor  with  a  tension=30  inches, 
occupies  a  space  of  27-31  cubic  feet;  the  second,  with  a  tension  of  0-92  inch,  occupies  a 
space  of  890  cubic  feet.*  Suppose  that  these  890  volumes  were  to  be  compressed  into 
27-31  in  a  cylinder  capable  of  confining  the  heat,  the  temperature  of  the  vapor  would 
rise  from  77°  to  212°,  in  virtue  of  the  condensation,  as  aii-  becomes  so  hot  by  com- 

*  One  pound  avoirdupois  of  water  contains  27-72  cubic  inches  ;  one  cubic  inch  of  water  forms  1696  cubic 
inches  of  steam  at  212°  F. :  therefore  one  pound  of  water  will  form  27-31  cubic  feet  of  such  steam  :  and  092 : 
30:  :  27-31  :  890  cubic  feet. 


EVAPORATION.  451 

pression  in  a  syringe,  as  to  ignite  amadou.  The  latent  heat  of  steam  at  212°  F.  is 
1180°— 180=1000;  that  of  vapor,  at  77°,  is  1180—45=1135°;  so  that,  in  fact,  the 
lower  the  temperature  at  which  the  vapor  is  exhaled,  the  greater  is  its  latent  heat,  as 
Joseph  Black  and  James  Watt  long  ago  proved  by  experiments  upon  distillation  and  the 
steam  engine. 

From  the  preceding  researches  it  follows,  that  evaporation  may  be  effected  upon  two 
different  plans  : — 

1.  Under  the  ordinary  pressure  of  the  atmosphere ;  and  that  either, 

A,  by  external  application  of  heat  to  boilers,  with  a,  an  open  fire ;  b,  steam ;  c,  hot 
liquid  media. 

B,  by  evaporation  with  air;  a,  at  the  ordinary  temperature  of  the  atmosphere  ;  h,  by 
currents  of  warm  air. 

2.  Under  progressively  lower  degrees  of  pressure  than  the  atmospheric,  down  to 
evaporation  in  as  perfect  a  vacuum  as  can  be  made. 

It  is  generally  affirmed,  that  a  thick  metallic  boiler  obstructs  the  passage  of  the  heat 
through  it  so  much  more  than  a  thin  one,  as  to  make  a  considerable  difference  in  their 
relative  powers  of  evaporating  liquids.  Many  years  ago,  I  made  a  series  of  experiments 
upon  this  subject.  Two  cylindrical  copper  pans,  of  equal  dimensions,  were  provided  ; 
but  the  metal  of  the  one  was  twelve  times  thicker  than  that  of  the  other.  Each  being 
charged  with  an  equal  volume  of  water,  and  placed  either  upon  the  same  hot  plate  of 
iron,  or  immersed,  to  a  certain  depth,  in  a  hot  solution  of  muriate  of  lime,  I  found  that 
the  ebullition  was  greatly  more  vigorous  in  the  thick  than  in  the  thin  vessel,  which  I 
ascribed  to  the  conducting  substance  up  the  sides,  above  the  contact  of  the  source  of 
heat,  being  12  times  greater  in  the  former  case  than  in  the  latter. 

If  the  bottom  of  a  pan,  and  the  portions  of  the  sides,  immersed  in  a  hot  fluid  medium, 
solution  of  caustic  potash  or  muriate  of  lime,  for  example,  be  corrugated,  so  as  to  contain 
a  double  expanse  of  metallic  surface,  that  pan  will  evaporate  exactly  double  the  quantity 
of  water,  in  a  given  time,  which  a  like  pan,  with  smooth  bottom  and  sides,  will  do 
immersed  equally  deep  in  the  same  bath.  If  the  corrugations  contain  three  times  the 
quantity  of  metallic  surface,  the  evaporation  will  be  threefold  in  the  above  circum- 
stances. But  if  the  pan,  with  the  same  corrugated  bottom  and  sides,  be  set  over  a  fire 
or  in  an  oblong  flue,  so  that  the  current  of  flame  may  sweep  along  the  corrugations  it 
will  evaporate  no  more  water  from  its  interior  than  a  smooth  pan  of  like  shape  and 
dimensions  placed  alongside  in  the  same  flue,  or  over  the  same  fire.  This  curious  fact 
I  have  verified  upon  models  constructed  with  many  modifications.  Among  others  I 
caused  a  cylindrical  pan,  10  inches  diameter,  and  6  inches  deep,  to  be  made  of  tin- 
plate,  with  a  vertical  plate  soldered  across  its  diameter ;  dividing  it  into  two  equal 
semi-cylindrical  compartments.  One  of  these  was  smooth  at  the  bottom,  the  other 
corrugated ;  the  former  afforded  as  rapid  an  evaporation  over  the  naked  fire  as  the 
latter,  but  it  was  far  outstripped  by  its  neighbor  when  plunged  into  the  heated  liquid 
medium. 

If  a  shallow  pan  of  extensive  surface  be  heated  by  a  subjacent  fire,  by  a  liquid  medium 
or  a  series  of  steam  pipes  upon  its  bottom  ;  it  will  give  off  less  vapor  in  the  same  time 
when  it  is  left  open,  than  when  partially  covered.  In  the  former  case,  the  cool  in- 
cumbent air  precipitates  by  condensation  a  portion  of  the  steam,  and  also  opposes 
considerable  mechanical  resistance  to  the  diffusion  of  the  vaporous  particles.  In  the 
latter  case,  as  the  steam  issues  with  concentrated  force  and  velocity  from  the  contracted 
orifice,  the  air  must  offer  less  proportional  resistance,  upon  the  known  hydrostatic 
principle  of  the  pressure  being  as  the  areas  of  the  respective  bases,  in  communicating 
vessels. 

In  evaporating  by  surfaces  heated  with  ordinary  steam,  it  must  be  borne  in  mind 
that  a  surface  of  10  square  feet  will  evaporate  fully  one  pound  of  water  per  minute,  or 
725X  10  =  7250  gr.,  the  same  as  over  a  naked  fire;  consequently  the  condensing  sur- 
face must  be  equally  extensive.  Suppose  that  the  vessel  is  to  receive  of  water  2500 
lbs.,  which  corresponds  to  a  boiler  5  feet  long,  4  broad,  and  2  deep,  being  40  cubic 
feet  by  measure,  and  let  there  be  laid  over  the  bottom  of  this  vessel  8  connected  tubes 
each  5  inches  in  diameter  and  5  feet  long,  possessing  therefore  a  surface  of  5  feet  square. 
If  charged  with  steam,  they  will  cause  the  evaporation  of  half  a  pound  of  water  per 
minute.  The  boiler  to  supply  the  steam  for  this  purpose  must  expose  a  surface  of  5 
square  feet  to  the  fire.  It  has  been  proved  experimentally  that  10  square  feet  surface 
of  thin  copper  can  condense  3  lbs.  of  steam  per  minute,  with  a  difference  of  temperature 
of  90  degrees  Fahr.  In  the  above  example,  10  square  feet  evaporate  1  lb.  of  water 
per  minute;  the  temperature  of  the  evaporating  fluid  being  212°  F.,  consequently 
3:1  :  :  90  :  ^^.  During  this  evaporation  the  difference  of  the  temperature  is  there- 
fore =  30°.  Consequently  the  heat  of  the  steam  placed  in  connexion  with  the  inte- 
rior of  the  boiler,  to  produce  the  calculated  evaporation,  should  be,  212 -|- 30  —  242°, 
corresponding  to  an  elastic  force  of  53-6  inches  of  mercury.    Were  the  temperature  of 
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the  steam  only  224,  the  same  boiler  ia  the  same  time  would  produce  a  diminished  quan- 
tity of  steam,  in  the  proportion  of  12  to  30  ;  or  to  produce  the  same  quantity  the  boiler  or 
tubular  surface  should  be  enlarged  in  the  proportion  of  30  to  12.  In  general,  however, 
steam  boilers  employed  for  this  mode  of  evaporation  are  of  such  capacity  as  to  give  an 
unfailing  supply  of  steam. 

I  shall  now  illustrate  by  some  peculiar  forms  of  apparatus,  different  systems  of  eva- 
poration.    Fig.  381  explains  the  principles   of  evaporating  in  vacuo,     a  b  represents 


a  pan  or  kettle  charged  with  the  liquor  to  be  evaporated.  The  somewhat  wide  orifice 
c,  secured  with  a  screw-plug,  serves  to  admit  the  hand  for  the  purpose  of  cleaning  it 
thoroughly  out  when  the  operation  is  finished  ;  h  is  the  pipe  of  communication  with  the 
Steam  boiler;  6  is  a  tube  prolonged  and  then  bent  down  with  its  end  plunged  into  the 
liquor  to  be  evaporated,  contained  in  the  charging  back,  (not  shown  in  the  figure),  h  is 
a  glass  tube  communicating  with  the  vacuum  pan  at  the  top  and  bottom,  to  show  by  the 
height  of  the  column  the  quantity  of  liquid  within.  The  eduction  evaporating  pipe 
c  is  provided  with  a  stop-cock  to  cut  off  the  communication  when  required,  i  is  a  tube 
for  the  discharge  of  the  air  and  the  water  from  the  steam-case  or  jacket;  the  refrigerator 
E  is  best  formed  of  thin  copper  tubes  about  1  inch  in  diameter,  arranged  zig-zag  or  spirally 
like  the  worm  of  a  still  in  a  cylinder.  The  small  air-light  condenser  f,  connected  with 
the  efflux  pipe /of  the  refrigerator,  is  furnished  below  with  jt,  discharge  cock  g,  and 
surrounded  by  a  cooling  case,  for  the  collection  of  the  water  co.idensed  by  the  refriger- 
ator. In  its  upper  part  there  is  a  tube  k,  also  furnished  with  a  cock,  which  communicates 
with  the  steam  boiler,  and  through  which  the  pan  a  b  is  heated. 

The  operation  of  this  apparatus  is  as  follows  :  after  opening  the  cocks  c,  /,  g, 
and  before  admitting  the  cold  Water  into  the  condenser  e,  the  cock  of  the  pipe  k  is 
opened,  in  order  that  by  injecting  steam  it  may  expel  the  included  air ;  after  which  the 
cocks  k  and  g  are  to  be  shut.  The  water  must  now  be  introduced  into  the  condenser, 
and  the  cock  b  opened,  whereon  the  liquid  to  be  evaporated  rises  from  the  charging  back, 
through  the  tube  b,  and  replenishes  the  vacuum  pan  to  the  proper  height,  as  shown  by 
the  register  glass  tube  h.  Whenever  the  desired  evaporation  or  concentration  is  effect- 
ed, the  cock  c  must  be  closed,  the  pipe  k  opened,  so  as  to  fill  the  pan  with  steam,  and 
then  the  efflux  cock  a  is  opened  to  discharge  the  residuary  liquor.  By  shutting  the 
cocks  a  and  fc,  and  opening  the  cock  b,  the  pan  will  charge  itself  afresh  with  liquor,  and 
the  operation  will  be  begun  anew,  after  b  has  been  shut  and  c  opened. 

The  contents  of  the  close  water  cistern  f,  may  be  drawn  ofl'  during  each  operation. 
For  this  purpose,  the  cock  /must  first  be  shut,  the  cold  water  is  to  be  then  run  out  of 
the  condenser  g,  and  k  and  g  are  to  be  opened.  The  steam  entering  by  k  makes  the 
water  flow,  but  whenever  the  steam  itself  issues  from  the  cock  g,  this  orifice  must  be 
immediately  shiif,  the  cock  /  opened,  and  the  cold  water  again  introduced,  whereupon 
the  condensed  water  that  had  meanwhile  collected  in  the  under  part  of  the  refrigerator, 
flows  off  into  the  condenser  vessel  r.     Since  some  air  always  enters  with  the  liquor 
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sucked  into  the  pan,  it  must  be  removed  at  the  lime  of  drawing  off  the  water  from  the 
two  condensers,  by  driving  steam  through  the  apparatus.  This  necessity  will  be  less 
urgent  if  the  liquor  be  made  to  boil  before  being  introduced  into  the  vacuum  pan. 

Such  an  apparatus  may  be  modified  in  size  and  arrangement  to  suit  the  peculiar  object 
in  view,  when  it  will  be  perfectly  adapted  for  the  concentration  of  extracts  of  every  kind, 
as  well  as  saline  solutions  containing  vegetable  acids  or  alkalis.  The  interior  vessel  of 
A  B  should  be  made  of  tinned  or  plated  copper.  For  an  account  of  Howard's  vacuum 
pan,  made  upon  the  same  principle,  see  Sugar. 

When  a  boiler  is  set  over  a  fire,  its  bottom  should  not  be  placed  too  near  the  grate,  lest 
it  refrigerate  the  flame,  and  prevent  that  vivid  combustion  of  the  fuel  essential  to  the 
maximum  production  of  heat  by  its  means.  The  evil  influence  of  leaving  too  little  room 
between  the  grate  and  the  copper  may  be  illustrated  by  a  very  simple  experiment.  If  a 
small  copper  or  porcelain  capsule  containing  water  be  held  over  the  flame  of  a  candle  a 
little  M'ay  above  its  apex,  the  flame  will  suff"er  no  abatement  of  brightness  or  size,  but 
will  continue  to  keep  the  water  briskly  boiling.  If  the  capsule  be  now  lowered  into  the 
middle  of  the  flame,  this  will  immediately  lose  its  brightness,  becoming  dull  and  smoky, 
covering  the  bottom  of  the  capsule  with  soot ;  and  owing  to  the  imperfect  combustion, 
though  the  water  is  now  surrounded  by  the  flame,  its  ebullition  will  cease. 

Fig.  382  is  a  section  of  two  evaporating  coppers  en  suite,  so  mounted  as  to  favor  the 


full  combustion  of  the  I'uel.  a  is  the  hearth,  in  which  wood  or  coal  may  be  burned.  For 
coal,  the  grate  should  be  set  higher  and  be  somewhat  smaller,  a  is  the  door  for  feeding 
the  fire;  d,  an  arch  of  fire-bricks  over  the  hearth;  c,  a  grate  through  which  the  ashes 
fall  into  the  pit  beneath,  capable  of  being  closed  in  front  to  any  extent  by  a  sliding  door 
b.  B  and  c  are  two  coppers  incased  in  brickwork  ;  /  the  flue.  At  the  end  of  the  hearth 
near  m,  where  the  fire  plays  first  upon  the  copper,  the  sole  is  made  somewhat  lower  and 
wider,  to  promote  the  spreading  of  the  flame  under  the  vessel.  The  second  copper,  c, 
receives  the  benefit  of  the  waste  heat;  it  may  be  placed  upon  a  higher  level,  so  as  to 
discharge  its  concentrated  liquor  by  a  slop-cock  or  syphon  into  the  first.  When  coals 
are  burned  for  heating  such  boilers,  the  grate  should  be  constructed  as  shown  in  the 
figure  of  the  brewing  copper,  page  122. 

Fig.  383  represents  a  pan  for  evaporating  liquids,  which  are  apt,  during  concentra- 
tion, to  let  fall  crystals  or  other  sediment. 
These  would  be  injured  either  by  the  fire  play 
ing  upon  the  bottom  of  ihe  pan,  or,  by  adhesion 
to  it,  they  would  allow  the  metal  to  get  red  hot, 
and  in  that  state  run  every  risk  of  being  burnt 
or  rent  on  the  sudden  intrusion  of  a  little  liquor 
through  the  incrustation.  When  large  coppers 
have  their  bottoms  planted  in  loam,  so  that  the 
flame  circulates  in  flues  round  their  sides,  they 
are  said  to  be  cold-set. 

A  is  a  pear-shaped  pan,  charged  with  the 
liquid  to  be  evaporated  ;  it  is  furnished  with  a 
dome  cover,  in  which  there  is  an  opening  with 
a  flange  /,  for  attaching  a  tube,  to  conduct  the 
steam  wherever  it  may  be  required,  a  is  the 
fire-place  ;  b  the  ash-pit.  The  conical  part  ter- 
minates below  in  the  tube  g,  furnished  with  a 
stop-cock  at  its  nozzle  h.  Through  the  lube 
c  d  c',  furnished  above  and  below  with  the  stop- 
cocks c   and   c',  the   liquid   is    run    from   the 
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charging  back  or  reservoir.  During  the  operation,  the  upper  cock  c  is  kept  partially 
open,  to  replace  the  fluid  as  it  evaporates ;  but  the  under  cock  c'  is  shut.  The  flanae 
from  the  fire-place  plays  round  the  kettle  in  the  space  e,  and  the  smoke  escapes  down- 
wards through  the  flue  i  into  the  chimney.  The  lower  cylindrical  part  g  remains  thus 
comparatively  cool,  and  collects  the  crystalline  or  other  solid  matter.  Afler  some  time, 
the  under  stop-cock  c',  upon  the  supply-pipe,  is  to  be  opened  to  admit  some  of  the  cold 
liquor  into  the  cylindrical  neck.  That  cock  being  again  shut,  the  sediment  settled,  and 
the  large  stop  cock  (a  horizontal  slide-valve  would  be  preferable)  h  opened,  the  crystals 
are  suffered  to  descend  into  the  subjacent  receiver;  after  which  the  slop-cock  h  is  shut, 
and  the  operation  is  continued.  A  construction  upon  this  principle  is  well  adapted  for 
heating  dyeing  coppers,  in  which  the  sediment  should  not  be  disturbed,  or  exposed  to  the 
action  of  the  fire.     The  fire-place  should  be  built  as  for  the  brewing  copper. 

Fig.  384  represents  an 

1    I 


oblong  evaporating  pan, 
in  which  the  flame,  after 
beating  along  its  bottom, 
turns  up  at  its  further 
end,  plays  back  along  its 
at^  surface,  and  passes  ofl"  in- 
^=S^gto  the  chimney.  A  is  a 
rectangular  vessel,  from 
10  to  15  feet  long,  4  to  6 
feet  broad,  and  1  or  I| 
feet  deep.  The  fire-bricks,  upon  which  the  pan  rests,  are  so  arranged  as  to  distribute 
the  flame  equably  along  its  bottom. 

EUDIOMETER  is  the  name  of  any  apparatus  subservient  to  the  chemical  examina- 
tion of  the  atmospheric  air.  It  means  a  measure  of  purity,  but  it  is  employed  merely  to 
determine  the  proportion  of  oxysen  which  it  may  contain.  The  explosive  eudiometer,  in 
which  about  two  measures  of  hydrogen  are  introduced  into  a  graduated  glass  tube,  con- 
taining five  measures  of  atmospheric  air,  and  an  electric  spark  is  passed  across  the  mix- 
ture, is  the  best  of  all  eudiometers;  and  of  these  the  syphon  form,  proposed  by  me  in  a 
paper  published  by  the  Royal  Society  of  Edinburgh  in  1819,  is  probably  the  surest  and 
most  convenient.  Volta's  explosive  eudiometer,  as  made  in  Paris,  costs  3  guineas ;  mine 
may  be  had  nicely  graduated  for  6  or  8  shillings. 

EXPANSIOiV  (Eng.  and  Fr. ;  Ausdehnung,  Germ.)  is  the  increase  of  bulk  experienced 
by  all  bodies  when  heated,  unless  a  change  of  chemical  texture  takes  place,  as  in  the 
case  of  clays  in  the  potter's  kiln.  Table  i.  exhibits  the  linear  expansion  of  several  solids 
by  an  increase  of  temperature  from  32'  to  212'^  Fahr. ;  Table  II.  exhibits  the  expansion 
in  bulk  of  certain  liquids. 

Table  I. — Linear  Dilatation  of  Solids  by  Heat. 
Dimensions  which  a  bar  takes  at  212°,  whose  length  at  32°  is  1-000000. 


Dilatation 

Dilatation 

Substances. 

Authority. 

in 

in  Vulgar 

Decimals. 

Fractions 

Glass  tube   -        -         -         -         - 

Smeaton 

1-00083333 

do. 

Roy    - 

l-t")00776l5 

do. 

Deluc'smean  - 

1-00082800 

nVo 

do. 

Dulona;  and  Petit 

1-00086130 

1 

TT78 

do. 

Lavoisier  and  Laplace 

1-00081166 

Plate  glass        .... 

do.                 do. 

1-000890890 

"1125 

do.  crown  glass       -        -        . 

do.                 do. 

1-00087572 

114  2 

do.          do.          ... 

do.                 do. 

1-00089760 

1]  14 
1 

do.          do.              .        -        - 

do.                  do. 

1-00091751 

1090 

do.  rod        .... 

Roy        .         .         - 

1-00080787 

Deal 

Roy,  as  glass 



Plalina 

Borda     - 

1-00085655 

do 

Dulong  and  Petit 

1-00088420 

TTsT 

do. 

Troughton 

1  00099 180 

do.  and  glass  -        .        .         . 

Berthoud     - 

1-00110000 

Palladium         -        -        .        - 

Wollaston 

1-00100000 

Antimony     -        -        .        .        . 

Smeaton 

1-00108300 

Cast-iron  prism         ... 

Roy         -         -         . 

1-00110940 

Cast-iron     ..... 

Lavoisier,  by  Dr  Youn? 

l-OOHini 

Steel         

Troughton 

1-00118990 

EXPANSION. 

455 

Uilatatmii 

Dilatation 

Substances. 

Authority. 

ill 

m  Vulvar 

Decimals. 

Fracliona. 

Steel  rod      - 

. 

Roy          ... 

1-00114470 

Blistered  Steel      - 

. 

Phil.  Trans.  1795,  428 

1-00112500 

do.                  ... 

. 

Smeaton  ... 

1-00115000 

Steel  not  tempered 

. 

Lavoisier  and  Laplace 

1-00107875 

9tT 

do.      do. 

. 

do.                  do. 

1-00107956 

1 
926 

do.  tempered  yellow    - 

- 

do.                  do. 

1-00136900 

do.      do.           do. 

. 

do.                  do. 

1-00138600 

do.      do.          do.  at  a  higher  heat 

do.                  do. 

1-00123956 

_1_ 

Steel   

. 

Troughton 

1-00118980 

8  0  7 

Hard  Steel  -         -        -         . 

_ 

Smeaton  -        .        - 

1-00122500 

Annealed  steel    ... 

. 

Muschenbroek 

1-00122000 

Tempered  steel    -        -        - 

. 

do. 

1-00137000 

Iron    -        -        .        .        . 

. 

Borda       ... 

1-00 11 5600 

do. 

. 

Smeaton  ... 

1-00125800 

Soft  iron,  forged    -         -         . 

. 

Lavoisier  and  Laplace 

1-00122045 

Round  iron,  wire  drawn 

. 

do.                  do. 

1-00123504 

Irott  wire     -         -         -         - 

. 

Troughton 

1-00144010 

Iron    -        -        .        -        . 

. 

Dulong  and  Petit 

1-00118203 

1 

Bismuth       .         .         .        . 

. 

Smeaton  -        .        - 

1-00139200 

846 

Annealed  gold      .        -        - 

. 

Muschenbroek 

1-00146000 

Gold 

. 

Ellicot,  by  comparison 

1-00150000 

do.    procured  by  parting 

- 

Lavoisier  and  Laplace 

1-00146606 

■6  8  2 

do.   Paris  standard,  unannealed 

. 

do.                  do. 

1-001551.55 

1 

do.          do.                annealed 

_ 

do.                  do. 

1-00151361 

6  4  5 

Copper         .        -        -         . 

- 

Muschenbroek 

1-0019100 

661 

do 

. 

Lavoisier  and  Laplace 

1  00172244 

1 
581 

do.            .... 

. 

do.                  do. 

1-00171222 

do.            .... 

. 

Troughton 

1-00191880 

534 

do.            .... 

. 

Dulong  and  Petit 

1-00171821 

1 
SI'S 

Brass           .... 

. 

Borda       ... 

1-00178300 

do.             .... 

- 

Lavoisier  and  Laplace 

1-00186671 

do.             .... 

. 

do.                  do. 

1-00188971 

Brass  scale,  supposed  from  Hamburg 

Roy          ... 

1-00185540 

Cast  brass  .... 

. 

Smeaton  ... 

1-00187500 

English  plate-brass,  in  rod     . 

. 

Roy 

1-00189280 

do.            do.       in  a  trough  form 

do.          ... 

1-00189490 

Brass  -         -        -        -        - 

. 

Troughton 

1-00191880 

Brass  wire  .         -         -        . 

_ 

Smeaton  - 

1-00193000 

Brass 

. 

Muschenbroek 

1-00216000 

Copper  8,  tin  1    . 

. 

Smeaton  -         -         . 

1-00181700 

Silver 

. 

Herbert    - 

1-00189000 

do. 

. 

Ellicot,  by  comparison 

1-0021000 

do. 

_ 

Muschenbroek 

1-00212000 

do.    of  cupel     ... 

_ 

Lavoisier  and  Laplace 

1-00190974 

1 

524 

do.    Paris  standard    - 

. 

do.                  do. 

1-00190868 

Silver           .... 

_ 

Troughton 

1-0020826 

524 

Brass  16,  tin  1     - 

. 

Smeaton  ... 

1-00190800 

Speculum  metal   . 

. 

do.       - 

1-00193300 

Spelter  solder;  brass  2,  zinc  1 

. 

do.       . 

1-00205800 

Malacca  tin          ... 

. 

Lavoisier  and  Laplace 

1-00193765 

1 

5  16 

Tin  from  Falmouth 

. 

do,                  do. 

1-00217298 

Fine  pewter         -         .        - 

_ 

Smeaton  ... 

1-00228300 

TZ^ 

Grain  tin     . 

. 

do.       - 

1-00248300 

Tin 

. 

Muschenbroek 

1-00284000 

Soft  solder ;  lead  2,  tin  1 

. 

Smeaton  ... 

1-00250800 

Zinc  8,  tin  1,  a  little  hammered 

. 

do.       - 

1-00269200 

Lead  .         .         -         .         - 

- 

Lavoisier  and  Laplace 

1-00284836 

1 

33^r 

do. 

. 

Smeaton  -        -        - 

1-00286700 

Zinc    -         -         -         .         - 

_ 

do.       - 

1-00294200 

Zinc,  hammered  out  5  inch  per 

foot 

do.       - 

1-00301100 

1 

Glass,  from  32°  to  212^^ 

. 

Dulong  and  Petit      . 

1-00086130 

TTcr 

do.      from  212°  to  392°       - 

. 

do.               do. 

1-00091827 

To¥9 

do.      from  392°  to  572°       - 

- 

do.               do. 

1-000101114 

1 

The  last  two  measurements  by  an  air  thermometer. 
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TABLE  II, 
Expansion  of  certain  Liquids  by  being  Heated  from  32°  lo  212°. 


Substances. 

Authority. 

Expansiou 

in 
Decimals. 

Expansion 
in  Vulgar 
Fractions. 

Mercury    -            -            -            - 

Dulong  and  Petit 

0-01801800 

1 
S5T 

do.       in  glass    -            -            - 

do.               do. 

0-01543200 

1 

65 

1 

Water,  from  its  maximum  density 

Kirwan 

0-04332 

Muriatic  acid  (sp.  gr.  M37) 

Dalton 

0-0600 

1 

Niti'ic  acid  (sp.  gr.  1-40)    - 

do. 

0-1100 

1. 

Sulphuric  acid  (sp.  gr.  1-85) 

do. 

0-0600 

1 

Alcohol  (to  its  boiling  point)  ? 

do. 

0-1100 

17 

1 

Water       .... 

do. 

0-0460 

9 
_1_ 

Water,  saturated  with  common  salt 

do. 

005C0 

1 
T4 

Sulphuric  ether  (to  its  boiling  point)  ? 

do. 

0-0700 

Fixed  oils              ... 

do. 

0-0800 

l^'s 

Oil  of  turpentine    -            -            . 

do. 

0-0700 

tV 

of  the  to- 


If  the  density  of  water  at  39°  be  called    -  -  .         1-00000, 

at  212°  it  becomes  -  -  -         0-9548, 

and  its  volume  has  increased  to      .  .         10473  4; 

at  77°  it  becomes    ...  -        0-9973587, 

and  its  volume  has  increased  to  only  -         1-00265, 

which,  though  one   fourth  of  the  whole  range  of  temperature,  is  only  _L 
tal  expansion.     Water  at  60°  F.  has  a  specific  gravity  of  -        0-9991953,  ^^ 

and  has  increased  in  volume  from  39°  to     -         1-00008, 
which  is  only  about  .^1-  of  the  total  expansion  to  212°,  with  _i-  of  the  total  range  of 
temperature.  *^ 

All  gases  expand  the  same  quantity  bv  the  same  increase  of  temperature,  which  from 
32°  to  212°  Fahr.  =  1|^°  =  |,  or  100  volumes  become  1-375.  For  each  degree  of  Fahr. 
the  expansion  is  -j-l-^. 

When  dry  air  is  saturated  with  moisture,  its  bulk  increases,  and  its  specific  gravity 
diminishes,  because   aqueous  vapor  is  less  dense  than  air,  at  like  temperatures. 

The  following  table  gives  the  multipliers  to  be  employed  for  converting  one  volume  of 
moist  gas  at  the  several  temperatures  into  a  volume  of  dry  gas. 


Temperature. 

Multiplier. 

Temperature. 

Multiplier. 

53°  F. 

0-9870 

64° 

0-9799 

54 

0-9864 

65 

0-9793 

55 

0-9858 

66 

0-9786 

56 

0-9852 

67 

0-9779 

57 

0-9846 

68 

0-9772 

58 

0-9839 

69 

0-9765 

59 

0-9833 

70 

0-9758 

60 

0-9827 

71 

0-9751 

61 

0-9820 

72 

0-9743 

62 

0-9813 

73 

0-9735 

63 

0-9806 

EXTRACTS.  (Extraits,  Fr. ;  Extraden,  Germ.)  The  older  apothecaries  used  this 
term  to  designate  the  product  of  the  evaporation  of  any  vegetable  juice,  infusion,  or 
decoction;  whether  the  latter  two  were  made  with  water,  alcohol,  or  ether;  whence 
arose  the  distinction  of  aqueous,  alcoholic,  and  elhereous  extracts. 

Fourcroy  made  many  researches  upon  these  preparations,  and  suppo.sed  that  they  had 
all  a  common  basis,  which  he  called  the  extractive  principle.  But  Chevreul  and  other 
chemists  have  since  proved  that  this  pretended  principle  is  a  heterogeneous  and  very 
variable  compound.  By  the  term  extract,  therefore,  is  now  meant  merely  the  whole  of 
the  soluble  matters  obtained  from  vegetables,  reduced  by  careful  evaporation  to  either  a 
pasty  or  solid  consistence.  The  watery  extracts,  which  are  those  most  commonly  made, 
are  as  various  as  the  vegetables  which  yield  them ;  some  containing  chiefly  sugar  or 
gum  in  great  abundance,  and  are  therefore  innocent  or  inert ;  while  others  con- 
tain very  energetic  impregnations.  The  conduct  of  the  evaporating  heat  is  the 
capital  point  in  the  preparation  of  extracts.  They  should  be  always  prepared,  if 
possible,  from  the  juice  of  the  fresh  plant,  by  subjecting  its  leaves  or  other  succulent 
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part,  to  the  action  of  a  powerful  screw  or  hydraulic  press ;  and  the  evaporation  should 
be  effected  by  the  warmth  of  a  water-bath,  heated  not  beyond  100°  or  120°  F.  Steam 
heat  may  perhaps  be  applied  advantageously  in  some  cases,  where  it  is  not  likely  to 
decompose  any  of  the  principles  of  the  plant.  But  by  far  the  best  process  for  making 
extracts  is  in  vacuo,  upon  the  principles  explained  in  the  article  Evaporation.  It  is 
much  easier  to  fit  up  a  proper  apparatus  of  this  kind,  than  most  practical  men  imagine. 
The  vacuum  may  either  be  made  through  the  agency  of  steam,  as  there  pointed  out,  or 
by  means  of  an  air-pump.  One  powerful  air-pump  may  form  and  maintain  a  good 
vacuum  under  several  receivers,  placed  upon  the  flat-ground  flanges  of  so  many  basins, 
each  provided  with  a  slop-cock  at  its  side  for  exhaustion.  The  airless  basin  containing 
the  juice  being  set  on  the  shelf  of  a  water-bath,  and  exposed  to  a  proper  temperature, 
will  furnish,  in  a  short  time,  a  large  quantity  of  medicinal  extract,  possessing  the  prop- 
erties of  the  plant  unimpaired. 

For  exceedingly  delicate  purposes,  the  concentration  may  be  performed  in  the  cold,  by 
placing  saucers  filled  with  the  expressed  juice  over  a  basin  containing  sulphuric  acid, 
putting  a  glass  receiver  over  them  and  exhausting  its  air. 

F. 

FAHLERZ.  Gray  copper-ore,  called  also  Panabase,  from  the  many  oxydes  it  contains. 

FAINTS  is  the  name  of  the  impure  spirit,  which  comes  over  first  and  last  in  the  distil- 
lation of  whiskey;  the  former  being  called  the  strong,  and  the  latter,  which  is  much 
more  abundant,  the  weak  faints.  This  crude  spirit  is  much  impregnated  with  fetid 
essential  oil,  is  therefore  very  unwholesome,  and  must  be  purified  by  rectification. 

FAN  (Eventail,  Fr. ;  Fdcher,  Germ.)  is  usually  a  semi-circular  piece  of  silk  or  paper, 
pasted  double,  enclosing  slender  slips  of  wood,  ivory,  tortoise-shell,  whale-bone,  &c., 
arranged  like  the  tail  of  a  peacock,  in  a  radiating  form,  and  susceptible  of  being  folded 
together,  and  expanded  at  pleasure.  This  well-known  hand  ornament  is  used  by  ladies 
to  cool  their  faces  by  agitating  the  air.  Fans  made  of  feathers,  like  the  wing  of  a  bird, 
have  been  employed  from  time  immemorial  by  the  natives  of  tropical  countries. 

Fan  is  also  the  name  of  the  apparatus  for  winnowing  corn.  For  an  account  of  the 
powerful  blowing  and  ventilating  fan  machine,  see  Foundry  and  Ventilatok. 

Farina  {Fartm,  Fr.  I  Mehl,  Germ.)  is  the  flour  of  any  species  of  corn,  or  starchy 
root,  such  as  potato,  arrow  root,  k,c.    See  Bread  and  Starch. 

FATS  {Graisses,  Fr. ;  Fette,  Germ.)  occur  in  a  great  number  of  the  animal 
tissues,  being  abundant  under  the  skin  in  what  is  called  the  cellular  membrane,  round 
the  kidneys,  in  the  folds  of  the  omentum,  at  the  base  of  the  heart,  in  the  mediastinum, 
the  mesenteric  webb,  as  well  as  upon  the  surface  of  the  intestines,  and  among  many  of 
the  muscles.  They  vary  in  consistence,  color,  and  smell,  according  to  the  animals 
from  which  they  are  obtained ;  thus,  they  are  generally  fluid  in  the  cetaceous  tribes, 
soft  and  rank-flavored  in  the  carnivorous,  solid  and  nearly  scentless  in  the  ruminants, 
usually  white  and  copious  in  well-fed  young  animals ;  yellowish  and  more  scanty  in  the 
old.  Their  consistence  varies  also  according  to  the  organ  of  their  production  ;  being 
firmer  under  the  skin,  and  in  the  neighborhood  of  the  kidneys,  than  among  the  moveable 
viscera.  Fat  forms  about  one  twentieth  of  the  weight  of  a  healthy  animal.  But  as 
taken  out  by  the  butcher  it  is  not  pure,  for  being  of  a  vesicular  structure,  it  is  always 
enclosed  in  membranes,  mixed  with  blood,  blood-vessels,  lymphatics,  &c.  These  foreign 
matters  must  first  be  separated  in  some  measure  mechanically,  after  the  fat  is  minced 
small,  and  then  rhore  completely  by  melting  it  along  with  hot  water,  passing  it  through 
a  sieve,  and  letting  the  whole  cool  very  slowly.  By  this  means  a  cake  of  cleansed  fat 
will  be  obtained.  Many  plans  of  purifying  fats  have  been  proposed ;  one  of  the  best  is 
to  mix  two  per  cent,  of  strong  sulphuric  acid  with  a  quantity  of  water,  in  which  the 
tallow  is  heated  for  some  time  with  much  stirring ;  to  allow  the  materials  to  cool,  to 
take  off  the  supernatant  fat,  and  re-melt  it  with  abundance  of  hot  water.  More  tallow 
will  thus  be  obtained,  and  that  considerably  whiter  and  harder  than  is  usually  procured 
by  the  melters. 

I  have  found  that  chlorine  and  chloride  of  lime  do  not  improve,  but  rather  deterio- 
rate, the  appearance  of  oils  and  other  fatty  bodies.  According  to  Appert,  minced  suet 
subjected  to  the  action  of  high-pressure  steam  in  a  digester,  at  250''  or  260°  F.,  becomes 
so  hard  as  to  be  sonorous  when  struck,  whiter,  and  capable,  when  made  into  candles,  of 
giving  a  superior  light.  A  convenient  mode  of  rendering  minced  tallow,  or  melting  it,  is 
to  put  it  in  a  tub,  and  drive  steam  through  it  from  numerous  orifices  in  ramifying  pipes 
placed  near  the  bottom.  Mr.  Watt  assures  me  that  his  plan  of  purifying  fats,  patented 
in  March,  1836,  has  been  quite  successful.  He  employs  dilute  sulphuric  acid,  to  which 
he  adds  a  little  nitric  acid,  with  a  very  small  quantity  of  bichromate  of  potash,  "to  sup- 
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ply  oxygen,"  and  some  oxalic  acid.  These  are  mixed  with  the  fat  in  the  steaming  tub. 
When  the  lumps  of  it  are  nearly  dissolved,  he  takes  for  every  ton  of  fat,  one  pound  of 
strong  nitric  acid,  diluted  with  one  quart  of  water ;  to  which  he  adds  two  ounces  of 
alcohol,  naptha,  sulphuric  ether,  or  spirits  of  turpentine ;  and  after  introducing  this  mix- 
ture, he  continues  the  boiling  for  half  an  hour.  The  fat  is  finally  washed. — As  I  do  not 
comprehend  the  modus  operandi  of  these  ingredients,  I  shall  abstain  from  any  comment 
upon  the  recipe. 

Others  have  proposed  to  use  vegetable  or  animal  charcoal  first,  especially  for  ranciu 
oils,  then  to  heat  them  with  a  solution  of  sulphate  of  copper  and  common  salt,  which  is 
supposed  to  precipitate  the  fetid  albuminous  matter.  Milk  of  lime  has  been  also  pre- 
scribed; but  it  is,  I  believe,  always  detrimental. 

Davidson  treats  whale  oil  with  infusion  of  tan,  in  order  to  separate  the  gelatine  and 
albumine  in  flocks ;  next  with  water  and  chloride  of  lime,  to  destroy  the  smell ;  and 
lastly,  with  dilute  sulphuric  acid,  to  precipitate  all  the  lime  in  the  state  of  a  sulphate.  This 
is  certainly  one  of  the  cheapest  and  most  effective  methods  of  purifying  that  substance. 

Braconnot  and  Raspail  have  shown  that  solid  animal  fats  are  composed  of  very  small, 
microscopic,  partly  polygonal,  partly  reniform  particles,  which  are  connected  together 
by  very  thin  membranes.  These  may  be  ruptured  by  mechanical  means,  then  separated 
by  triturating  the  fresh  fats  with  cold  water,  and  passing  the  unctuous  matter  through 
a  sieve.  The  particles  float  in  the  water,  but  eventually  collect  in  a  white  granular 
crystalline  appearance,  like  starch.  Each  of  them  consists  of  a  vesicular  integument,  of 
the  nature  of  stearine,  and  an  interior  fluid  like  elaine,  which  afterwards  exudes.  The 
granules  float  in  the  water,  but  subside  in  spirits  of  wine.  When  digested  in  strong 
alcohol,  the  liquid  part  dissolves,  but  the  solid  remains.  These  particles  diff'er  in  shape 
and  size,  as  obtained  from  different  animals;  those  of  the  calf,  ox,  sheep,  are  polygonal, 
from    1    to  -1—  of  an  inch  in  diameter;  those  of  the  sow  are  kidney-shaped,  and  from  J— 

oUooO  '_  oO 

to  -,1^  ;  those  of  man  are  polvgonal,  and  from  -J_  to  -J^;  those  of  insects  are  spherical, 

loo  r      .  ^3  J  5  (J  600  '^  ' 

and  at  most  — i—  of  an  inch. 

Fats  all  melt  at  a  temperature  much  under  212°  F.  When  strongly  heated  with  con- 
tact of  air,  they  diffuse  white  pungent  fumes,  then  blacken,  and  take  fire.  When  sub- 
jected to  distillation,  they  afford  a  changed  fluid  oil,  carbureted  hydrogen,  and  the  other 
products  of  oily  bodies.  Exposed  for  a  certain  time  to  the  atmosphere,  they  become 
rancid,  and  generate  the  same  fat  acids  as  they  do  by  saponification.  In  their  fresh 
state  they  are  all  composed  principally  of  stearine,  margarine,  and  oleine,  with  a  little 
coloring  and  odorous  matter ;  and,  in  some  species,  hircine,  from  the  goat ;  phocenine, 
from  the  dolphin  ;  and  butyrine,  from  butter.  By  subjecting  them  to  a  great  degree  of 
cold,  and  compressing  them  between  folds  of  blotting  paper,  a  residuum  is  obtained,  con- 
sisting chiefly  of  stearine  and  margarine ;  the  latter  of  which  may  be  dissolved  out  by 
oil  of  turpentine. 

Beef  and  Mutton  Suet. — When  fresh,  this  is  an  insipid,  nearly  inodorous  fat,  of  a  firm 
consistence,  almost  insoluble  in  alcohol,  entirely  so  if  taken  from  the  kidneys  and  mesen- 
teric web  of  the  ox,  the  sheep,  the  goat,  and  the  stag.  It  varies  in  its  whiteness,  con- 
sistence, and  combustibility,  with  the  species  and  health  of  the  animals.  That  of  the 
sheep  is  very  white  and  vei^  solid.  They  may  all  be  purified  in  the  manner  above  de- 
scribed. Strong  sulphuric  acid  developes  readily  the  acid  fats  by  stirring  it  through 
melted  suet.  Alkalis,  by  saponification,  give  ris^  at  once  to  the  three  acids, — the  stearic, 
margaric,  and  oleic.  Beef  suet  consists  of  stearine,  margarine,  and  oleine;  mutton  and 
goat  suet  contain  a  little  hircine.  The  specific  gravity  of  the  tallow  of  which  common 
candles  are  made  is,  by  my  experiments,  0-936.  The  melting  point  of  suet  is  from  98° 
to  104°  F.  The  proportion  of  solid  and  fluid  fat  in  it  is  somewhat  variable,  but  the  for- 
mer is  in  much  larger  proportion.  Mutton  suet  is  soluble  in  44  parts  of  boiling  alcohol, 
of  0-820  ;  beef  suet  in  44  parts.  Marrow  fat  consists  of  76  of  stearine,  and  24  of  oleine ; 
it  melts  at  115°  F. 

Hog's-lard  is  soft,  fusible  at  81°  F.,  convertible,  by  an  alkaline  solution,  into  a  stearate, 
margarate,  oleate,  and  glycerine.  Its  sp.  grav.  is  0-938,  at  50°  F.  It  consists  of  62  of 
oleine,  and  38  of  stearine,  in  100  parts. 

Goose-fat  consists  of  68  oleine  and  32  stearine. 

Butter,  in  summer,  consists  of  60  of  oleine  and  40  of  stearine ;  in  winter,  of  35  of 
oleine,  and  65  of  stearine ;  the  former  substance  being  yellow,  and  the  latter  white. 
It  differs,  however,  as  produced  from  the  milk  of  different  cows,  and  also  according  to 
their  pasture. 

The  ultimate  constituents  of  stearine,  according  to  Chevreul,  are  79  carbon,  11-7 
hydrogen,  and  9-3  oxygen,  in  100  parts. 

1,294,009  cwts.  of  the  tallow  imported  in  1837  were  retained  for  internal  consumption. 
See  Margarine,  Oleine,  Soap,  Stearine. 

FAULTS  {Failles,  Fr.),  in  mining,  are  disturbances  of  the  strata  which  interrupt 
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the  miner's  operations,  and  put  him  at  fault,  to  discover  where  the  vein  of  ore  or  bed  of 
coal  has  been  thrown  by  the  convulsions  of  nature.  Many  examples  of  faults  are  exhib- 
ited under  Pitcoal. 

FEATHERS  (Plumes,  Fr. ;  Federn,  Germ.)  constitute  the  subject  of  the  manufacture 
of  the  Plurnassier,  a  name  given  by  the  French  (and  also  the  English)  to  the  artisan  who 
prepares  the  feathers ,of  certain  birds  forornaments  to  the  toilet  of  ladies  and  for  military 
men,  and  to  hjm  also  who  combines  the  feathers  in  various  forms.  We  shall  content  our- 
selves with  describing  the  method  of  preparing  ostrich  feathers,  as  most  others  are  pre- 
pared in  the  same  way. 

Several  qualiti^  are  distinguished  in  the  feathers  of  the  ostrich ;  those  of  the  male,  in 
particular,  are  whiter  and  more  beautiful.  Those  upon  the  back  and  above  the  wings 
are  preferred;  next,  those  of  the  wings,  and  lastly,  of  the  tail.  The  down  is  merely  the 
feathers  of  the  other  parts  of  the  body,  which  vary  in  length  from  4  to  14  inches.  This 
down  is  black  in  the  males,  and  gray  in  the  females.  The  finest  white  feathers  of  the 
female  have  always  their  ends  a  little  grayish,  which  lessens  their  lustre,  and  lowers  their 
price.  These  feathers  are  imported  from  Algiers,  Tunis,  Alexandria,  Madagascar,  and 
Senegal;   this  being  the  order  of  their  value. 

The  scouring  process  is  thus  performed  : — 4  ounces  of  white  soap,  cut  small,  are  dis- 
solved in  4  pounds  of  water,  moderately  hot,  in  a  large  basin  ;  and  the  solution  is  made 
into  a  lather  by  beating  with  rods.  Two  bundles  of  the  feathers,  tied  with  packthread, 
are  then  introduced,  and  are  rubbed  well  with  the  hands  for  five  or  six  mmutes.  After 
this  soaping  they  are  washed  in  clear  water,  as  hot  as  the  hand  can  bear. 

The  whitening  or  bleaching  is  performed  by  three  successive  operations. 

1.  They  are  immersed  in  hot  water  mixed  with  Spanish  white,  and  well  agitated  in  it; 
after  which  they  are  washed  in  three  waters  in  succession. 

2.  The  feathers  are  azured  in  cold  water  containing  a  little  indigo  tied  up  in  a  fine  cloth. 
They  should  be  passed  quickly  through  this  bath. 

3.  They  are  sulphured  in  the  same  way  as  straw  hats  are  (See  Sulphuring)  ;  they  are 
then  dried  by  hanging  upon  cords,  when  they  must  be  well  shaken  from  time  to  time  to 
open  the  fibres. 

The  ribs  are  scraped  with  a  bit  of  glass  cut  circularly,  in  order  to  render  them  very 
pliant.  By  drawing  the  edge  of  a  blunt  knife  over  the  filaments  they  assume  the  curly 
form  so  much  admired.  The  hairs  of  a  dingy  color  are  dyed  black.  For  20  pounds 
of  feathers,  a  strong  decoction  is  made  of  25  pounds  of  logwood  in  a  proper  quantity  of 
water.  After  boiling  it  for  6  hours,  the  wood  is  taken  out,  3  pounds  of  copperas  are 
thrown  in ;  and,  after  continuing  the  ebullition  for  15  or  20  minutes,  the  copper  is  taken 
from  the  fire.  The  feathers  are  then  immersed  by  handfuls,  thoroughly  soaked,  and  worked 
about ;  and  left  in  for  two  or  three  days.  They  are  next  cleansed  in  a  very  weak  alkaline 
ley,  and  soaped  thi'ee  several  times.  When  they  feel  very  soft  to  the  touch,  they  must 
be  rinsed  in  cold  water,  and  afterwards  dried.  White  feathers  are  very  difficult  to  dye 
a  beautiful  black.  The  acetate  of  iron  is  said  to  answer  better  than  the  sulphate,  as  a 
mordant. 

For  dying  other  colors,  the  feathers  should  be  previously  well  bleached  by  the  action 
of  the  sun  and  the  dew ;  the  end  of  the  tube  being  cut  sharp  like  a  toothpick,  and  the 
feathers  being  planted  singly  in  the  grass.  After  fifteen  days'  exposure,  they  are  cleared 
with  soap  as  above  described. 

Rose  color  or  pink,  is  given  with  safflower  and  lemon  juice. 

Beep  red,  by  a  boiling  hot  bath  of  Brazil  wood,  after  aluming. 

Crimson.     The  above  deep  red  feathers  are  passed  through  a  bath  of  cudbear. 

Prune  de  Monsieur.     The  deep  red  is  passed  through  an  alkaline  bath. 

Blues  of  every  shade,  are  dyed  with  the  indigo  vat. 

Yellow;  after  aluming,  with  a  bath  of  turmeric  or  weld. 

Other  tints  may  be  obtained  by  a  mixture  of  the  above  dyes. 

Feathers  have  some  more  useful  employments  than  the  decoration  of  the  heads  of 
women  and  soldiers.  In  one  case,  they  supply  us  with  a  soft  elastic  down  on  which  we 
can  repose  our  wearied  frames,  and  enjoy  sweet  slumbers.  Such  are  called  bed  feathers. 
Others  are  employed  for  writing,  and  these  are  called  quills. 

Goose  feathers  are  most  esteemed  for  beds,  and  they  are  best  when  plucked  from  the 
living  bird,  which  is  done  thrice  a  year,  in  spring,  midsummer,  and  the  beginning  of 
harvest.  The  qualities  sought  for  in  bed  feathers,  are  softness,  elasticity,  lightness,  and 
warmth.  Their  only  preparation  when  cleanly  gathered  is  a  slight  beating  to  clear 
away  the  loose  matter,  but  for  this  purpose  they  must  be  first  well  dried  either  by  the  sun 
or  a  stove.  Bleaching  with  lime  water  is  a  bad  thing,  as  they  never  can  be  freed  from 
white  dust  afterwards. 

The  feathers  of  the  eider  duck,  anas  mollissima,  called  eider  down,  possess  in  a  supe- 
rior degree  all  the  good  qualities  of  goose  down.  It  is  used  only  as  a  covering  to  beds, 
and  never  should  be  slept  upon,  as  it  thereby  loses  its  elasticity. 
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Quills  for  writing.  These  consist  usually  of  the  feathers  plucked  out  of  the  wings  of 
geese.  Dutch  quills  have  been  highly  esteemed,  as  the  Dutch  were  the  first  who  hit  upon 
the  art  of  preparing  them  well,  by  clearing  them  both  inside  and  outside  from  a  fatty 
humor  with  which  they  are  naturally  impregnated,  and  which  prevents  the  ink  from  flow- 
ing freely  along  the  pens  made  with  them.  The  Dutch  lor  a  long  time  employed  hot 
cinders  or  ashes  to  attain  this  end ;  and  their  secret  was  preserved  very  carefully,  but  it 
at  length  transpired,  and  the  process  was  then  improved.  A  bath  of  very  fine  sand  must 
be  kept  constantly  at  a  suitable  temperature,  which  is  about  140°  F.  ;  into  this,  the  quill 
end  of  the  feather  must  be  plunged,  and  left  in  it  a  few  instants.  On  taking  them  out 
they  must  be  strongly  rubbed  with  a  piece  of  flannel,  after  which  they  are  found  to  be 
white  and  transparent.  Both  carbonate  of  potash  in  solution  and  dilute  sulphuric  acid 
have  been  tried  to  eflect  the  same  end,  but  without  success.  The  yellow  tint  which  gives 
quills  the  air  of  age,  is  produced  by  dipping  them  for  a  little  in  dilute  muriatic  acid,  and 
then  making  them  perfectly  dry.  But  this  process  must  be  preceded  by  the  sand-bath 
operation.     The  above  is  the  French  process. 

Quills  are  dressed  by  the  London  dealers  in  two  ways;  by  the  one,  they  remain  of  their 
natural  color;  by  the  other,  they  acquire  a  yellow  tint.  The  former  is  called  the  Dutch 
method,  and  the  principal  workman  is  called  a  Dutcher.  He  sits  before  a  small  stove  fire, 
into  which  he  thrusts  the  barrel  of  the  quill  for  about  a  second,  then  lays  its  root  quickly 
below  his  blunt-edged  knife  called  a  hook,  and,  pressing  this  firmly  with  the  left  hand, 
draws  the  quill  briskly  through  with  his  right.  The  bed  on  which  the  quill  is  laid  to  re- 
ceive this  pressure  is  called  the  plate.  It  is  a  rectangular  smooth  lump  of  iron,  about  3 
inches  long,  1^  broad,  and  2§  thick,  which  is  heated  on  his  stove  to  about  the  350th  de- 
gree Fahr.  The  hook  is  a  ruler  of  about  15  inches  in  length,  somewhat  like  the  patten- 
maker's  knife,  its  fulcrum  being  formed  at  the  one  end  by  a  hook  and  staple,  and  the 
power  of  pressure  being  applied  by  the  hand  at  the  other  end.  The  quill,  rendered  soft 
and  elastic  by  the  heat,  endures  the  strong  scraping  action  of  the  tool,  and  thus  gels 
stripped  of  its  opaque  outer  membrane,  without  hazard  of  being  split.  A  skilful  work- 
man can  pass  2000  quills  through  his  hands  in  a  day  of  10  hours. 

They  are  next  cleaned  by  being  scrubbed  by  a  woman  with  a  piece  of  rough  dog-fish 
skin,  and  finally  tied  up  by  a  man  in  one  quarter  of  a  hundred  bundles. 

In  another  mode  of  dressing  quills,  they  are  steeped  a  night  in  decoction  of  turmeric,  to 
stain  them  yellow;  taken  out  and  dried  in  warm  sand  contained  in  a  pot, then  scraped  by 
the  Dutcher  as  above  described.  The  first  are  reckoned  to  make  the  best  pens,  though 
the  second  may  appear  more  beautiful. 

Crow  quills  for  draughtsmen,  as  well  as  swan  quills,  are  prepared  in  the  same  way. 
The  quills  plucked  from  well-fed  living  birds  have  most  elasticity,  and  are  least  subject  to 
be  moth-eaten.  The  best  are  those  plucked,  or  which  are  spontaneously  cast  in  the 
month  of  May  or  June,  because  they  are  then  fully  ripe.  In  the  goose's  wing  the  five 
exterior  feathers  only  are  valuable  for  writing.  The  first  is  the  hardest  and  roundest  of 
all,  but  the  shortest.  The  next  two  are  the  best  of  the  five.  They  are  sorted  into  those 
of  the  right  and  the  left  wing,  which  are  diflerently  bent.  The  heaviest  quills  are,  gen- 
erally speaking,  the  best.  Lately,  steaming  for  four  hours  has  been  proposed  as  a  good 
preparation. 

FECULA  (Fecule,  Fr. ;  Sldrkemehl,  Germ.)  sometimes  signifies  corn  flour,  sometimes 
starch  from  whatever  source  obtained. 

FELDSPAR  (Orihose,  Fr. ;  Feldspalh,  Germ.)  is  a  mineral  crjstallizing  in  oblique 
rhomboidal  prisms,  susceptible  of  two  clivages ;  lustre  more  pearly  than  vitreous ; 
spec.  grav.  2-39  to  2-58 ;  scratches  glass ;  yields  no  water  when  calcined  ;  fusible  at 
the  blowpipe  into  a  white  enamel ;  not  affected  by  acids.  The  liquid  left  from  its 
analytical  treatment  with  nitrate  of  baryta,  nitric  acid,  and  carbonate  of  ammonia, 
affords  on  evaporation  an  alkaline  residuum  which  precipitates  platina  from  its  chloride, 
and  appears  from  this,  as  well  as  other  tests,  to  be  potash.  Feldspar  consists  of — silica, 
66-75;  alumina,  17-50 ;  potash,  12;  lime,  1-25;  oxyde  of  iron,  0*75.  Rose.  This 
mineral  is  a  leading  constituent  of  granite  ;  and  in  its  decomposed  state  furnishes  the 
petuntse  or  Cornish  stone,  so  much  used  in  the  porcelain  and  best  pottery  manu- 
factures. 

FELTING  (Feutrage,  Fr. ;  Filzen,  Germ.)  is  the  process  by  which  loose  flocks 
of  wool,  and  hairs  of  various  animals,  as  the  beaver,  rabbit,  hare,  &c.,  are  mutually  in- 
terlaced into  a  compact  textile  fabric.  The  first  step  towards  making  felt  is  to  mix,  in 
the  proper  proportions,  the  different  kinds  of  fibres  intended  to  form  the  stuff;  and  then, 
by  the  vibratory  strokes  of  the  bowstiing,  to  toss  them  up  in  the  air,  and  to  cause  them 
to  fall  as  irregularly  as  possible,  upon  the  table,  opened,  spread,  and  scattered.  The 
workman  covers  this  layer  (.f  loose  flocks  with  a  piece  of  thick  blanket  stuff  slightly 
moistened ;  he  presses  it  with  his  hands,  moving  the  hairs  backwards  and  forwards  in 
all  directions.  Thus  the  diflerent  fibres  get  interlaced,  by  their  ends  pursuing  ever  tor- 
tuous paths ;  their  vermicular  motion  being  always,  however,  root  foremost.      As  the 
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matting  gets  denser,  the  hand  pressure  should  be  increased  in  order  to  overcome  the  in- 
creasing resistance  to  the  decussation. 

A  first  thin  sheet  of  soft  spongy  felt  being  now  formed,  a  second  is  condensed  upon  it 
in  like  manner,  and  then  a  third,  till  the  requisite  strength  and  thickness  be  obtained. 
These  dill'erent  pieces  are  successively  brought  together  disposed  in  a  way  suitable  to  the 
wished-for  article,  and  united  by  continued  dexterous  pressure.  The  stuff  must  be  next 
subjected  to  the  fulling-mill.     See  Hat  Manufacture. 

FERMENT  (Eng.  and  Fr. ;  Hefe,  Germ.)  is  the  substance  Avhich,  when  added  in  a 
small  quantity  to  vegetable  or  animal  fluids,  tends  to  excite  those  intestine  motions  and 
changes  which  accompany  fermentation.  It  seems  to  be  the  result  of  an  alteration  which 
vegetable  albumen  and  gluten  undergo  with  contact  of  air  amidst  a  fermenting  mass. 
The  precipitate  or  lees  which  fall  down  when  fermentation  is  finished  consist  of  a  mix- 
ture of  the  fermenting  principle  with  the  insoluble  matters  contained  in  the  fermented 
liquor,  some  of  which,  like  hordeine,  existed  in  the  worts,  and  others  are  probably  genera- 
ted at  the  time. 

To  prepare  a  pure  ferment,  or  at  least  a  compound  rich  in  that  principle,  the  precipi- 
tate separated  during  the  fermentation  of  a  clear  infusion  of  malt,  commonly  called 
yeast  or  barm,  is  made  use  of.  This  pasty  matter  must  be  washed  in  cold  distilled  water, 
drained  and  squeezed  between  the  folds  of  blotting  paper.  By  this  treatment  it  becomes 
a  pulverulent  mass,  composed  of  small  transparent  grains,  yellowish  gray  when  viewed 
in  the  compound  microscope.  It  contains  much  water,  and  is  therefore  soft,  like  moist 
gluten  and  albumen.  When  dried,  it  becomes  like  these  bodies,  translucid,  yellowish 
brown,  horny,  hard,  and  brittle.  In  the  soft  humid  state  it  is  insipid,  inodorous,  in- 
soluble in  water  and  alcohol.  If,  in  this  state,  the  ferment  be  left  to  itself  at  a  tempera- 
ture of  from  60°  to  70"  F.,  but  not  in  too  dry  a  situation,  it  putrefies  with  the  same  phe- 
nomena as  vegetable  gluten  and  albumen,  and  leaves,  like  them,  a  residuum  resembling 
old  cheese. 

At  the  beginning  of  this  change,  particularly  if  the  ferment  be  enclosed  in  a  limited 
portion  of  air,  there  is  an  absorption  of  oxygen  gas  with  a  fivefold  disengagement  of  car- 
bonic acid  gas;  while  acetic  acid  makes  its  appearance  in  the  substance.  When  distilled 
by  itself  it  affords  the  same  products  as  gluten.  Dilute  acids  dissolve  it  very  readily  ; 
and  so  does  potash  with  the  production  of  ammonia,  a  peculiar  circumstance,  for  in  dis- 
solving gluten  the  alkali  causes  no  such  evolution. 

The  property  possessed  by  yeast  of  determining  the  fermentation  of  a  properly  diluted 
solution  of  sugar  is  very  fleeting,  and  is  lost  by  very  trifling  alterations.  It  is  destroyed 
by  complete  desiccation,  and  cannot  be  restored  by  moistening  it  again.  The  attempts 
made  in  London  to  squeeze  out  the  liquid  part  of  yeast  in  bags  placed  in  a  powerful  press, 
and  to  obtain  a  solid  cake,  in  order  to  transport  ferment  to  India,  have  had  but  a  very 
partial  success  ;  for  its  virtue  is  so  impaired  that  it  Avill  rarely  excite  a  perfect  fermenta- 
tion in  the  best  prepared  worts.  The  same  method  is  adopted  in  Germany,  to  send  yeast 
to  only  moderate  distances ;  and  therefore  with  more  advantage. 

If  yeast  be  boiled  for  ten  minutes,  it  loses  the  greater  part  of  its  fermenting  power, 
and  by  longer  boiling  it  becomes  inert. 

When  alcohol  is  poured  upon  yeast,  it  immediately  destroys  its  fermenting  faculties, 
though,  on  filtering  it  off,  it  seems  to  carry  no  remarkable  principle  with  it.  One  thou- 
sandth part  of  sulphuric  acid  equally  deprives  yeast  of  its  peculiar  propertj',  and  so  does 
a  little  strong  acetic  acid.  All  the  acids  and  the  salts,  especially  those  which  part  readily 
with  their  oxygen,  produce  the  same  effect.  A  very  small  quantity  of  sulphurous  acid, 
or  sulphites,  mustard  powder,  particularly  the  volatile  oil  of  mustard,  and  in  general  the 
volatile  oils  that  contain  sulphur,  as  well  as  the  vegetables  which  yield  them,  such  as 
horse-radish  and  garlic,  all  kill  the  fermenting  agent.  Lastly,  fermentation  is  completely 
stopped  by  a  moderate  depression  of  temperature. 

During  fermentation  the  yeast  undergoes  a  change ;  it  loses  the  property  of  causing 
another  wort  to  ferment.  This  change  probably  depends  upon  the  chemical  reaction 
between  the  ferment  and  the  sugar  that  is  decomposed ;  for  a  certain  quantity  of  yeast 
can  effect  the  fermentation  of  only  a  certain  quantity  of  sugar,  and  all  the  sugar  exceed- 
ing this  quantity  remains  unaltered  in  the  liquor.  It  has  been  concluded  from  some  rath- 
er loose  experiments,  that  one  part  and  a  half  of  yeast  (supposed  to  be  in  the  dry  state) 
is  adequate  to  the  fermentation  of  a  solution  of  100  parts  of  pure  sugar.  When  such 
a  solution  is  fermented  by  the  precise  proportion  of  yeast,  the  fermenting  principle  is  ex- 
hausted, for  no  new  yeast  is  formed  in  it.  There  is  a  deposite  indeed  to  about  half  the 
■weight  of  the  yeast  employed,  of  a  white  matter  insoluble  in  water,  which  affords  no  am- 
monia by  dry  distillation,  and  is  incapable  of  acting  as  a  ferment  upon  a  fresh  saccharine 
solution. 

Of  all  the  bodies  convertible  into  yeast  during  fermentation,  vegetable  gluten 
and  albumen  possess  the  most  rapid  and  energetic  powers.  But  ordinary  glue,  ising- 
glass,  animal  fibrine,  cuid  or  caseum,  albumine,  urine,  and  other  azotized  substances,  all 
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enjoy  the  property  of  causing  a  solution  of  sugar  to  ferment ;  with  this  difference,  that 
whilst  yeast  can  establish  a  complete  fermentation  in  less  than  an  hour,  at  a  temperature 
of  about  68°,  the  above  substances  require  several  days,  with  a  heat  of  from  77°  to  87" 
F.,  for  becoming  ferments,  and  for  occasioning  fermentation.  Substances  devoid  of  nitro- 
gen do  not  produce  a  ferment. 

FERMENTATION.  (Eng.  and  Fr. ;  Gahrung,  Germ.)  When  organic  substances, 
under  the  influence  of  water,  air,  and  warmth,  are  abandoned  to  the  reciprocal  operation 
of  their  proximate  principles  (sugar,  starch,  gluten,  &c.),  they  are  entirely  changed  and 
decomposed,  so  that  their  ultimate  principles  (oxygen,  hydrogen,  carbon,  and  in  some  cases 
azote)  combine  in  new  proportions,  and  thus  give  birth  to  various  new  compounds.  To 
this  process,  the  general  name  of  fermentation  has  been  given.  These  operations  and 
their  products  differ  according  to  the  diflerences  of  the  substance?,  and  of  the  circumstan- 
ces in  which  they  are  placed.  The  following  may  be  enumerated  as  sufficiently  distinct 
species  of  fermentation.  1.  The  saccharine  fermentation,  in  which  slarch  and  gum  are 
changed  into  sugar.  2.  The  vinous  fermentation,  in  which  sugar  is  converted  into  alco- 
hol. 3.  The  mvcilaginons  fermentation,  in  which  sugar  is  converted  into  slime,  instead 
of  alcohol.  4.  The  ace.tovs  fermentation,  in  which  alcohol  and  other  substances  are  con- 
verted into  vinegar.  5.  The  putrid  fermentation  or  putrefaction,  which  characterizes 
particularly  the  decomposition  of  azotized  organic  substances. 

1.  The  saccharine  fermentation.  When  a  paste  made  by  boiling  one  part  of  starch 
with  twelve  parts  ofWater  is  left  entirely  to  itself,  water  merely  being  stirred  in  as  it 
evaporates,  at  the  end  of  a  month  or  two  in  summer  weather  it  is  changed  into  sugar, 
equal  in  weight  to  from  one  third  to  one  half  of  the  starch,  and  into  gum,  equal  to  from 
one  fifth  to  one  tenth,  with  a  residuum  of  starch  paste  somewhat  altered.  This  sac- 
charifying process  advances  much  quicker  through  the  co-operation  of  vegetable  albu- 
mine  or  gluten,  acting  as  a  ferment.  If  we  boil  two  parts  of  potato  slarch  into  a 
paste  with  twenty  parts  of  water,  mix  this  paste  with  one  part  of  the  eluten  of  wheat 
flour,  and  set  the  mixture  for  8  hours  in  a  temperature  of  from  122"  to  167°  F.,  the 
mixture  soon  loses  its  pasty  character,  and  becomes  by  degrees  limpid,  transparent,  and 
sweet,  passing  at  the  same  lime  first  into  gum,  and  then  into  sugar.  The  remainder 
consists  of  the  unchanged  starch  with  the  altered  gluten,  which  has  become  sour,  and 
has  lost  the  faculty  of  acting  upon  fresh  portions  of  starch.  It  is  probable,  however, 
that  the  sugar  formation  in  the  first  case,  when  the  starch  undergoes  a  spontaneous 
change,  may  be  due  to  the  action  of  a  small  portion  of  gluten  and  albumine  left  in 
the  starch,  since  a  putrefactive  smell  is  eventually  evolved  indicative  of  that  azotized 
matter.  The  gum  into  which  during  this  process  the  starch  is  first  converted,  and  which 
becomes  afterwards  sugar,  is  of  the  same  nature  as  British  gum,  formed  by  the  roasting 
of  starch. 

This  production  of  sugar  takes  place  in  the  germination  and  kiln-drying  of  malt ;  and 
the  masliing  of  the  brewer  as  well  as  the  sweetening  of  bread  in  baking,  rests  upon  the 
same  principles.  In  many  cases  the  vinous  fermentation  precedes  the  saccharificalion, 
or  accompanies  it;  the  starchy  parts  of  the  fermeniing  mass  changing  into  sugar, 
while  the  previously  formed  sugar  becomes  wine  or  beer.  In  the  sweetening  of  fruits 
by  keeping,  a  similar  process  occurs ;  the  gummy  and  starchy  fibres  become  sugar  from 
the  action  of  the  glutinous  ferment  which  they  contain  ;  as  happens  also  to  the  juices  of 
many  fruits  which  sweeten  for  a  little  while  after  they  have  been  expressed. 

The  nature  of  this  sugar  formation  through  the  influence  of  gluten  upon  starch,  is  un- 
doubtedly the  same  as  the  conversion  of  starch  into  sugar,  by  boiling  it  with  sulphuric 
acid  ;  though  the  whole  theory  of  this  change  is  not  entirely  developed. 

The  most  energetic  substance  for  the  conversion  of  starch  into  sugar,  is  the  malt  of 
barley.  According  to  the  researches  of  Payen  and  Persoz,  the  gum  which  by  this 
process  is  first  formed,  may  be  prevented  fi-om  going  into  sugar,  by  merely  exposing  it 
to  a  boiling  heat,  and  hence  we  have  it  in  our  power  either  to  make  susar  or  gurn  at 
pleasure.  Of  finely  ground  malt  from  10  to  25  parts  must  be  taken  for  100  parts  of  starch. 
Into  a  pan  placed  in  a  water  bath,  400  parts  of  water  being  warmed  to  from  77°  to  86°  F., 
the  ground  malt  must  be  stirred  in,  and  the  temperature  must  be  raised  to  140°.  The  100 
parts  of  starch  must  now  be  added,  and  well  mixed.  The  heat  is  then  to  be  increased 
to  158°  F. ;  and  be  so  regulated  that  it  shall  not  fall  below  149°,  nor  rise  above  167°. 
In  the  course  of  20  or  30  minutes  the  originally  milky  and  pasty  liquid  will  become 
gradually  more  attenuated,  and  eventually  it  will  turn  as  fluid  nearly  as  water.  This 
is  the  point  of  time  in  which  the  starch  has  passed  into  gum,  or  into  the  substance 
lately  denominated  dextrine  by  the  chemists.  Should  this  mucilaginous  matter,  which 
appears  to  be  a  mixture  of  gum  and  a  little  starchy  sugar,  be  wished  for  in  that  state, 
the  temperature  of  the  liquid  must  be  suddenly  raised  to  the  boiling  point,  whereby  the 
further  action  of  the  malt  upon  it  is  stopped.  But  on  the  other  hand  if  sugar  be 
desired,  then  the  temperature  must  be  steadily  maintained  at  from  158°  to  167°  for 
three  quarters  of  an  hour,  in  which  time  the  greater  part  of  the  starch  will  have  become 
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sugar,  and  from  the  evaporation  of  the  fluid  a  starchy  sirup  will  be  obtained,  entirely 
similar  to  that  procurable  by  the  action  of  very  dilute  sulphuric  acid  upon  starch. 

The  substance  which  operates  this  saccharine  change,  or  the  appropriate  yeast  of  the 
sugar  fermentation,  which  had  been  previously  imagined  to  be  a  residuum  of  gluten  or 
vegetable  albumen  in  the  germinated  grain,  has  been  traced  by  Payen  and  Persoz  to  a 
peculiar  proximate  vegetable  principle  called  by  them  diastase.  This  substance  is  gen- 
erated during  the  germination  of  barley,  oats,  and  wheat,  and  may  be  obtained  separately 
by  infusing  the  ground  malt  in  a  small  quantity  of  cold  water,  straining  off  the  liquor, 
then  filtering  it,  and  heating  the  clear  solution  in  a  water-bath  to  the  temperature  of 
]58°  F.  The  greater  part  of  the  vegetable  albumen  is  thus  coagulated,  and  must  be 
separated  by  a  fresh  filtration  ;  (he  liquid  is  afterwards  treated  with  alcohol  as  long  as 
the  flocculent  precipitate  of  diastase  falls.  In  order  to  purify  it  still  more  completely 
from  the  azotized  matter,  it  may  be  once  more  dissolved  in  water,  and  again  precipitated 
by  alcohol.  When  dried  at  a  low  temperature,  it  appears  as  a  white  solid,  which  con- 
tains no  azote,  is  insoluble  in  strong  alcohol,  but  dissolves  in  weak  alcohol  and  water. 
Its  solution  is  neutral  and  tasteless  ;  and  if  left  to  itself,  it  changes  spontaneously,  sooner 
or  later,  according  to  the  degree  of  warmth,  and  becomes  sour.  At  the  temperature  of 
from  149°  to  168°,  it  has  the  property  of  converting  starch  into  gum  or  dextrine,  and 
sugar ;  and,  when  sufficiently  pure,  it  does  this  with  such  energy,  that  one  part  of  it  is 
capable  of  saccharifying  2000  parts  of  dry  starch.  It  acts  the  more  rapidly  the  larger 
its  proportion.  Whenever  the  solution  of  diastase  with  starch  or  dextrine  has  been 
heated  to  the  boiling  point,  it  loses  the  property  of  transforming  these  substances.  One 
hundred  parts  of  well  malted  barley  appear  to  contain  about  one  part  of  this  new  body. 

2.  The  Vinous  Fermentation. — In  this  fermentation  the  sugar  existing  in  watery  solu- 
tion is,  by  the  operation  of  the  ferment  or  yeast,  converted  into  alcohol,  with  disengage- 
ment of  carbonic  acid  gas.  If  we  dissolve  one  part  of  pure  sugar  in  ten  parts  of  water, 
and  leave  the  solution  in  a  temperature  of  from  68°  to  77°  F.,  which  is  that  most  favor- 
able to  fermentation,  it  will  remain  unaltered.  But  if  we  stir  into  that  solution  some  beer 
yeast,  the  phenomena  of  fermentation  soon  appear  in  the  above  circumstances  ;  tor  car- 
bonic acid  gas  is  evolved,  with  intestine  movements  of  the  liquid,  and  an  increase  of  its 
temperature.  A  body  of  yeast  rises  to  the  surface,  and  exhibits  a  continual  formation  and 
rupture  of  air  bubbles.  At  length  the  sugar  being  in  a  great  measure  decomposed,  the 
motions  cease,  the  liquor  becomes  clear,  and  instead  of  being  a  sirup,  it  is  now  a  dilute 
alcohol.  The  yeast  has  by  this  time  fallen  to  the  bottom  in  a  somewhat  compact  form, 
and  of  a  whitish  color,  deprived  of  the  property  of  exciting  fermentation  in  fresh  sirup, 
provided  no  undue  excess  of  it  was  added  at  first,  for  that  alone  would  remain  effective. 
Experience  shows  that  for  the  conversion  of  a  determinate  quantity  of  sugar  by  fermen- 
tation, a  determinate  quantity  of  yeast  is  necessary,  which  has  been  estimated  at  about 
I5  per  cent,  in  the  dry  state.  When  the  yeast  has  been  decomposed  by  fermenting  its 
definite  proportion  of  sugar,  it  loses  its  fermentable  property,  and  leaves  the  excess  of 
sugar  unaffected,  forming  a  sweet  vinous  solution.  The  same  thing  happens  if  the  yeast 
be  separated  from  the  wort  by  a  filter  in  the  progress  of  the  fermentation,  for  tlien  all 
intestine  motion  speedily  stops,  although  much  saccharine  matter  remains. 

In  the  juices  of  sweet  fruits,  of  grapes,  for  example,  the  ferment  is  intimately  asso- 
ciated with  the  sugar.  It  is  at  first  soluble  and  inactive,  till  it  absorbs  oxygen  from  the 
atmosphere,  whereby  it  becomes  an  operative  ferment,  but,  at  the  same  time,  insoluble, 
so  as  to  precipitate  at  the  end  of  the  process.  When  the  expressed  juice  of  the  grape, 
or  lyiust,  is  enclosed  in  a  vessel  out  of  contact  of  air,  and  there  subjected  to  the  heat  of 
boiling  water,  the  small  portion  of  oxygen  present  is  rendered  inactive,  and  the  liquor 
experiences  no  fermentative  change.  If  the  grapes  be  squeezed  in  an  atmosphere  deprived 
of  oxygen,  and  confined  in  the  same,  the  juice  will  also  remain  unaltered.  Recently  ex- 
pressed grape  juice  is  limpid,  and  manifests  the  commencement  of  fermentation  by  the 
separation  of  the  yeasty  substance,  which  can  take  place  only  with  access  of  air.  The 
solution  becomes  turbid  after  a  certain  time,  gas  begins  to  be  evolved,  and  the  separated 
ferment  decomposes  the  sugar.  At  the  end  of  the  process  the  yeast  collects  at  the  bot- 
tom of  the  vessel,  usually  in  larger  quantity  than  was  sufficient  to  complete  the  fermen- 
tation ;  and  hence  a  considerable  portion  of  it  possesses  still  the  fermentative  ficulty. 
The  fermentation  itself,  when  once  begun,  that  is,  whenever  the  yeasty  particles  are 
evolved  and  float  in  the  liquid,  for  which  evolution  a  very  minute  quantity  of  oxygen  is 
sufficient,  is  thenceforth  independent  of  the  contact  of  air,  and  goes  on  as  well  in  close 
as  in  open  vessels  ;  so  that  the  production  of  alcohol  and  carbonic  acid  depends  solely 
upon  the  mutual  reaction  of  the  ferment  and  the  sugar. 

The  yeast,  which  may  be  obtained  tolerably  pure  from  a  fine  infusion  of  malt  in  a 
state  of  fermentation,  after  being  washed  with  cold  water  to  separate  the  soluble,  gummy, 
and  saccharine  matter,  and  after  being  pressed  between  folds  of  blotting  paper,  consti- 
tutes a  pulverulent,  grayish  yellow,  granular  substance,  destitute  of  both  taste  and  smell, 
insoluble  both  in  water  and  alcohol.  Cold  water  dissolves,  indeed,  only  -r^i  ^^^  boiling 
water  very  little  more. 
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The  essentially  operative  constituent  of  yeast  is  a  peculiar  azotized  matter,  which  in 
the  wine  vat  is  mixed  with  some  tartar  and  other  salts,  and  in  the  beer  tun  with  gum, 
starch,  &c.  This  animalized  substance  may  be  obtained  in  a  separate  state,  according 
to  Braconnot,  by  acting  upon  the  washed  yeast  powder  with  a  weak  ley  of  carbonate  ol 
potash,  and  by  decomposing  the  solution  with  vinegar,  whereby  the  matter  is  thrown 
down  in  a  gelatinous  form.  The  substance  thus  obtained  is  insoluble  in  cold  water 
and  alcohol,  but  dissolves  readily  in  very  dilute  alkaline  leys,  and  even  in  lime  water. 
When  diffused  through  water,  it  assumes  a  homogeneous  aspect,  as  if  it  were  really 
dissolved ;  but  when  this  mixture  is  heated,  the  animalized  matter  coagulates,  and 
separates  in  thick  flocks.  In  this  state  it  has  losl  its  former  properties,  being  no  longer 
soluble  in  alkaline  lays,  even  when  concentrated.  Acids  exercise  no  solvent  power  over 
this  peculiar  matter;  they  precipitate  it  from  its  solutions,  as  do  also  the  eaithy  and 
metallic  salts,  which,  moreover,  combine  with  it.  This  is  also  the  case  with  tannin. 
The  combination  of  the  ferment  stuff  with  acids  increases  the  stability  of  its  constitution, 
and  counteracts  its  tendency  to  influence  solutions  of  sugar.  These  properties  of  the 
operative  principle  of  yeast  explain  many  of  the  phenomena  of  fermentation,  as  we  shall 
presently  see. 

The  animalized  matter  of  yeast  resembles  gluten,  albumen,  caseum,  and  other  azotized 
substances;  if  any  one  of  these  be  put  into  a  saccharine  solution  ready  for  fermentation, 
it  will  begin  to  operate  a  change,  when  aided  by  warmth  and  time,  if  it  be  previously 
decomposed  in  some  measure  to  facilitate  its  influence  ;  or  if  these  substances  be  brought 
into  a  slightly  putrescent  state  beforehand,  they  will  cause  more  speedy  fermentation. 
Thus  while  of  egg,  when  added  to  saccharine  liquors,  requires  a  period  of  three  weeks, 
with  a  temperature  of  96°  F.,  before  it  will  excite  fermentation ;  afterwards  the  excess 
of  the  albumen  forms  a  precipitate  which  may  be  used  instead  of  yeast  upon  other  sweet 
worts.  The  rapidity  with  which  such  azotized  substances  are  capable  of  being  converted 
into  ferments  of  more  or  less  purity  and  power  is  very  variable  ;  vegetable  gluten  and 
albumen  being  best  fitted  for  this  purpose.  This  conversion  is  accelerated  when  the 
sweet  liquor  in  which  the  substance  is  diffused  or  dissolved  has  already  begun  to  ferment; 
whence  it  appears  that  the  presence  of  carbonic  acid  gas,  combined  with  the  liquor,  is 
here  of  singular  influence.  Upon  it,  in  fact,  the  formation  and  elimination  of  the  yeast 
in  fermenting  liquors  depend. 

A  solution  of  pure  sugar,  which  has  been  made  to  ferment  by  the  addition  of  yeast, 
furnishes  no  new  yeast;  but  there  remains  after  the  process  a  portion  of  the  yeast  origi- 
nally mixed,  in  an  altered  inoperative  condition,  should  its  quantity  have  been  exactly 
adequate  to  the  decomposition  of  the  sugar,  or  in  an  operative  stale,  should  the  quantity 
have  been  originally  excessive. 

But  if  the  fermentable  liquor  contains  vegetable  albumen  and  gluten,  as  is  commonly 
the  case  with  the  sweet  juices  of  fruits  and  beer  worts,  these  substances  become  changed 
into  ferments  in  the  coui'se  of  the  fermentation  induced  by  the  yeast,  and,  being  super- 
fluous, so  to  speak,  for  that  particular  process,  they  remain  entire  at  the  end,  and  may  be 
collected  for  use  in  other  operations. 

Upon  this  principle  is  founded  the  increased  production  of  yeast,  and  the  manufacture 
of  what  has  been  called  artificial  barm,  in  which  the  fermentation  is  conducted  chiefly 
with  a  view  to  the  formation  of  yeast.  To  the  fermenting  mass,  those  kinds  of  meal  are 
added,  which  abound  in  albumen  and  gluten,  as  barley,  beans,  or  wheat,  for  instance; 
and  the  process  is  similar  to  the  production  of  a  great  lump  of  leaven,  from  the  action 
of  a  small  piece  of  it  upon  dough.  The  following  prescription  will  illustrate  this  subject. 
Take  three  ounces  of  bean  flour,  add  to  it  five  quarts  of  boiling  water,  and  boil  the 
mixture  for  half  an  hour.  Pour  the  decoction  into  a  vessel,  and  stir  into  it,  while  hot, 
56  ounces  of  wheaten  flour.  After  the  mixture  cools  to  the  temperature  of  54°  F.,  add 
to  it  about  two  quarts  of  beer  barm,  stirring  the  whole  well  together.  About  24  hours 
after  the  commencement  of  the  fermentation,  incorporate  with  the  mixture  112  ounces  of 
barley  or  bean  flour,  till  it  becomes  a  uniform  dough,  which  must  be  thoroughly  kneaded, 
rolled  out  into  cakes  about  an  inch  thick,  and  cut  into  pieces  of  the  size  of  a  dollar. 
These  cakelets  must  be  dried  upon  laths  in  the  sun  in  favorable  weather,  and  then  put 
up  in  a  dry  situation.  For  use,  one  of  these  discs  is  to  be  broken  into  pieces,  laid  in 
■warm  water,  and  set  in  a  warm  place  during  12  hours.  The  soft  mass  will  then  serve 
the  purpose  of  beer  yeast. 

Or  we  may  mix  equal  parts  of  barley  malt,  wheat  malt,  and  crushed  rye,  pour  water 
at  the  temperature  of  122°  F.  over  them  into  a  tub  till  it  stand  a  span  above  their  sur- 
face ;  then  stir  well  together,  and  allow  the  whole  to  remain  at  rest  for  a  few  hours, 
till  it  cools  to  about  65°  F.  We  must  now  add  for  each  pound  of  the  mingled  meals, 
a  quarter  nf  an  ounce  of  beer  barm.  The  tub  must  be  then  covered,  and  preserved  at 
a  temperature  of  63°  F.  The  husks,  as  they  begin  to  rise  to  the  surface,  in  consequence 
of  the  fermentation,  must  be  taken  off  and  squeezed  through  a  cloth  over  the  vessel. 
W^hen  the  meal  comes  afterwards  to  subside  to  the  bottom,  the  whole  must  be  strained 
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through  a  canvass  bag,  and  freed  from  the  superfluous  moisture  by  squeezing.  The  bag 
with  its  doughy  mass  must  next  be  surrounded  with  dry  ashes,  to  remove  the  remaining 
humidity,  and  to  arrest  any  further  fermentation.  This  consistent  ferment  may  be  used 
instead  of  beer  yeast. 

It  is  difficult  to  prepare  an  artificial  yeast  without  barm.  The  best  process  for  this 
purpose  is  the  following.  Take  five  parts  of  honey,  one  part  of  powdered  tartar,  and 
sixteen  parts  of  wheat  or  barley  malt,  stir  the  whole  in  water  of  the  temperature  of  122° 
F.,  and  place  in  a  fermenting  heat ;  when  the  yeast  will,  as  usual,  be  eliminated. 

The  change  which  gluten  or  vegetable  albumen  undergoes  in  the  different  kinds  of 
meal,  when  h  becomes  a  ferment,  consists  apparently  in  an  oxydation,  since  analysis 
shows  that  this  ferment  contains  more  oxygen  than  gluten  does. 

It  has  been  already  stated  that  yeast  in  its  liquid  condition  readily  putrefies,  and 
becomes  altogether  useless  for  the  process  of  fermentation.  In  order  to  preserve  it  for 
some  time,  it  must  be  dried  to  such  a  degree  as  to  resist  spontaneous  decomposition 
without  losing  its  fermentative  faculty ;  but  completely  dried  yeast  loses  that  property, 
and  does  not  recover  it  by  being  again  moistened.  Beer  barm  may  be  dried  after  being 
washed  several  times  with  cold  water,  till  the  last  quantity  comes  off  clear;  but  the  in- 
soluble portion  must  be  allowed  to  settle  fully  before  the  water  is  poured  away  from  it. 
The  residuum  being  freed  as  much  as  possible  from  water,  by  drainage  and  pressure 
between  flannel  cloths,  is  to  be  dried  in  the  shade  by  a  current  of  warm  air  as  quickly 
as  possible,  with  the  aid  of  frequent  turning  over.  It  must  be  afterwards  kept  in  dry 
earthen  vessels.  Yeast  may  also  be  preserved  a  short  time  in  activity  by  being  kneaded 
with  as  much  barley  or  wheat  flour  as  it  can  take  up  without  losing  the  doughy  con- 
sistence. Dried  yeast  has,  however,  always  an  impaired  activity.  The  easiest  and  most 
certain  method  of  preserving  yeast  in  its  primitive  power,  is  by  mixing  it,  after  pressure 
in  flannel,  with  as  much  pulverized  sugar  as  will  render  it  dry,  and  putting  up  the  mix- 
ture in  air-tight  vessels.  The  fermentative  power  of  yeast  is  destroyed  by  the  following 
means  :  1.  as  already  stated,  by  making  it  completely  dry  either  by  the  evaporation  of 
the  water,  or  its  abstraction  by  alcohol ;  2.  by  boiling,  which  if  continued  for  ten  minutes 
renders  yeast  quite  inoperative ;  3.  by  the  action  of  such  substances  as  dissolve  out  its 
essential  constituents;  by  alkalis,  for  instance,  since  the  particles  of  yeast  seem  to  be 
opei'ative  only  in  their  insoluble  granular  state ;  4.  by  such  substances  as  form  combina- 
tions with  it,  and  thereby  either  alter  its  nature,  or  at  least  increase  the  cohesion  of  its 
constituent  parts,  so  that  they  can  no  longer  operate  upon  sweet  liquors  by  the  decompo- 
sing affinity  of  its  ultimate  particles.  Such  bodies  are  the  acids,  especially  the  mineral 
ones,  tannin  and  most  salts,  particularly  the  metallic,  which  Unite  with  the  yeast  into  new 
compounds.  The  volatile  oils  which  contain  sulphur  exercise  the  same  paralyzing  influ- 
ence upon  yeast. 

The  circumstances  which  promote,  and  are  necessary  to,  the  vinous  fermentation  are, 
conformably  to  the  above  views,  the  following: — 1.  The  presence  of  the  proper  quantity 
of  active  yeast,  and  its  proper  distribution  through  the  worts.  If  in  the  course  of  a  slack 
fermentation  the  yeast  subsides  to  the  bottom,  the  intestine  motions  cease  entirely,  but 
they  may  be  excited  anew  by  stirring  up  the  ingredients,  or  rousing  the  tun,  as  the  brew- 
ers say.  2.  A  certain  degree  of  warmth,  which  should  never  be  less  than  51'^  F.,  nor 
more  than  86° ;  the  temperature  of  from  68°  to  77"  being  the  most  propitious  for  the 
commencement  and  progress  of  fermentation.  When  other  circumstances  are  the  same, 
the  rapidity  of  the  fermentation  is  proportional  to  the  temperature  within  certain  limits, 
so  that  by  lowering  it,  the  action  may  be  moderated  at  pleasure.  3.  The  fermentation 
proceeds  the  better  and  more  equably  the  greater  the  mass  of  fermenting  liquor,  probably 
on  account  of  the  uniformly  high  temperature,  as  well  as  the  uniform  distribution  of  the 
active  particles  of  the  yeast  by  the  greater  energy  of  the  intestine  movements.  4.  The 
saccharine  solution  must  be  sufficiently  diluted  with  water  ;  when  too  much  concentrated 
it  will  not  ferment.  Hence  very  sweet  musts  furnish  wines  containing  much  undecom- 
posed  sugar.  For  a  complete  fermentative  action,  one  part  of  sugar  should  be  dissolved 
in  ten  parts  of  water. 

Fermentation  may  be  tempered  or  stopped  :  1.  by  those  means  which  render  the  yeast 
inoperative,  particularly  by  the  oils  that  contain  sulphur,  as  oil  of  mustard ;  as  also  by 
the  sulphurous  and  sulphuric  acids.  The  operation  of  the  sulphurous  acid  in  obstructing 
the  fermentation  of  must  consists  partly,  no  doubt,  in  its  absorbing  oxygen,  whereby  the 
elimination  of  the  yeasty  particles  is  prevented.  The  sulphurous  acid,  moreover,  acts 
more  powerfully  upon  fermenting  liquors  that  contain  tartar,  as  grape  juice,  than  sul 
phuric  acid.  This  acid  decomposes  the  tartSric  salts,  and,  combining  with  their  bases, 
sets  the  vegetable  acid  free,  which  does  not  interfere  with  the  fermentation ;  but  the 
sulphurous  acid  operates  directly  upon  the  yeast:  2.  by  the  separation  of  the  yeast,  either 
with  the  filter  or  by  subsidence  :  3.  by  lowering  the  temperature  to  45°  F.  If  the  fer- 
menting mass  become  clear  at  this  temperature,  and  be  drawn  off  from  the  subsided  yeast,, 
it  will  not  ferment  again,  though  it  should  be  heated  to  the  proper  pitch. 
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The  products  of  vinous  fermentation  are  carbonic  acid  gas,  and  alcohol ;  of  which  the 
former  escapes  during  the  process,  except  in  the  case  of  the  sparkling  wines,  like  cham- 
paign, that  are  partially  fermented  in  close  vessels.  The  alcohol  remains  in  the  ferment- 
ed liquor.  100  parts  of  sugar  aflbrd  by  complete  decomposition  nearly  50  parts  of  alco- 
hol. According  to  Thenard,  100  parts  of  sugar  are  converted  into  46-8  parts  of  carbonic 
acid,  and  4938  of  alcohol ;  besides  3-82  parts  of  carbon  otherwise  employed,  which  the 
sugar  contained,  above  what  is  present  in  the  former  two  products.  This  chemist  found 
in  the  fermented  liquor  4  per  cent,  of  an  extractive  matter,  soluble  in  water,  and  having 
an  acidulous  reaction,  to  whose  formation,  probably,  that  excess  of  carbon  may  he  neces- 
sary. In  what  way  the  action  of  ihe  yeasty  particles  upon  the  saccharine  substance  is 
carried  on  in  the  vinous  fermentation,  or  what  may  be  the  interior  working  of  this  pro- 
cess, is  not  accurately  understood.  The  quantitative  relation  of  the  carbonic  acid  and 
alcohol  to  the  sugar  is  pretty  well  made  out ;  but  the  determination  of  the  ultimate  prin- 
ciples of  the  ferment  itself,  before  and  after  the  vinous  change,  and  of  the  residuum  dis- 
solved in  the  fermented  liquor,  has  not  been  well  ascertained.  It  is  probable  that  the 
yeast  undergoes  in  the  process  a  similar  decomposition  to  that  of  the  putrefactive,  and 
that  its  elementary  constituents  enter  into  new  combinations,  and  abstract  so  much  carbon 
and  hydrogen  from  the  sugar,  that  the  remainder,  amounting  to  96  per  cent,  of  the  whole, 
may  constitute  one  atom  of  alcohol  and  one  of  carbonic  acid. 

3.  The  slimy  or  glutinous  fermentation. — This  process  takes  place  in  weak  solutions 
of  sugar,  at  ordinary  fermenting  temperatures,  where,  from  defect  of  good  yeast,  the 
vinous  fermentation  cannot  proceed.  In  such  circumstances,  from  one  part  of  sugar,  one 
third  pai't  of  gum  is  formed.  According  to  Desfosses,  however,  100  parts  of  sugar  afford 
109-48  of  gum  or  slime.  This  is  formed  when  one  part  of  sugar  is  dissolved  in  twenty 
parts  of  water,  which  had  been  previously  boiled  with  washed  barm  or  gluten,  and  then 
filtered.  The  process  proceeds  slowly  and  quietly,  equally  well  in  close  vessels,  as  with 
contact  of  air,  and  continues  at  ordinary  temperatures  about  12  days  ;  but  it  goes  on  more 
rapidly  and  completely  at  the  heat  of  from  77°  to  86°  F.  A  small  quantity  of  hydrogen 
and  carbonic  acid  gas  is  disengaged,  in  the  proportion  of  two  to  one  by  volume.  The 
fermented  liquor  becomes  turbid,  and  assumes  a  tough  thready  appearance,  like  a  decoc- 
tion of  linseed.  A  small  addition  of  sulphuric  or  sulphurous  acid,  of  muriatic  acid  and 
alum,  or  of  tannin,  impedes  this  species  of  fermentation ;  because  these  substances  com- 
bine, as  in  the  vinous  fermentation,  with  the  ferment  into  an  insoluble  precipitate,  unsus- 
ceptible of  further  change.  In  many  wines,  especially  when  bottled,  this  slimy  fermenta- 
tion occurs,  and  occasions  their  ropiness,  which  may  he  best  remedied  or  prevented  by 
the  addition  of  as  much  tannin  as  will  precipitate  the  -dissolved  mucous  matter.  This 
species  of  fermentation  attacks  very  rapidly  the  rinsing  waters  of  the  sugar  refiner, 
which  always  contain  some  fermentative  gluten.  A  little  alum  is  the  best  preventive 
in  this  case,  because  it  precipitates  the  dissolved  ferment. 

4.  The  acetous  or  sour  fermentation. — In  this  process,  alcohol,  more  or  less  dilute,  is 
resolved  into  water  and  vinegar,  in  consequence  of  the  operation  of  the  ferment;  oxy- 
dizement  of  the  alcohol  being  efl'ected  by  the  oxygen  of  the  atmospherical  air.  The 
requisites  of  this  process  have  been  already  detailed  under  the  article  Acetic  Acid. 
They  are  the  presence  of  atmospherical  air ;  alcohol  diluted  to  a  certain  degree  with 
water  ferment  or  yeast,  and  a  temperature  above  66°  F.  The  most  active  ferments  are 
such  substances  as  have  already  passed  into  the  acetous  state ;  hence  vinegar,  esjjecially 
when  it  contains  some  yeasty  particles,  or  is  combined  with  porous  and  spongy  bodies, 
so  as  to  multiply  its  points  of  contact  with  the  vinous  liquor,  is  particularly  powerful. 
Common  yeast  may  also  be  employed  for  vinegar  ferments,  if  it  he  imbued  with  a  little 
vinegar,  with  leaven,  crusts  of  bread  soaked  in  vinegar,  the  stalks  and  husks  of  grapes, 
sawdust  and  shavings  of  beech  or  oak  impregnated  with  vinegar,  or  the  slimy  sediment 
of  vinegar  casks  called  mother ;  all  of  which  operate  as  ferments  chiefly  in  consequence 
of  the  vinegar  which  they  contain.  The  inside  shavings  of  the  staves  of  vinegar  tuns 
act  on  the  same  principle. 

The  acetous  fermentation  may,  moreover,  go  on  along  with  the  vinous  in  the  same 
liquor,  when  this  contains  sugar  as  well  as  alcohol.  Whilst  the  acidification  of  the  alcohol 
is  efl'ected  by  the  absorption  of  oxygen  from  the  atmosphere,  the  sugar  becomes  alcohol 
with  disengagement  of  carbonic  acid,  and  then  passes  into  vinegar.  Since  most  liquors 
intended  for  making  vinegar,  such  as  wine,  juices  of  fruits,  ales,  &c.,  contain  still  a  little 
sugar,  they  disengage  always  a  little  carbonic  acid.  Besides  spirits,  some  other  substan- 
ces, such  as  gum,  the  mucilage  of  plants,  and  starch  paste,  directly  ferment  into  vinegar. 
Sugar  also  seems  to  be  convertible  into  vinegar  without  any  vinous  change.  The  albu- 
minous matter  of  potato  juice,  precipitated  by  vinegar,  serves  as  a  proper  ferment  for 
that  purpose,  when  added  in  its  moist  state  to  weak  sirup.     5.  See  Putrefaction. 

Mr.  William  Black,  in  his  treatise  on  Brewing,  has,  with  much  ingenuity  and  apparent 
truth,  endeavored  to  show  that  the  process  of  fermentation  is  strongly  influenced  by 
electricity,  not  only  that  of  the  atmosphere,  as  has  been  long  known  from  the  circumstance 
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of  beer  and  wine  becoming  speedily  sour  after  thunderstorms,  but  the  voltaic,  produced 
by  electric  combinations  of  metals  in  the  fermenting  tuns.  He  therefore  recom- 
mends these  tuns  to  be  made  with  as  little  metallic  work  as  possible,  and  to  be  insulated 
from  the  floor  of  the  brewhouse.  For  the  propriety  of  this  advice  he  adduces  some 
striking  examples.  Wort  which  had  become  stationary  in  its  fermentation,  on  being 
pumped  out  of  square  gyles  imbedded  in  the  floor,  into  casks  placed  upon  wooden 
stillions,  began  immediately  to  work  very  well,  and  gained  about  6  degrees  of  attenuation 
while  throwing  off  its  yeast.  From  the  stagnation  of  the  process  in  the  gyles,  he  had 
in  the  morning  predicted  an  approaching  thunderstorm,  which  accordingly  supervened 
in  the  course  of  the  evening.  In  further  support  of  his  views  he  instances  the  fact,  that, 
in  dairies  where  the  milk  is  put  into  porcelain  vessels,  and  placed  upon  wooden  shelves, 
it  is  seldom  injured  by  lightning;  but  when  contained  in  wooden  or  leaden  vessels,  and 
placed  upon  the  ground,  it  almost  invariably  turns  sour  in  thundery  weather.  His 
general  conclusion  is,  "  that  the  preservation  or  destruction  of  beer  depends  upon  elec- 
tricity ;  and  the  most  certain  mode  of  preservation  is  to  insulate  as  much  as  possible, 
both  the  squares  and  all  other  utensils  or  vessels  connected  with  the  brewing  or  storing 
of  beer." 

Mr.  Black  further  considers  that  unsoundness  of  worts  is  often  the  result  of  electricity 
excited  between  the  mash  tun  and  the  copper. 

Why  is  beer  liable  to  get  spoiled  in  thunder-storms,  though  apparently  well  insulated 
in  glass  bottles  ? 

I  shall  conclude  this  article  with  Mr.  Black's  description  of  the  phenomena  of  beer 
fermentation.  In  every  regular  process  there  are  five  distinct  stages.  In  the  first 
we  see  a  substance  like  cream  forming  all  round  the  edges  of  the  gyle  tun;  which  ex- 
tends towards  the  centre  until  the  whole  is  creamed  over,  constituting  the  first  change. 
Next  a  fine  curl  appears  like  cauliflower,  which  also  spreads  over  the  square  surface, 
and  according  to  the  strength  and  appearance  of  this  curl,  the  quality  of  the  fermenta- 
tion may  be  predicated.  This  he  calls  the  second  stage.  What  is  technically  called 
the  stomach  or  vinous  vapor  now  begins  to  be  smelt,  and  continues  to  gain  strength 
till  the  process  is  concluded.  From  the  vinous  energy  of  this  odor,  and  the  progressive 
attenuation  of  the  wort,  the  vigor  of  the  fermentation  may  be  inferred.  The  experienced 
brewer  is  much  guided  in  his  operations  by  the  peculiarity  of  this  effluvium.  The  third 
change  is  when  the  cauliflower  or  curling  top  rises  to  a  fine  rocky  or  light  yeasty  head; 
and  when  this  falls  down,  the  fourth  stage  has  arrived.  Finally  the  head  should  rise  to 
what  is  called  close  yeasty,  having  the  appearance  of  yeast  all  over.  About  this  period 
the  gas  becomes  so  powerful  as  to  puff  up  occasionally  in  little  bells  or  bladders  about  the 
size  of  a  walnut,  which  immediately  break.  The  bells  should  appear  bright  and  clear. 
If  they  be  opaque  or  whey  colored,  there  is  some  unsoundness  in  the  wort.  The  great 
point  is  to  add  just  so  much  yeast  as  to  carry  the  fermentation  completely  through  these 
five  changes  at  the  regular  periods. 

FERROCYANATE,  or,  more  correctly,  FERROCYANIDE.  (Ferrocyanure,  Fr. ; 
Eisencyanid,  Germ.)  Several  compounds  of  cyanogen  and  metals  possess  the  property 
of  uniting  together  into  double  cyanides ;  of  which  there  are  none  so  remarkable  in  this 
respect,  as  the  protocyanide  of  iron.  This  appears  to  be  capable  of  combining  with 
several  simple  cyanides,  such  as  that  of  potassium,  sodium,  barium,  strontium,  calcium, 
and  ammonium.  The  only  one  of  these  double  cyanides  of  any  importance  in  man- 
ufactures is  the  first,  which  is  described  under  its  commercial  name,  Prussiate  of 
Potash. 

FERROPRUSSIATES ;  another  name  for  Ferrocyanides.  > 

FIBRE,  VEGETABLE,  called  also  Ljgnine  (Ligneux,  Fr. ;  Pflanzm-faserstoff,  " 
Germ.),  is  the  most  abundant  and  general  ingredient  of  plants,  existing  in  all  their  parts, 
the  root,  the  leaves,  the  stem,  the  flowers,  and  the  fruit ;  amounting  in  the  compact  wood 
to  97  or  98  percent.  It  is  obtained  in  a  pure  state  by  treating  saw-dust  successively  with 
hot  alcohol,  water,  dilute  muriatic  acid,  and  weak  potash  lej^,  which  dissolve,  first,  the 
resinous  ;  second,  the  extractive  and  saline  matters ;  third,  the  carbonate  and  phosphate 
of  lime;  and,  lastly,  any  residuary  substances.  Ligneous  fibres,  such  as  saw-dust,  pow- 
dered barks,  straw,  hemp,  flax,  linen,  and  cotton  cloth,  are  convertible  by  the  action  of 
strong  sulphuric  acid  into  a  gummy  substance  analogous  to  dextrine,  and  a  sugar  resem- 
bling that  of  the  grape. 

If  we  put  into  a  glass  mortar  24  parts,  by  weight,  of  dry  old  cordage,  chopped  small, 
and  sprinkle  over  it  34  parts  of  sulphuric  acid,  by  degrees,  so  as  to  avoid  heating  the 
mixture,  while  we  constantly  stir  it ;  and  if,  in  a  quarter  of  an  hour,  we  triturate  the 
mass  with  a  glass  pestle,  the  fibres  will  disappear  without  the  disengagement  of  gas. 
A  tenacious  mucilage  will  be  produced,  almost  entirely  soluble  in  water.  The  gum 
being  thus  formed,  may  be  separated  from  the  acid  by  dilution  with  water,  and  addition 
of  the  requisite  quantity  of  chalk;  then  straining  the  saturated  liquid  through  linen 
cloth,  concentrating  it  by  evaporation,  throwing  down  any  remaining  lime  by  oxalic 
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acid,  filtering  anew,  and  mixing  the  mucilage  with  alcohol  in  great  excess,  which  will 
lake  up  the  free  acid,  and  throw  down  the  gum.  From  24  parts  of  hemp  fibres  thus 
treated,  fully  24  parts  of  a  gummy  mass  may  be  obtained,  containing,  however,  probably 
some  water. 

When,  instead  of  saturating  the  diluted  acid  paste  with  chalk,  we  boil  it  for  10  hours, 
the  gummy  matter  disappears,  and  is  replaced  by  sugar,  which  may  be  purified  without 
any  difficulty,  by  saturation  with  chalk,  filtration,  and  evaporation  to  the  consistence  of 
sirup.  In  24  hours  crystallization  begins,  and,  in  2  or  3  days,  a  concrete  mass  of  grape 
sugar  is  formed;  which  needs  merely  to  be  pressed  strongly  between  old  linen  cloths 
doubled,  and  then  crystallized  a  second  time.  If  this  sirup  be  treated  with  bone  black, 
a  brilliant  white  sugar  will  be  procured.  20  parts  of  linen  rags  yield  23  of  good  sugar. 
Braconnot.  Guerin  got  87^  of  dry  sugar  from  100  parts  of  rags,  treated  with  250  of  sul- 
phuric acid.     See  Wood. 

FIBRINE  (Eng.  and  Fr. ;  Thierischer  Fasersloff,  Germ.)  constitutes  the  principal  part 
of  animal  muscle ;  it  exists  in  the  chyle,  the  blood,  and  may  be  regarded  as  the  most 
abundant  constituent  of  animal  bodies.  It  may  be  obtained  in  a  pure  state  by  agitating 
or  beating  ncAv  drawn  blood  with  a  bundle  of  twigs,  when  it  will  attach  itself  to  them  in 
long  reddish  filaments,  which  may  be  deprived  of  color  by  working  them  with  the  hands 
under  a  streamlet  of  cold  water,  and  afterwards  freed  from  any  adhering  grease  by  diges- 
tion in  alcohol  or  ether. 

Fibrine,  thus  obtained,  is  solid,  white,  flexible,  slightly  elastic,  insipid,  inodorous,  denser 
than  water,  but  containing  four  fifths  of  its  weight  of  it,  and  without  action  on  litmus. 
When  dried,  it  becomes  semi-transparent,  yellowish,  stiff,  and  brittle :  water  restores  its 
softness  and  flexibility.  100  parts  of  fibrine  consist  of  53-36  carbon,  19-68  oxygen,  7-02 
hydrogen,  and  J9-31  azote.  As  the  basis  of  flesh,  it  is  a  very  nutritious  substance,  and  is 
essential  to  the  sustenance  of  carnivorous  animals. 

FILE  {Lime,  Fr. ;  Fcile,  Germ.)  is  a  well  known  steel  instrument,  having  teeth  upon 
the  surface  for  cutting  and  abrading  metal,  ivory,  wood,  &,c. 

When  the  teeth  of  these  instruments  are  formed  by  a  straight  sharp-edged  chisel,  extend- 
ing across  the  surface,  they  are  properly  called  files  ;  but  when  by  a  sharp-pointed  tool,  in 
the  form  of  a  triangular  pyramid,  they  are  termed  rasps.  The  former  are  used  for  all  the 
metals,  as  well  as  ivory,  bone,  horn,  and  wood ;  the  latter  for  wood  and  horn. 

Files  are  divided  into  two  varieties,  from  the  form  of  their  teeth.  When  the  teeth  are 
a  series  of  sharp  edges,  raised  by  the  flat  chisel,  appearing  like  parallel  furrows,  either 
at  right  angles  to  the  length  of  the  file,  or  in  an  oblique  direction,  they  are  termed  single 
cut.  But  when  these  teeth  are  crossed  by  a  second  series  of  similar  teeth,  they  are  said 
to  be  double  cut.  The  first  are  fitted  for  brass  and  copper,  and  are  found  to  answer  bet- 
ter when  the  teeth  run  in  an  oblique  direction.  The  latter  are  suited  for  the  harder  met- 
als, such  as  cast  and  wrought  iron  and  steel.  Such  teeth  present  sharp  angles  to  the  sub- 
stance, which  penetrate  it,  while  single  cut  files  would  slip  over  the  surface  of  these  met- 
als. The  double  cut  file  is  less  fit  for  filing  brass  and  copper,  because  its  teeth  would  be 
very  liable  to  become  clogged  with  the  filings. 

Files  are  also  called  by  difl'erent  names  according  to  their  various  degrees  of  fineness. 
Those  of  extreme  roughness  are  called  rough;  the  next  to  this  is  the  bastard  cut;  the 
third  is  the  second  cut ;  the  fourth,  the  smooth  ;  and  the  finest  of  all,  the  dead  smooth. 
The  very  heavy  square  files  used  for  heavy  smith-work,  are  sometimes  a  little  coarser  than 
the  rough ;  they  are  known  by  the  name  of  rubbers. 

Files"  are  also  distinguished  from  their  shape,  as  flat,  half-round,  three-square,  four- 
square, and  round.  The  first  are  sometimes  of  uniform  breadth  and  thickness  throughout, 
and  sometimes  tapering.  The  cross  section  is  a  parallelogram.  The  half-round  is  gen- 
erally tapering,  one  side  being  flat,  and  the  other  rounded.  The  cross  section  is  a  seg- 
ment of  a  circle,  varying  a  little  for  different  purposes,  but  seldom  equal  to  a  semi-circle. 
The  three-square  generally  consists  of  three  equal  sides,  being  equilateral  prisms,  mostly 
tapering;  those  which  are  not  tapering  are  used  for  sharpening  the  teeth  of  saws.  The 
four-square  has  four  equal  sides,  the  section  being  a  square.  These  files  are  generally 
thickest  in  the  middle,  as  is  the  case  with  the  smith's  rubber.  In  the  round  file,  the  sec- 
tion is  a  circle,  and  the  file  generally  conical. 

The  heavier  and  coarser  kinds  of  files  are  made  from  the  inferior  marks  of  blistered 
steel.  Those  made  from  the  Russian  iron,  known  by  the  name  of  old  sable,  called  from 
its  mark  CCND,  are  excellent.  The  steel  made  from  the  best  Swedish  iron,  called  hoop 
L  or  Dannemora,  makes  the  finest  Lancashire  files,  for  watch  and  clock  makers ;  a  man- 
ufacture for  which  the  house  of  Stubbs  in  Warrington  is  celebrated. 

The  steel  intended  for  files  is  more  highly  converted  than  for  other  purposes,  to  give 
them  proper  hardness.  It  should  however  be  recollected,  that  if  the  hardness  be  not 
accompanied  with  a  certain  degree  of  tenacity,  the  teeth  of  the  file  break,  and  do  but  little 
service. 

Small  files  are  mostly  made  of  cast  steel,  which  would  be  the  best  for  all  others,  if 
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it  were  not  for  its  higher  price.  It  is  much  harder  than  the  blistered  steel,  and  from 
having  been  in  the  fluid  state,  is  entirely  free  from  those  seams  and  loose  parts  so  common 
to  blistered  steel,  which  is  no  sounder  than  as  it  comes  from  the  iron  forge  before  con- 
version. 

The  smith's  rubbers  are  generally  forged  in  the  common  smith's  forge,  from  the  con- 
vened bars,  which  are,  for  convenience,  made  square  in  the  iron  before  they  come  into 
this  country.  The  files  of  lesser  size  are  made  from  bars  or  rods,  drawn  down  from  the 
blistered  bars,  and  the  cast  ingots,  and  known  by  the  name  of  tilted  steel. 

The  file-maker's  forge  consists  of  large  bellows,  with  coke  as  fuel.  The  anvil-block, 
particularly  at  Sheffield,  is  one  large  mass  of  mill  stone  girt.  The  anvil  is  of  consider- 
able size,  set  into  and  wedged  fast  into  the  stone;  and  has  a  projection  at  one  end,  with 
a  hole  to  contain  a  sharp-edged  tool  for  cutting  the  files  from  the  rods.  It  also 
contains  a  deep  groove  for  containing  dies  or  bosses,  for  giving  particular  forms  to  the 
files. 

The  flat  and  square  files  are  formed  entirely  by  the  hammer.  One  man  holds  the  hot 
bar,  and  strikes  with  a  small  hammer.  Another  stands  before  the  anvil  with  a  two-hand- 
ed hammer.  The  latter  is  generally  very  heavy,  with  a  broad  face  for  the  large  files. 
They  both  strike  with  such  truth  as  to  make  the  surface  smooth  and  flat,  without  what  is 
called  hand-hammering.  This  arises  from  their  great  experience  in  the  same  kind  of 
work.     The  expedition  arising  from  the  same  cause  is  not  less  remarkable. 

The  half-round  files  are  made  in  a  boss  fastened  into  the  groove  above  mentioned. 
The  steel  being  drawn  out,  is  laid  upon  the  rounded  recess,  and  hammered  till  it  fills 
the  die. 

The  three-sided  files  are  formed  similarly  in  a  boss,  the  recess  of  which  consists  of  two 
sides,  with  the  angle  downwards.  The  steel  is  first  drawn  out  square,  and  then  placed 
in  a  boss  with  an  angle  downwards,  so  that  the  hammer  forms  one  side,  and  the  boss  two. 
The  round  files  are  formed  by  a  swage  similar  to  those  used  by  common  smiths,  but  a 
little  conical. 

The  file-cutter  requires  an  anvil  of  a  size  greater  or  less,  proportioned  to  the  size  of  his 
files,  with  a  face  as  even  and  flat  as  possible.  The  hammers  weigh  from  one  to  five  or  six 
pounds.  The  chisels  are  a  little  broader  than  the  file,  sharpened  to  an  angle  of  about  20 
degrees.  The  length  is  just  sufficient  for  them  to  be  held  fast  between  the  finger  and 
thumb,  and  so  strong  as  not  to  bend  with  the  strokes  of  the  hammer,  the  intensity  of 
which  may  be  best  conceived  by  the  depth  of  the  impression.  The  anvil  is  placed  in  the 
face  of  a  strong  wooden  post,  to  v/hich  a  wooden  seat  is  attached,  at  a  small  distance  be- 
low the  level  of  the  anvil's  face.  The  file  is  first  laid  upon  the  bare  anvil,  one  end  pro- 
jecting over  the  front,  and  the  other  over  the  back  edge  of  the  same.  A  leather  strap 
now  goes  over  each  end  of  the  file,  and  passes  down  upon  each  side  of  the  block  to  the 
workman's  feet,  which,  being  put  into  the  strap  on  each  side,  like  a  stirrup,  holds  the  file 
firmly  upon  the  anvil  as  it  is  cut.  While  the  point  of  the  file  is  cutting,  the  strap  passes 
over  one  part  of  the  file  only,  the  point  resting  upon  the  anvil,  and  the  tang  upon  a  prop 
on  the  other  side  of  the  strap.  When  one  side  of  the  file  is  single  cut,  a  fine  file  is  run 
slightly  over  the  teeth,  to  take  away  the  roughness ;  when  they  are  to  be  double  cut, 
another  set  of  teeth  is  cut,  crossing  the  former  nearly  at  right  angles.  The  file  is  now 
finished  upon  one  side,  and  it  is  evident  that  the  cut  side  cannot  be  laid  upon  the  bare 
anvil  to  cut  the  other.  A  flat  piece  of  an  alloy  of  lead  and  tin  is  interposed  between  the 
toothed  surface  and  the  anvil,  while  the  other  side  is  cut,  which  completely  preserves  the 
side  already  formed.  Similar  pieces  of  lead  and  tin,  with  angular  and  rounded  grooves, 
are  used  for  cutting  triangular  and  half-round  files. 

Rasps  are  cut  precisely  in  the  same  way,  by  using  a  triangular  punch  instead  of  a  flat 
chisel.  The  great  art  in  cutting  a  rasp  is  to  place  every  new  tooth  as  much  as  possible 
opposite  to  a  vacancy. 

Many  abortive  attempts  have  been  made  to  cut  the  teeth  of  files  by  machinery.  The 
following  plan,  for  which  a  patent  was  obtained  by  Mr.  William  Shilton,  of  Birming- 
ham, in  April,  1833,  is  replete  with  ingenious  mechanical  resources,  and  deserves  to 
succeed. 

The  blanks  of  steel  for  making  the  files  and  rasps,  are  held  in  a  pair  of  clamps  in 
connexion  with  a  slide,  and  are  moved  forward  at  intervals  under  the  head  of  the  tilt 
hammer  which  carries  the  tool ;  the  distance  which  the  blank  is  to  be  advanced  at 
every  movement  being  dependant  upon  the  required  fineness  or  coarseness  of  the  cut  of 
the  file,  which  movement  is  effected  and  regulated  by  a  rack  and  pinion,  actuated  by  a 
pall  and  ratchet  wheel,  or  the  movement  may  be  produced  by  any  other  convenient 
means. 

When  the  machine  is  employed  for  cutting  or  indenting  the  teeth  of  rasps,  the  cutting 
tool  being  pointed  and  only  producing  one  tooth  at  a  blow,  the  tilt  hammer  carrying  the 
tool  must  be  made  to  traverse  at  intervals  across  the  width  of  the  blank  piece  of  steel 
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from  one  edge  to  the  other  and  back  again ;  the  blank  being  advanced  in  length  only 
when  the  hammer  has  produced  the  last  cut  or  tooth  toward  either  edge  of  the  rasp. 

In  order  to  render  this  invention  better  understood,  two  views  of  the  apparatus  for  pro- 
ducing the  cross-cut  or  teeth  of  the  files  are  given. 

Fig.  384  is  an  elevation  of  the 
upper  part  of  the  file-cutting  machine, 
as  seen  on  one  side ;  Jig.  385  is  a 
plan  or  horizontal  view,  as  the  ma- 
chine appears  on  the  top. 

a,  is  the  head  of  the  tilt  hammer 
placed  in  the  end  of  the  lever  b, 
which  is  mounted  on  an  axle  c, 
turning  in  proper  bearings  in  the 
framework  of  the  machine  ;  d,  is  the 
tilt  wheel  mounted  on  another  axle  s, 
also  turning  in  bearings  on  the  frame 
work  of  the  machine,  and  having  any 
required  number  of  projections  or 
tappets  upon  it  for  depressing  the  tail 
or  shorter  end  of  the  hammer  or  tilt 
lever  b. 

The  tilt  wheel  d,  receives  its  rota- 
tory motion  from  the  toothed  wheel 
f,  mounted  upon  the  same  axle,  and 
it  takes  into  gear  with  a  pinion  g, 
upon  the  main  shaft  h,  which  is  ac- 
tuated by  a  band  passed  from  any 
first  mover  to  the  rigger  on  its  end, 
or  in  any  other  convenient  manner. 
The  bed  upon  which  the  blank  piece 
of  steel  bears  is  marked  i.  This  bed 
is  firmly  supported  upon  masonry 
placed  upon  proper  sleepers ;  j,  is 
one  of  the  blank  pieces  of  steel  under 
operation,  and  is  shown  secured  in 
the  pair  of  jaws  or  holding  clamps  k, 
mounted  on  centre  pins  in  the  slide 
/,  Jig.  385;  which  slide  is  held  down 
by  a  spring  and  slide  beneath,  and  is 
moved  backwards  and  forwards  in  the  machine  upon  the  (v)  edges  m,  m,  of  the  frame, 
by  means  of  the  rack  ?i,  and  its  pinion  ;  the  latter  being  mounted  upon  the  axle  of  the 
ratchet  wheel  p,  and  which  ratchet  wheel  is  made  to  turn  at  intervals  by  means  of  the 
pall  q,  upon  the  end  of  the  lever  r,  Jig.  385.  This  lever  is  depressed,  after  every  cut 
has  been  effected  upon  the  blank  by  means  of  the  teeth  or  tappets  of  the  wheel  s,  coming 
in  contact  with  the  inclined  plane  t,  upon  the  lever  r.  The  tappet  wheel  s,  is  mounted 
npon  the  end  of  the  axle  e,  of  the  tilt  wheel,  and  consequently  revolves  with  it,  and  by 
depressing  the  lever  ?■,  every  time  that  a  tooth  passes  the  inclined  plane  i,  the  click  q, 
is  made  to  drive  the  ratchet  wheel  p,  and  thereby  the  advancing  movement  of  the  blank 
is  effected  after  each  blow  of  the  tilt  hammer. 

There  is  a  strong  spring  u,  attached  to  the  upper  side  of  the  tilt  hammer,  its  end  being 
confined  under  an  adjustable  inclined  plane  v,  mounted  in  the  frame  w,  which  inclined 
plane  can  be  raised  or  lowered  by  its  adjusting  screws  as  required,  to  produce  more  or 
less  tension  of  the  spring. 

A  similar  spring  is  placed  on  the  under  side  of  the  tilt  hammer,  to  raise  and  sustain 
the  cutter  or  tool  clear  of  the  bed  after  every  blow,  and  in  conjunction  with  safety  hold- 
ers or  catchers,  to  counteract  any  vibration  or  tendency  the  spring  u  may  have  to  cause 
the  hammer  to  reiterate  the  blow. 

The  end  of  the  lower  spring  acts  on  an  inclined  plane,  mounted  in  the  frame  w,  -which 
has  an  adjusting  screw  similar  to  v,  to  regulate  the  tension  of  the  spring. 

In  case  the  under  spring  sho\ild  raise,  that  is,  return  the  hammer,  with  sufficient  force 
or  velocity  to  cause  the  top  spring  u,  to  reiterate  the  blow,  the  ends  of  the  safety  holders 
or  catchers  are  made  to  move  under  and  catch  the  tail  of  the  lever  b,  immediately  on  its 
being  raised  by  the  under  springs,  which  is  effected  by  the  foUowiag  means  : — The  hold- 
ers are  mounted  upon  a  plate  or  carriage  1,  Jig.  384,  which  turns  upon  a  small  pin  or 
axle  mounted  in  the  ears  of  a  cross  bar ;  the  upper  ends  of  the  holders  are  kept  inclined 
towards  the  tail  of  the  tilt  hammer  by  means  of  a  spring  fixed  to  the  cross  bar,  and  which 
acts  upon  one  end  of  the  plate  or  carriage  1. 
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In  order  that  the  holders  may  be  removed  out  of  the  way  of  the  tail  of  the  hammer  b, 
when  the  tilt  wheel  is  about  to  effect  a  blow,  the  tooth  of  the  tilt  wheel  which  last  acted 
upon  the  hammer  comes  in  contact  with  an  inclined  plane  fixed  on  the  plate  or  carriage 
1,  and  by  depressing  that  end  of  the  plate,  causes  the  upper  ends  of  the  holders  to  be 
withdrawn  from  under  the  tail  of  the  hammer  b.  The  tilt  wheel  continuing  to  revolve, 
the  next  tooth  advances,  and  depresses  the  tail  of  the  hammer,  but  before  it  leaves  the 
tail  of  the  hammer,  the  tooth  last  in  operation  will  have  quitted  the  inclined  plane  and 
allowed  the  spring  to  return  the  holders  into  their  former  position.  After  the  tooth  has 
escaped  from  the  tail  of  b,  the  hammer  will  immediately  descend  and  eflfect  the  blow  or 
cut  on  the  blank,  and  as  the  tail  of  the  hammer  rises,  it  will  come  in  contact  with  the 
inclined  planes  at  the  upper  ends  of  the  holders,  and  force  them  backwards ;  and  as  soon 
as  the  tail  of  the  hammer  has  passed  the  top  of  the  holders,  the  spring  will  immediately 
force  the  holders  forward  under  the  tail  of  the  hammer,  and  prevent  the  hammer  rising 
again  until  the  next  tooth  of  the  tilt  wheel  is  about  to  depress  the  end  of  the  hammer, 
when  the  same  movements  of  the  parts  will  be  repeated,  and  the  machine  will  continue 
in  operation  until  a  sufficient  length  of  the  blank  of  steel  (progressively  advanced  under 
the  hammer)  has  been  operated  upon,  when  it  will  be  thrown  out  of  gear  by  the 
following  means : — 

Upon  the  sliding  bar  6  there  is  placed  an  adjustable  stop,  against  which  the  foremost 
end  of  the  slide  I  I,  fig.  385,  comes  in  contact  as  it  is  moved  forward  by  the  rack  n,  and 
its  pinion.  The  sliding  bar  6  is  connected  at  its  left  end  to  the  bent  lever  8,  the  other 
end  of  this  lever  being  formed  into  a  forked  arm,  which  embraces  a  clutch  upon  the  main 
shaft,  and  as  the  slide  I  continues  to  advance,  it  will  come  in  contact  with  a  stop ;  and 
when  it  has  brought  a  sufficient  length  of  the  blank  pieces  of  steel  under  the  operation 
of  the  cutting  tool,  the  slide  /,  in  its  progress,  will  have  moved  that  stop  and  the  bar  6 
forward,  and  that  bar,  by  means  of  the  bent  lever  8,  will  withdraw  the  clutch  on  the 
main  shaft,  from  locking  into  the  boss  of  the  fly-wheel,  and  consequently  stop  the  further 
progress  of  the  machine ;  the  rigger  and  fly-wheel  turning  loosely  upon  the  main  shaft. 

The  cut  file  can  now  be  removed  from  out  of  the  clamps,  and  reversed  to  cut  the  other 
side,  or  another  blank  piece  put  in  its  place ;  and  after  throwing  back  the  pall  q  of  the 
ratchet  wheel  p,  the  slide  /,  and  with  it  the  fresh  blank  may  be  moved  back  into  the 
machine  by  turning  the  winch  handle,  on  the  axle  of  the  ratchet  wheel  p,  the  reverse 
way,  which  will  turn  the  pinion  backwards,  and  draw  back  the  rack  n,  without  affecting 
any  other  parts  of  the  machine ;  and  on  moving  back  the  bar  6,  by  the  handle  11,  placed 
on  the  stop,  the  clutches  will  be  thrown  into  gear  again,  and  the  machine  proceed  to  cut 
the  next  blank. 

When  the  blanks  have  been  thus  cut  on  one  side,  and  are  reversed  in  the  machine  to 
form  the  teeth  upon  the  other  side,  there  should  be  a  piece  of  lead  placed  between  the 
blank  and  the  bed  to  protect  the  fresh  cut  teeth. 

It  will  be  seen  that  the  position  of  the  stop  upon  the  bar  6  will  determine  the  length 
or  extent  of  the  blank  piece  of  steel  which  shall  be  cut  or  operated  upon;  and  in  order 
that  the  progressive  movement  of  the  blanks  under  the  cutting  tool  may  be  made  to  suit 
difl'erent  degrees  of  fineness  or  coarseness  of  the  teeth  (that  is,  the  distance  between  the 
cuts),  there  is  an  adjusting  screw  upon  the  lever  r,  the  head  of  which  screw  stops  against 
the  under  side  of  an  ear  projecting  from  the  frame-work,  and  thereby  determines  the 
extent  of  the  motion  of  the  lever  r,  when  depressed  by  the  tappets  of  the  wheel  s,  acting 
upon  the  inclined  plane  /,  consequently  determining  the  number  of  teeth  the  ratchet 
wheel  p  shall  be  moved  round  by  the  pall  q;  and  hence  the  extent  of  motion  communi- 
cated by  the  rack  and  pinion  to  the  slide  I,  and  the  blank  _;,  which  regulates  the  distance 
that  the  teeth  of  the  file  are  apart,  and  the  lever  r  is  forced  upwards  by  a  spring  pressing 
against  its  under  side. 

Ii  will  be  perceived  that  the  velocity  of  the  descent  of  the  hammer,  and  consequently 
the  force  of  the  blow,  may  be  regulated  by  raising  or  lowering  the  inclined  plane  v  of  the 
spring  u  ;  and  in  order  to  accommodate  the  bed  upon  which  the  blanks  rest  to  the  differ- 
ent inclinations  they  may  be  placed  at,  that  part  of  the  bed  is  formed  of  a  semi-globular 
piece  of  hardened  steel,  which  fits  loosely  into  a  similar  concavity  in  the  bed  r,  and  is 
therefore  capable  of  adjusting  itself  so  that  the  blanks  shall  be  properly  presented  to  the 
cutting  tool,  and  receive  the  blow  or  cut  in  an  equal  and  even  manner ;  or  the  piece  of 
steel  may  be  of  a  conical  shape,  and  fit  loosely  in  a  similar  shaped  concavity. 

There  are  guides,  16,  placed  on  the  top  of  the  bed  i,  for  the  purpose  of  keeping  the 
blanks  in  their  proper  position  towards  the  cutting  tool,  and  these  can  be  regulated  to 
suit  blanks  of  any  width,  by  turning  the  right  and  left  handed  screw  17.  There  is  also 
another  adjustable  stop  on  the  jaws  or  clamps  fc,  which  serves  as  a  guide  when  placing 
the  blanks  within  the  jaws ;  and  19  is  a  handle  or  lever  for  raising  the  clamps  when 
required,  which  has  a  weight  suspended  from  it  for  the  purpose  of  keeping  down  the 
blanks  with  sufficient  pressure  upon  the  bed. 

The  cutting  tool  in  the  face  of  the  hammer,  can  be  placed  at  any  required  angle  or 
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inclination  with  the  blank,  it  being  secured  in  the  head  of  the  hammer  by  clamps  and 
screws.  In  cutting  fine  files  a  screw  is  employed  in  preference  to  the  rack  and  pinion, 
for  advancing  the  slide  /,  and  the  blank  piece  of  steel  in  the  machine. 

Hardening  of  files. — This  is  the  last  and  most  important  part  of  file  making.  What- 
ever may  be  the  quality  of  the  steel,  or  however  excellent  the  workmanship,  if  it  is  not 
well  hardened  all  the  labor  is  lost. 

Three  things  are  strictly  to  be  observed  in  hardening ;  first,  to  prepare  the  file  on  the 
surface,  so  as  to  prevent  it  from  being  oxydated  by  the  atmosphere  when  the  file  is  red 
hot,  which  effect  would  not  only  take  off  the  sharpness  of  the  tooth,  but  render  the 
whole  surface  so  rough  that  the  file  would,  in  a  little  time,  become  clogged  with  the 
substance  it  had  to  work.  Secondly,  the  heat  ought  to  be  very  uniformly  red  throughout, 
and  the  water  in  which  it  is  quenched,  fresh  and  cold,  for  the  purpose  of  giving  it  the 
proper  degree  of  hardness.  Lastly,  the  manner  of  immersion  is  of  great  importance,  to 
prevent  the  files  from  warping,  which  in  long  thin  files  is  very  difficult. 

The  first  object  is  accomplished  by  laying  a  substance  upon  the  file,  which,  when  it 
fuses,  forms,  as  it  were,  a  varnish  upon  the  surface,  defending  the  metal  from  the  action 
of  the  oxygen  of  the  air.  Formerly  the  process  consisted  in  first  coating  the  surface  of 
the  file  with  ale  grounds,  and  then  covering  it  over  with  pulverized  common  salt  (muri- 
ate of  soda).  After  this  coating  became  dry,  the  files  were  heated  red  hot,  and  hardened; 
after  this,  the  surface  was  lightly  brushed  over  with  the  dust  of  cokes,  when  it  appeared 
white  and  metallic,  as  if  it  had  not  been  heated.  This  process  has  lately  been  improved, 
at  least  so  far  as  relates  to  the  economy  of  the  salt,  which,  from  the  quantity  used,  and 
the  increased  thickness,  had  become  a  serious  object.  Those  who  use  the  improved 
method  are  now  consuming  about  one  fourth  the  quantity  of  salt  used  in  the  old  method. 
The  process  consists  in  dissolving  the  salt  in  water  to  saturation,  which  is  about  three 
pounds  to  the  gallon,  and  stiffening  it  with  ale  grounds,  or  with  the  cheapest  kind  of 
flour,  such  as  that  of  beans,  to  about  the  consistence  of  thick  cream.  The  files  require 
to  be  dipped  only  into  this  substance,  and  immediately  heated  and  hardened.  The 
grounds  or  the  flour  are  of  no  other  use  than  to  give  the  mass  consistence,  and  by  that 
means  to  allow  a  larger  quantity  of  salt  to  be  laid  upon  the  surface.  In  this  method 
the  salt  forms  immediately  a  firm  coating.  As  soon  as  the  water  is  evaporated,  the 
whole  of  it  becomes  fused  upon  the  file.  In  the  old  method  the  dry  salt  was  so  loosely 
attached  to  the  file,  that  the  greatest  part  of  it  was  rubbed  off  into  the  fire,  and  was 
sublimed  up  the  chimney,  without  producing  any  effect. 

The  carbonaceous  matter  of  the  ale  grounds  is  supposed  to  have  some  effect  in  giving 
hardness  to  the  file,  by  combining  with  the  steel,  and  rendering  it  more  highly  carbon- 
ated. It  will  be  found,  however,  upon  experiment,  that  vegetable  carbon  does  not  com- 
bine with  iron,  with  sufficient  facility  to  produce  any  effect,  in  the  short  space  of  time 
a  file  is  healing  for  the  purpose  of  hardening.  Some  file  makers  are  in  the  habit  of 
using  the  coal  of  burnt  leather,  which  doubtless  produces  some  efl'ect ;  but  the  carbon 
is  generally  so  ill  prepared  for  the  purpose,  and  the  time  of  its  operation  so  short,  as  to 
render  the  result  inconsiderable.  Animal  carbon,  when  properly  prepared  and  mixed 
with  the  above  hardening  composition,  is  capable  of  giving  hardness  to  the  surface  even 
of  an  iron  file. 

This  carbonaceous  matter  may  be  readily  obtained  from  any  of  the  soft  parts  of  ani- 
mals, or  from  blood.  For  this  purpose,  however,  the  refuse  of  shoemakers  and  curriers 
is  the  most  convenient.  After  the  volatile  parts  have  been  distilled  over,  from  an  iron 
still,  a  bright  shining  coal  is  left  behind,  which,  when  reduced  to  powder,  is  fit  to  mix 
with  the  salt.  Let  about  equal  parts,  by  bulk,  of  this  powder,  and  muriate  of  soda  be 
ground  together,  and  brought  to  the  consistence  of  cream,  by  the  addition  of  water. 
Or  mix  the  powdered  carbon  with  a  saturated  solution  of  the  salt,  till  it  become  of 
the  above  consistence.  Files  which  are  intended  to  be  very  hard  should  be  covered 
with  this  composition  previous  to  hardening.  All  files  intended  to  file  iron  or  steel, 
particularly  saw  files,  should  be  hardened  with  the  aid  of  this  mixture,  in  preference  to 
that  with  the  flour  or  grounds.  Indeed,  it  is  probable  that  the  carbonaceous  powder 
might  be  used  by  itself,  in  point  of  economy,  since  the  ammonia  or  hartshorn,  obtained 
by  distillation,  would  be  of  such  value  as  to  render  the  coal  of  no  expense.  By  means 
of  this  method  the  files  made  of  iron,  which,  in  itself,  is  unsusceptible  of  hardening, 
acquire  a  superficial  hardness  sufficient  for  any  file  whatever.  Such  files  may,  at  the 
same  time,  be  bent  into  any  form ;  and,  in  consequence,  are  particularly  useful  for  sculp- 
tors and  die-sinkers. 

The  next  point  to  be  considered  is  the  best  method  of  heating  the  file  for  hardening. 
For  this  purpose  a  fire,  similar  to  the  common  smith's  fire,  is  generally  employed.  The 
file  is  held  in  a  pair  of  tongs  by  the  tang,  and  introduced  into  the  fire,  consisting  of 
very  small  cokes,  pushing  it  more  or  less  into  the  fire  for  the  purpose  of  heating  it 
regularly.  It  must  frequently  be  withdrawn  with  the  view  of  observing  that  it  is  not 
too  hot  in  any  part.    When  it  is  uniformly  heated,  from  the  tang  to  the  point,  of  a 
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cherry  red  color,  it  is  fit  to  quench  ia  the  water.  At  present  an  oven  formed  of  fire- 
bricks is  used  for  the  larger  files,  into  which  the  blast  of  the  bellows  is  directed,  being 
open  at  one  end,  for  the  purpose  of  introducing  the  files  and  the  fuel.  Near  to  the  top 
of  the  oven  are  placed  two  cross  bars,  on  which  a  few  files  are  placed,  to  be  partially 
heating.  In  the  hardening  of  heavy  files  this  contrivance  affords  a  considerable  sav- 
ing, in  point  of  time,  while  it  permits  them  also  to  be  more  uniformly  and  thoroughly 
heated. 

After  the  file  is  properly  heated  for  the  purpose  of  hardening,  in  order  to  produce  the 
greatest  possible  hardness,  it  should  be  cooled  as  soon  as  possible.  The  most  common 
method  of  eflfecting  this  is  by  quenching  it  in  the  coldest  water.  Some  file-makers  have 
been  in  the  habit  of  putting  different  substances  in  their  water,  with  a  view  to  increase 
its  hardening  property.  The  addition  of  sulphuric  acid  to  the  water  was  long  held  a 
great  secret  in  the  hardening  of  saw  files.  After  all,  however,  it  will  be  found  that  clear 
spring  water,  free  from  animal  and  vegetable  matter,  and  as  cold  as  possible,  is  the  best 
calculated  for  hardening  files  of  every  description. 

In  quenching  the  files  in  water,  some  caution  must  be  observed.  All  files,  except  the 
half-round,  should  be  immersed  perpendicularly,  as  quickly  as  possible,  so  that  the  upper 
part  shall  not  cool.  This  management  prevents  the  file  from  warping.  The  half-round 
file  must  be  quenched  in  the  same  steady  manner;  but,  at  the  same  time  that  it  is  kept 
perpendicular  to  the  surface  of  the  water,  it  must  be  moved  a  little  horizontally,  in  the 
direction  of  the  round  side,  otherwise  it  will  become  crooked  backwards. 

After  the  files  are  hardened,  they  are  brushed  over  with  water  and  powdered  cokes, 
when  the  surface  becomes  perfectly  clean  and  metallic.  They  ought  also  to  be  washed 
well  in  two  or  three  clean  waters,  for  the  purpose  of  carrying  off  all  the  salt,  which,  if 
allowed  to  remain,  will  be  liable  to  rust  the  file.  They  should  moreover  be  dipped  into 
lime-water,  and  rapidly  dried  before  the  fire,  after  being  oiled  with  olive  oil,  containing  a 
little  oil  of  turpentine,  while  still  warm.     They  are  then  finished. 

FILLIGREE  (Filigrane,  Fr. ;  Filigran,  or  Feine  Drahtgeflecht,  Germ.)  is,  as  the  last 
term  justly  expresses  it,  intertwisted  fine  wire,  used  for  ornamenting  gold  and  silver 
trinkets.  The  wire  is  seldom  drawn  round,  but  generally  flat  or  angular,  and  soldered 
by  gold  or  silver  solder  with  borax. and  the  blowpipe.  The  Italian  word, _/it//grana,  is 
compounded  of  Jilum  and  granum,  or  granular  net- work ;  because  the  Italians,  who  first 
introduced  this  style  of  work,  placed  small  beads  upon  it. 

FILTRATION  (Etig.  and  Fr. ;  Filtriren,  Germ.)  is  a  process,  purely  mechanical,  for 
separating  a  liquid  from  the  undissolved  particles  floating  in  it,  which  liquid  may  be  either 
the  useful  part,  as  in  vegetable  infusions,  or  of  no  use,  as  the  washings  of  mineral  pre- 
cipitates. The  filtering  substance  may  consist  of  any  porous  matter  in  a  solid,  folia- 
ted, or  pulverulent  form  ;  as  porous  earthenware,  unsized  paper,  cloth  of  many  kinds,  or 
sand.  The  white  blotting  paper  sold  by  the  stationers,  answers  extremely  well  for  filters 
in  chemical  experiments,  provided  it  be  previously  washed  with  dilute  muriatic  acid,  to 
remove  some  lime  and  iron  that  are  generally  present  in  it.  Filter  papers  are  first  cut 
square,  and  then  folded  twice  diagonally  into  the  shape  of  a  cornet,  having  the  angular 
parts  rounded  off.  Or  the  piece  of  paper  being  cut  into  a  circle,  may  be  folded  fan-like 
from  the  centre,  with  the  folds  placed  exteriorly,  and  turned  out  sharp  by  the  pressure  of 
the  finger  and  thumb,  to  keep  intervals  between  the  paper  and  the  funnel  into  which  it 
is  fitted,  to  favor  the  percolation.  The  diameter  of  the  funnel  should  be  about  three 
fourths  of  its  height,  measured  from  the  neck  to  the  edge.  If  it  be  more  divergent,  the 
slope  will  be  too  small  for  the  ready  efflux  of  the  fluid.  A  filter  covered  with  the  sedi- 
ment is  most  conveniently  washed  by  spouting  water  upon  it  with  a  little  syringe.  A 
small  camel's-hair  paint  brush  is  much  employed  for  collecting  and  turning  over  the  con- 
tents in  their  soft  state.  Agitation  or  vibration  is  of  singular  efficacy  in  quickening  per- 
colation, as  it  displaces  the  particles  of  the  moistened  powders,  and  opens  up  the  pores 
which  had  become  closed.  Instead  of  a  funnel,  a  cylindrical  vessel  may  be  employed, 
having  its  per/orated  bottom  covered  with  a  disc  of  filtering  powder  folded  up  at  the 
edges,  and  made  tight  there  by  a  wire  ring.  Linen  or  calico  is  used  for  weak  alkaline 
liquors ;  and  flannels,  twilled  woollen  cloth,  or  felt-stuff,  for  weak  acid  ones.  These 
filter  bags  are  often  made  conical  like  a  fool's  cap,  and  have  their  mouths  supported  by  a 
wooden  or  metallic  hoop.  Cotton  wool  put  loose  into  the  neck  of  a  funnel  answers  well 
for  filtering  oils  upon  the  small  scale.  In  the  large  way,  oil  is  filtered  in  conical  woollen 
bags,  or  in  a  cask  with  many  conical  tubes  in  its  bottom,  filled  with  tow  or  cotton  wool. 
Stronger  acid  and  alkaline  liquors  must  be  filtered  through  a  layer  of  pounded  glass, 
quartz,  clean  sand,  or  bruised  charcoal.  The  alcarrhazas  are  a  porous  biscuit  of  stone 
ware  made  in  Spain,  which  are  convenient  for  filtering  water,  as  also  the  porous  filtering 
stone  of  Teneriife,  largely  imported  into  England  at  one  time,  but  now  superseded  in  a 
great  measur  eby  the  artificial  filters  patented  under  many  forms,  consisting  essentially 
of  strata  of  gravel,  sand,  and  charcoal  powder. 

It  is  convenient  to  render  the  filter  self-acting,  by  accommodating  the  supply  of  liquid 
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to  the  rate  of  percolation,  so  that  the  pressure  upon  the  porous  surface  may  be  always 
equally  great.  Upon  the  small  scale,  the  lamp-fountain  or  bird's-glass  form,  so  generally 
used  for  lamps,  will  be  found  to  answer. 

Fig.  386  represents  a  glass  bottle,  a,  partly  filled  with  the  fluid  to  be  filtered,  supported 
in  the  ring  of  a  chemical  stand,  and  having  its  mouth  inverted  into  the  same  liquor  in 
the  filter  funnel.  It  is  obvious  that  whenever  this  liquor  by  filtration  falls  below  the 
lip  of  the  bottle,  air  will  enter  into  it,  let  down  a  fresh  supply  to  feed  the  filter,  and 
keep  the  funnel  regularly  charged.     If  larger  quantities  are  to  be  operated  upon,  the 

following   apparatus  may 

386  k     ^  yJ^  ""  ^^  employed.     Fig.   387, 

387  .\.^^/  A  B,  is  a  metallic  vessel 

which  may  be  made  air- 
tight ;  c  is  the  under  pipe, 
provided  with  a  stopcock, 
B,  for  letting  down  the 
liquor  into  the  filter  a  b. 
The  upper  pipe  t,  through 
which  the  fluid  is  poured 
by  means  of  the  funnel  e, 
has  also  a  stopcock  which 
opens  or  shuts,  at  the 
same  time,  the  small  side 
tube  u  t,  through  which, 
during  the  entrance  of  the 
fluid,  the  air  is  let  off  from 
the  receiver.  A  glass 
tube,  g,  shows  the  level 
of  the  liquor  in  the  body 
of  the  apparatus.  In  using 
it,  the  cock  r  must  be  first 
closed,  and  the  cock  s 
must  be  opened  to  fill  the 
receiver.  Then  the  filter 
is  set  a  going,  by  re-open- 
ing the  cock  R,  so  as  to  keep  the  fluid  in  the  filter  upon  a  level  with  the  opening  of  the 
tube  c.     Both  these  pieces  of  apparatus  are  essentially  the  same. 

In   many  manufactures,   self-acting   filters    are    fed    by  the  plumber's  common  con- 
390  388 


trivance   of  a  ball-cock,  in  which  the  sinking   and  rising   of  the  ball,  within    certain 

limits,  serves  to  open  or 
shut  off  the  supply  ol 
liquor,  as  it  may  be  re- 
quired or  not.  Dumont 
has  adopted  this  expedient 
for  his  system  of  filtering 
sirup  through  a  stratum  of 
granularly  ground  animal 
charcoal  or  bone-black. 
Fig.  388  is  a  front  view 
of  this  apparatus  with  4 
filters,  c;  and  _^g.  389  is  a 
cross  section.  The  frame- 
work B  supports  the  cis- 


tern  a,  in  which  the  sirup  is  contained.    From  it  the  liquor  flows  through  the  stopcock 
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b,  and  the  connexion-tube  a,  into  the  common  pipe  c,  which  communicates,  by  the  short 
branch  tubes  e,  with  each  of  the  four  filters.  The  end  of  the  branch  tube,  which  is  inside 
of  the  filter  tub,  is  provided  with  a  stop-cock  d  f,  whose  opening,  and  thereby  the  efflux 
of  the  liquor  from  the  cistern  through  the  tube  a,  is  regulated  by  means  of  the  float-ball  g. 
Upon  the  brickwork  d  the  filter  tub  stands,  furnished  at  h  with  a  false  bottom  of  zinc  or 
copper  pierced  with  fine  holes ;  besides  which,  higher  up  at  i  there  is  another  such  plate 
of  metal  furnished  with  a  strong  handle  k,  by  which  it  may  be  removed,  when  the  bone 
black  needs  to  be  changed.  In  the  intervening  space  I,  the  granular  coal  is  placed,  o  is 
the  cover  of  the  filter  tub,  with  a  handle  also  for  lifting  it.  One  portion  of  it  may  be  rais- 
ed by  a  hinge,  when  it  is  desired  to  inspect  the  progress  of  the  filtration  within,  m  m  is  a 
slender  vertical  tube,  forming  a  communication  between  the  bottom  part  h,  and  the  upper 
portion  of  the  filter,  to  admit  of  the  easy  escape  of  the  air  from  that  space,  and  from  among 
the  bone  black  as  the  sirup  descends  ;  otherwise  the  filtration  could  not  go  on.  p  is  the 
stopcock  through  which  the  fluid  collected  in  the  space  under  h,  is  let  off  from  time  to  time 
into  the  common  pipe  q,fig.  388.  r  is  a  trickling  channel  or  groove  lying  parallel  to  the 
tube  q,  and  in  which,  by  means  of  a  tube  s,  inserted  at  pleasure,  the  sirup  is  drawn  off 
in  case  of  its  flowing  in  a  turbid  state,  when  it  must  be  returned  over  the  surface  of  the 
charcoal. 

The  celerity  with  which  any  fluid  passes  through  the  filter  depends,  1.  upon  the  porosi- 
ty of  the  filtering  substance ;  2.  upon  the  pressure  exercised  upon  it ;  and  3.  upon  the  ex- 
tent of  the  filtering  surface.  Fine  powders  in  a  liquor  somewhat  glutinous,  or  closely 
compacted,  admit  of  much  slower  filtration  than  those  which  are  coarse  and  free ;  and  the 
former  ought,  therefoie,  to  be  spread  in  a  thinner  stratum  and  over  a  more  extensive  sur- 
face than  the  latter,  for  equal  effect;  a  principle  well  exemplified  in  the  working  of  Du- 
mont's  apparatus,  just  described. 

In  many  cases  filtration  may  be  accelerated  by  the  increase  of  hydrostatic  or  pneu- 
matic pressure.  This  happens  when  we  close  the  top  of  a  filtering  cylinder,  and  con- 
nect it  by  a  pipe  with  a  cistern  of  fluid  placed  upon  a  higher  level.  The  pressure  of  the 
air  may  be  rendered  operative  also  either  by  withdrawing  it  partially  from  a  close 
vessel,  into  which  the  bottom  of  the  filter  enters,  or  by  increasing  its  density  over  the 
top  of  the  liquor  to  be  filtered.  Either  the  air  pump  or  steam  may  be  employed  to 
create  a  partial  void  in  the  receiver  beneath  the  filter.  In  like  manner,  a  forcing  pump 
or  steam  may  be  employed  to  exert  pressure  upon  the  surface  of  the  filtering  liquor.  A 
common  syphon  may,  on  the  same  principle,  be  made  a  good  pressure  filter,  by  making 
its  upper  leg  trumpet-shaped,  covering  the  orifice  with  filter  paper  or  cloth,  and  filling 
the  whole  with  liquor,  the  lower  leg  being  of  such  length  so  as  to  create  considerable 
pressure  by  the  difference  of  hydrostatic  level.  This  apparatus  is  very  convenient  either 
on  the  small  or  great  scale,  for  filtering  off  a  clear  fluid  from  a  light  muddy  sediment. 
The  pressure  of  the  atmosphere  may  be  elegantly  applied  to  common  filters,  by  the  appa- 
ratus represented  in_^g.  390,  which  is  merely  a  funnel  enclosed  within  a  gasometer.  The 
case  A  n  bears  an  annular  hollow  vessel  a  b,  filled  with  water,  in  which  receiver  the  cyl- 
indrical gasometer  d,  e,  f,  i,  is  immersed.  The  filter  funnel  is  secured  at  its  upper 
edge  to  the  inner  surface  of  the  annular  vessel  a  b.  In  consequence  of  the  pressure  of 
the  gasometer  regulated  by  the  weight  g,  upon  the  air  enclosed  within  it,  the  liquid  is 
equally  pressed,  and  the  water  in  the  annular  space  rises  to  a  corresponding  height  on  the 
outer  surface  of  the  gasometer,  as  shown  in  the  figure.  Were  the  apparatus  made  of 
..heet  iron,  the  annular  space  might  be  charged  with  mercury. 

In  general,  relatively  to  the  application  of  pressure  to  filters,  it  may  be  remarked, 
that  it  cannot  be  pushed  very  far,  without  the  chance  of  deranging  the  apparatus,  or 
rendering  the  filtered  liquor  muddy.  The  enlargement  of  the  surface  is,  generally 
speaking,  the  safest  and  most  efficacious  plan  of  increasing  the  rapidity  of  filtration, 
especially  for  liquids  of  a  glutinous  nature.  This  expedient  is  well  illustrated  in  the  creased 
bag  filter  now  in  use  in  most  of  the  sugar  refineries  of  London.     See  Sugar. 

In  many  cases  it  is  convenient  so  to  construct  the  filtering  apparatus,  as  that  the 
liquid  shall  not  descend,  but  mount  by  hydrostatic  pressure.  This  method  has  two 
advantages  :  1.  that  without  much  expensive  apparatus,  any  desired  degree  of  hydro- 
static pressure  may  be  given,  as  also  that  the  liquid  may  be  forced  up  through  several  fil- 
tering surfaces  placed  alongside  of  each  other ;  2.  that  the  object  of  filtering,  which  is  to 
separate  the  particles  floating  in  the  fluid  without  disturbing  the  sediment,  may  be  per- 
fectly attained,  and  thus  very  foul  liquids  be  cleared  without  greatly  soiling  the  filtering 
surface. 

Such  a  construction  is  peculiarly  applicable  to  the  purification  of  water,  either  alone, 
or  combined  with  the  downwards  plan  of  filtration.  Of  the  former  variety  an  example 
is  shown  in  fig.  391.  The  wooden  or  zinc  conical  vessel  is  provided  with  two  per- 
forated bottoms  or  sieves  e  c,  betwixt  which  the  filtering  substance  is  packed.  Over 
this,  for  the  formation  of  the  space  h  h,  there  is  a  third  shelf,  with  a  hole  in  its  middle, 
through  which  the  tube  d  6  is  passed,  so  as  to  be  water  light.    This  places  the  upper 
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open  part  of  the  apparatus  in  communicaiion  with  the  lowest  space  a.  From  the  com- 
partment  A  /i  a  small  air  tube  I  runs  upwards.  The  filtering  substance  consists  at  bottom 
of  pebbles,  in  the  middle  of  gravel,  and  at  the  top  of  fine  sand,  which  may  be  mixed  with 
coarsely  ground  bone  black,  or  covered  with  a  layer  of  the  same.  The  water  to  be  filter- 
ed being  poured  into  the  cistern  at  top,  fills  through  the  tube  h  d  the  inferior  compartment 
a,  from  which  the  hydrostatic  pressure  forces  the  water  upward  through  the  perforated 
shelf,  and  the  filtering  materials.  The  pure  water  collects  in  the  space  h  h,  while  the  air 
escapes  by  the  small  tube  /,  as  the  liquid  enters.  The  stopcock  i  serves  to  draw  ofl'  the 
filtered  water.  As  tlie  motion  of  the  fluid  in  the  filter  is  slow,  the  particles  suspended  in 
it  have  time  to  subside  by  their  own  gravity ;  hence  there  collects  over  the  upper  shelf  at 
d,  as  well  as  over  the  under  one  at  a,  a  precipitate  or  deposite  which  may  be  washed  out 
of  the  latter  cavity  by  means  of  the  stopcock  m. 

As  an  example  of  an  upwards  and  downwards  filter, _^g.  392  may  be  exhibited,     a  b  cd 

is  a  wooden  or  metallic  cistern  fur- 
nished with  the  perforated  shelf 
c  (£  near  its  under  part,  upon  which 
a  vertical  partition  is  fixed  through 
the  axis  of  the  vessel.  A  semi- 
circular perforated  shelf  is  placed 
at  a,  and  a  second  similar  one  at 
b.  These  horizontal  shelves  rest 
upon  brackets  in  the  sides  of  the 
cisterns,  so  that  they  may  be  read- 
ily lifted  out.  The  space  g  is 
filled  with  coarse  sand,  j  with  mod- 
erately fine,  and  H  with  very  fine. 
The  foul  water  is  poured  into  the 
chamber  e,  and  presses  through 
G  J  H  and  into  the  space  f  ;  whence 
it  may  be  drawn  by  the  stop- 
cock /. 

Fig.  393  represents  in  section  a  filtering  apparatus  consisting  of  two  concentric 
chambers;  the  interior  being  destined  for  downwards  filtration,  and  the  exterior  for 
upwards.     Within  the  larger  cistern  a,  a  smaller  one  b  is  placed  concentrically,  with  its 

under  part,  and  is  left  open  from 
distance  to  distance,  to  make  a 
communication  between  the  in- 
terior cavity  and  the  exterior 
annular  space.  These  cavities 
are  filled  to  the  marked  height 
with  sand  and  gravel.  The 
inner  cylindrical  space  has  fine 
sand  below,  then  sharper  sand 
with  granular  charcoal,  next 
coarse  sand,  and  lastly  gravel. 
The  annular  space  has  in  like 
manner  fine  sand  below.  The 
foul  water  is  introduced  by  the 
pipe  E,  the  orifice  at  whose  end 
is     acted     upon     by    a    ball-cock 

.^  .--—-,  I with    its    lever  a ;    whereby   the 

=r^^M5M:^^^S?M;^^M^^5?-^  ^vater  is  kept  always  at  the  same 

level  in  the  inner  vessel.  The  water  sinks  through  the  sand  strata  of  the  middle  vessel, 
passes  outwards  at  its  bottom  into  the  annular  space,  thence  up  through  the  sand  in  it, 
and  collecting  above  it,  is  let  off  by  the  stopcock  on  the  pipe  b.  When  a  muddy  deposite 
forms  after  some  time,  it  may  be  easily  cleared  out.  The  cord  c,  running  over  the  pulleys 
//,  being  drawn  tight,  the  ball  lever  will  shut  up  the  valve.  The  stopcock  d  made  fast 
to  the  conducting  tube  e  must  then  be  opened,  so  that  the  water  now  overflows  into  the 
annular  space  at  a  ;  the  tube  c,  in  communication  with  the  inner  space  b,  being  opened 
by  taking  out  the  stopper  h.  The  water  thereby  percolates  through  the  sand  strata  in  the 
reverse  direction  of  its  usual  course,  so  as  to  clear  away  the  impurities  in  the  space  b,  and 
to  discharge  them  by  the  pipe  c  h.  An  apparatus  of  this  kind  of  moderate  size  is  capable 
of  filtering  a  great  body  of  water.  It  should  be  constructed  for  that  purpose  of  masonry  ; 
but  upon  a  small  scale  it  may  be  made  of  stone-ware. 

A  convenient  apparatus  for  filtering  oil  upwards  is  represented  in_^g.  394.  g  is  an  oil 
cask,  in  which  the  impure  parts  of  the  oil  have  accumulated  over  the  bottom.  Imme- 
diately above  this,  a  pipe  a  is  let  in,  which  communicates  with  an  elevated  water  cistern 
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n.    /  is  the  filter  (placed  on  the  lid  of  the  cask),  furnished  with  two  perforated  shelves, 

one  at  e  and  another  at  d ;  which  divide  the  interior  of  the  filter  into  three  com- 

394  partments.     Into  the  lower  space  immediately  over  the  shelf  e, 

I 1  the  tube  b,  furnished  with  a  stopcok,  enters,  to  establish  a 

n  communication  with  the  cask  ;  the  middle  cavity  e  is  filled  with 

^1        tifj  f_      coarsely  ground  charcoal  or  other  filtering  materials ;  and  the 

^^^H  upper  one  has  an  eduction  pipe,  I.     When  the  stopcocks  of  the 

^S  '         tubes  a  and  b  are  opened,  the  water  passes  from  the  cistern  into 

,^^ffl  |l       ^'^^  o''  cask,  occupies  from  its  density  always  the  lowest  place, 

y^^P^^vV        and  presses  the  oil  upwards,  without  mixing  the  two  liquids; 

f/      '^^^^        whereby  first  the  upper  and  purer  portion  of  the  oil  is  forced 

/  \\        through  the  tube  b  into  the  filter,  and  thence  out  through  the 

|\       pipe  I'    When  the  fouler  oil  follows,  it  deposites  its  impurities 

11       in  the  space  under  the  partition  c,  which  may  from  time  to  time 

II       be  drawn  oflT  through  the  stopcock  k,  while  the  purer  oil  is 

I  //       pressed  upwards  through  the  filter.     In  this  way  the  different 

fl //        strata  of  oil  in  the  cask  may  be  filtered  off  in  succession,  and 

>   I  I  '         kept  separate,  if  found  necessary,  for  sale  or  use,  without  run- 

ning any  risk  of  mixing  up  the  muddy  matter  with  what  is  clear.  According  to  the 
height  of  the  water  cistern  n,  will  be  the  pressure,  and,  of  course,  the  filtering  force. 
When  the  filter  gets  choked  with  dirt,  it  may  be  easily  recharged  with  fresh  materials. 

In  filtering  caustic  alkaline  leys  through  linen  or  quartz,  it  is  proper  to  exclude  the 
free  contact  of  air ;  which  is  done  by  enclosing  the  upper  vessel,  and  attaching  a  pipe  of 
communication  between  its  cover  and  the  shoulder  of  the  lower  vessel  or  recipient  of  the 
leys.  In  proportion  as  these  flow  down,  they  will  displace  their  bulk  of  air,  and  drive 
it  into  the  top  of  the  upper  vessel  above  the  foul  leys. 

Many  modifications  of  the  above  described  apparatus  are  now  on  sale  in  this  country ; 
but  certainly  the  neatest,  most  economical,  and  effective  means  of  transforming  the  water 
of  a  stagnant  muddy  pool  into  that  of  a  crystalline  fountain,  is  afforded  by  the  Royal 
Patent  Filters  of  George  Robins. 

FIRE  ARMS,  Manufacture  of.  This  art  is  divided  into  two  branches,  that  of  the 
metallic  and  of  the  wooden  work.  The  first  includes  the  barrel,  the  lock,  and  the  mount- 
ing, as  also  the  bayonet  and  ramrod,  with  military  arms.  The  second  comprises  the  stock, 
and  in  fowling  pieces,  likewise  the  ramrod. 

].  The  Barrel.  Its  interior  is  called  the  bore  ;  its  diameter,  the  calibre ;  the  back 
end,  the  breech ;  the  front  end,  the  muzzle ;  and  the  closing  of  the  back  end,  the  breech 
pin  or  plug.  The  barrel  is  generally  made  of  iron.  Most  military  muskets  and  low- 
priced  guns  are  fashioned  out  of  a  long  slip  of  sheet-iron,  folded  together  edgewise 
round  a  skewer  into  a  cylinder,  are  then  lapped  over  at  the  seam,  and  welded  at  a 
white  heat.  The  most  ductile  and  tenacious  soft  iron,  free  from  all  blemishes,  must  be 
selected  for  this  slip.  It  is  frequently  welded  at  the  common  forge,  but  a  proper  air- 
furnace  answers  better,  not  being  so  apt  to  burn  it.  It  should  be  covered  with  ashes 
or  cinders.  The  shape  of  the  bore  is  given  by  hammering  the  cylinder  upon  a  steel 
mandril,  in  a  groove  of  the  anvil.  Six  inches  of  the  barrel  at  either  end  are  left  open 
for  forming  the  breech  and  the  muzzle  by  a  subsequent  welding  operation ;  the  extrem- 
ity put  into  the  fire  being  stopped  with  clay,  to  prevent  the  introduction  of  cinders. 
For  every  length  of  two  inches  there  are  from  two  to  three  welding  operations,  divided 
into  alternating  high  and  low  heats  ;  the  latter  being  intended  to  correct  the  defects  of 
the  former.  The  breech  and  muzzle  are  not  welded  upon  the  mandril,  but  upon  the 
horn  of  the  anvil ;  the  breech  being  thicker  in  the  metal,  is  more  highly  heated,  and  is 
made  somewhat  wider  to  save  labor  to  the  borer.  The  barrel  is  finally  hammered  in 
the  groove  of  the  anvil  without  the  mandril,  during  which  process  it  receives  a  heat 
every  two  minutes.  In  welding,  the  barrel  extends  about  one  third  in  length ;  and 
for  muskets,  is  eventually  left  from  3  to  3^  feet  long ;  but  for  cavalry  pistols,  only  9 
inches. 

The  best  iron  plates  for  gun-barrels  are  those  made  of  stub  iron,  that  is,  of  old 
horse-shoe  nails  welded  together,  and  forged  into  thin  bars,  or  rather  narrow  ribands. 
At  one  time  damascus  barrels  were  much  in  vogue ;  they  were  fashioned  either  as  above 
described,  from  plates  made  of  bars  of  iron  and  steel  laid  parallel,  and  welded  together, 
or  from  ribands  of  the  same  damascus  stuff  coiled  into  a  cylinder  at  a  red  heat,  and  then 
welded  together  at  the  seams.  The  best  modern  barrels  for  fowling  pieces  are  con- 
structed of  stub-nail  iron  in  this  manner.  The  slip  or  fillet  is  only  half  an  inch  broad, 
or  sometimes  less,  and  is  left  thicker  at  the  end  which  is  to  form  the  breech,  and  thinner 
at  the  end  which  is  to  form  the  muzzle,  than  in  the  intermediate  portion.  This  fillet 
being  moderately  heated  to  increase  its  pliancy,  is  then  lapped  round  the  mandril  in  a 
spiral  direction  till  a  proper  length  of  cylinder  is  formed ;  the  edges  being  made  to 
overlap  a  little  in  order  to  give  them  a  better  hold  in  the  welding  process.    The  coil 
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being  taken  off  the  mandril  and  again  heated,  is  struck  down  vertically  with  its  muzzle 
end  upon  the  anvil,  whereby  the  spiral  junctions  are  made  closer  and  more  uniform.  It 
is  now  welded  at  several  successive  heats,  hammered  by  horizontal  strokes,  called  jump- 
ing, and  brought  into  proper  shape  on  the  mandril.  The  finer  barrels  are  made  of  still 
narrower  stub-iron  slips,  whence  they  get  the  name  of  wire  twist.  On  the  Continent, 
barrels  are  made  of  steel  wire,  welded  together  lengthwise,  then  coiled  spirally  into  a 
cylinder.  Barrels  that  are  to  be  rifled  require  to  be  made  of  thicker  iron,  and  that  of 
the  very  best  quality,  for  they  would  be  spoiled  by  the  least  portion  of  scale  upon  their 
inside.  Soldiers'  muskets  are  thickened  a  little  at  the  muzzle,  to  give  a  stout  holding  to 
the  bayonet. 

The  barrels  thus  made  are  annealed  with  a  gentle  heat  in  a  proper  furnace,  and 
slowly  cooled.  They  are  now  ready  for  the  borer,  which  is  an  oblong  square  bit  of 
steel,  pressed  in  its  rotation  against  the  barrel,  by  a  slip  of  wood  applied  to  one  of  its 
flat  sides,  and  held  in  its  place  by  a  ring  of  melal.  The  boring  bench  works  horizon- 
tally, and  has  a  very  shaky  appearance,  in  respect  at  least  of  the  bit.  In  some  cases, 
however,  it  has  been  attempted  to  work  the  barrels  and  bits  at  an  inclination  to  the 
horizon  of  30°,  in  order  to  facilitate  the  discharge  of  the  borings.  The  barrel  is  held 
in  a  slot  by  only  one  point,  to  allow  it  to  humor  the  movements  of  the  borer,  which 
395  would  otherwise  be  infallibly 

broken.     The  bit,  as    repre- 
sented in  Jig.  395,  has  merely 
its  square  head  inserted  into  a 
396     1      »««.«■«,»..«  ill  »«,»»»i(»»B«    n    I         clamp-chuck  of  the  lathe,  and 

plays  freely  through  the  rest 
of  its  lensth. 

Fig.  396  represents  in  plan 
the  boring  bench  for  musket 
barrels ;  /  /  is  the  sledge  or 
carriage  frame  in  which  the  barrel  is  supported;  a  is  the  revolving  chuck  of  the  lathe, 
into  which  the  square  end  of  the  bit, yzg.  395,  is  inserted  ;  6  is  the  barrel,  clamped  at  its 
middle  to  the  carriage,  and  capable  of  being  pressed  onwards  against  the  tapering  bit  of 
the  borer,  by  the  bent  lever  c,  worked  by  the  left  hand  of  the  operative  against  fulcrum 
knobs  at  d,  which  stand  about  two  inches  asunder.  Whenever  the  barrel  has  been 
thereby  advanced  a  certain  space  to  the  right,  the  bent  end  of  the  lever  is  shifted  against 
another  knob  or  pin.  The  borer  appears  to  a  stranger  to  be  a  very  awkward  and  unsteady 
mechanism,  but  its  perpetual  vibrations  do  not  aflfect  the  accuracy  of  the  bore.  The 
opening  broach  may  be  of  a  square  or  pentagonal  form,  and  either  gradually  tapered 
from  its  thickest  part,  or  of  uniform  diameter  till  within  two  inches  of  the  end,  whence 
it  is  suddenly  tapered  to  a  point. 

A  series  of  bits  may  be  used  for  boring  a  barrel,  beginning  with  the  smallest  and  end- 
ing with  the  largest.  But  this  multiplication  of  tools  becomes  unnecessary,  by  laying 
against  the  cutting  part  of  the  bit  slips  of  wood,  called  spales,  of  gradually  increasing 
thickness,  so  that  the  edge  is  pressed  by  them  progressively  further  from  the  axis.  The 
bore  is  next  polished.  This  is  done  by  a  bit  with  a  very  smooth  edge,  which  is  mounted 
as  above,  with  a  wedge  of  wood  besmeared  with  a  mixture  of  oil  and  emery.  The  inside 
is  finished  by  working  a  cylindrical  steel  file  quickly  backwards  and  forwards  within  it, 
while  it  is  revolving  slowly. 

In  boring,  the  bit  must  be  well  oiled  or  greased,  and  the  barrel  must  be  kept  cool  by 
letting  water  trickle  on  it ;  for  the  bit,  revolving  at  the  rate  of  120  or  140  times  a  minute, 
generates  a  great  deal  of  heat.  If  a  flaw  be  detected  in  the  barrel  during  the  boring, 
that  part  is  hammered  in,  and  then  the  bit  is  employed  to  turn  it  out. 

Many  sportsmen  are  of  opinion  that  a  barrel  with  a  bore  somewhat  narrowed  towards 
the  muzzle  serves  to  keep  shot  better  together;  and  that  roughening  its  inside  with 
pounded  glass  has  a  good  effect,  with  the  same  view.  For  this  purpose,  also,  fine  spiral 
lines  have  been  made  in  their  interior  surface.  The  justness  of  its  calibre  is  tried  by 
means  of  a  truly  turned  cylinder  of  steel,  3  or  4  inches  long,  which  ought  to  move  without 
friction,  but  with  uniform  contact  from  end  to  end  of  the  barrel.  Whatever  irregularities 
api)ear  must  be  immediately  removed. 

The  outer  surface  of  the  barrel  is  commonly  polished  upon  a  dry  grindstone,  but  it  is 
better  finished,  and  less  dangerously  to  the  workman,  at  a  turning  lathe  with  a  slide  rest. 
If  a  stone  be  used,  it  should  be  made  to  revolve  at  the  mouth  of  a  tunnel  of  some  kind, 
into  which  there  is  a  good  draught  to  carry  off  the  ferruginous  particles.  A  piece  of 
moist  cloth  or  leather  should  be  suspended  before  the  orifice. 

Rifle  barrels  have  parallel  grooves  of  a  square  or  angular  form  cut  within  them,  each 
groove  being  drawn  in  succession.  These  grooves  run  spirally,  and  form  each  an 
aliquot  part  of  a  revolution  from  the  chamber  to  the  muzzle.  Rifles  should  not  be  too 
deeply  indented ;  only  so  much  as  to  prevent  the  ball  turning  round  within  the  barrel, 
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and  the  spires  should  be  truly  parallel,  that  the  ball  may  glide  along  with  a  regular 
pace.     See  infra. 

The  Parisian  gun-makers,  who  are  reckoned  very  expert,  draw  out  the  iron  for  the 
barrels  at  hand  forges,  in  fillets  only  one  ninth  of  an  incli  thick,  one  inch  and  a  half 
broad,  and  four  feet  long.  Twenty-five  of  these  ribands  are  laid  upon  each  other,  between 
two  similar  ones  of  double  thickness,  and  the  bundle,  weighing  60  pounds,  bound  with 
wire  at  two  places,  serves  to  make  two  barrels.  The  thicker  plates  are  intended  to 
protect  the  thinner  from  the  violence  of  the  fire  in  the  numerous  successive  heats  neces- 
sary to  complete  the  welding,  and  to  form  the  bundle  into  a  bar  two  thirds  of  an  inch 
broad,  by  half  an  inch  thick ;  the  direction  of  the  individual  plaies  relatively  to  the 
breadth  being  preserved.  This  bar,  folded  flat  upon  itself,  is  again  wrought  at  the 
forge,  till  it  is  only  half  an  inch  broad,  and  a  quarter  of  an  inch  thick,  while  the  plates  of 
the  primitive  ribands  are  now  set  perpendicular  to  the  breadth  of  the  narrow  fillet ;  the 
length  of  which  must  be  15  or  16  feet  French  (16  or  17  English),  to  form  a  fowling 
piece  from  28  to  30  inches  long.  This  fillet,  heated  to  a  cherry  red  in  successive 
portions,  is  coiled  into  as  close  a  spiral  as  possible,  upon  a  mandril  about  two  fifths 
of  an  inch  in  diameter.  The  mandril  has  at  one  end  a  stout  head  for  drawing  it  out, 
by  means  of  the  hammer  and  the  grooves  of  the  anvil,  previous  to  every  heating.  The 
welding  is  performed  upon  a  mandril  introduced  after  each  heat ;  the  middle  of  the 
barrel  being  first  worked,  while  the  fillets  are  forced  back  against  each  other,  along  the 
surface  of  the  mandril,  to  secure  their  perfect  union.  The  original  plates  having  in  the 
formation  of  the  ultimate  long  riband  become  very  thin,  appear  upon  the  surface  of  the 
barrel  like  threads  of  a  fine  screw,  with  blackish  tints  to  mark  the  junctions.  In  making 
a  double-barrelled  gun,  the  two  are  formed  from  the  same  bundle  of  slips,  the  coils  of  the 
one  finished  fillet  being  turned  to  the  right  hand,  and  those  of  the  other  to  the  left. 

The  Damascus  barrels  forged  as  above  described,  from  a  bundle  of  steel  and  iron 
plates  laid  alternately  together,  are  twisted  at  the  forge  several  times,  then  coiled  and 
welded  as  usual.  Fifteen  Parisian  workmen  concur  in  one  operation  :  six  at  the  forge ; 
two  at  the  boring  mill;  seven  at  filing,  turning,  and  adjusting;  yet  all  together  make 
only  six  pairs  of  barrels  per  week,  which  are  sold  at  from  100  to  300  francs  the  pair,  ready 
for  putting  into  the  stock. 

the  common;  the  chamber,  plug,  or  mortar,  fig.  397; 
and  the  patent,  fig.  398.  The  common 
was  formerly  used  for  soldiers'  muskets 
and  inferior  pieces.  The  second  is  a 
trifling  improvement  upon  it.  In  the 
patent  breeching,  the  screws  do  not  in- 
terfere with  the  touch-hole,  and  the  ignition 
is  quicker  in  the  main  chamber. 

The  only  locks  which  it  is  worth  while 
to  describe  are  those  upon  the  percussion 
principle,  as  flint  locks  will  certainly  soon 
cease  to  be  employed  even  in  military 
muskets.  Forsyth's  lock  (fig.  399)  was 
an  ingenious  contrivance.  It  has  a  maga- 
zine a,  for  containing  the  detonating  pow- 
der, which  revolves  round  a  roller  b,  whose 
end  is  screwed  into  the  breech  of  the 
barrel.  The  priming  powder  passes  through 
a  small  hole  in  the  roller,  which  leads  to  a 
channel  in  communication  with  the  chamber 

of  the  gun. 

The  pan  for  holding  the  primmg  is  placed  immediately  over  the  litt.e  hole  in  the  roller. 
There  is  a  steel  punch  c,  in  the  magazine,  whose  under  end  stands  above  the  pan,  ready 


The  breechint 


is  of  three  kinds  : 
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to  ignite  the  priming  when  struck  upon  the  top  by  the  cock  d,  whenever  the  trigger  is 
drawn.  The  punch  immediately  after  being  driven  down  inio  the  pan  is  raised  by  the  action 
of  a  spiral  spring.  For  each  explosion,  the  magazine  must  be  turned  so  far  round  as  to 
let  fall  a  portion  of  the  percussion  powder  into  the  pan;  after  which  it  is  turned  back, 
and  the  steel  punch  recovers  its  proper  position  for  striking  another  blow  into  the 
pan. 

The  invention  of  the  copper  percussion  cap  was  another  great  improvement  upon  the 
detonating  plan.  Fig.  400  represents  the  ordinary  percussion  lock,  which  is  happily 
divested  of  three  awkward  projections  upon  the  flint  lock,  namely,  the  hammer,  hammer 
sprins,  and  the  pan.  Nothing  now  appears  upon  the  plate  of  the  lock,  but  the  cock 
or  striking  hammer,  which  inflicts  the  proper  blow  upon  the  percussion  cap.  It  is 
concave,  with  a  small  metallic  ring  or  border,  called  a  shield  or  fence,  for  the  purpose 
of  enclosing  the  cap,  as  it  were,  and  preventing  its  splinters  doing  injury  to  the  sportsman, 
as  also  protecting  against  the  line  of  flame  which  may  issue  from  the  touch-hole  in  the 
cap  nipple.  This  is  screwed  into  the  patent  breech,  and  is  perforated  with  a  small 
hole. 

400 


The  safety  lock  of  Dr.  Somerville  is  a  truly  humane  invention.  Its  essential  feature 
is  a  slide  stop  or  catch,  placed  under  the  trigger  a,  fig.  401.  It  is  pulled  forward  into 
a  notch  in  the  trigger,  by  means  of  a  spring  b,  upon  the  front  of  the  guard,  which  is 
■worked  by  a  key  c,  pressing  upon  the  spring  when  the  piece  is  discharged.  In  another 
safety  plan  there  is  a  small  moveable  curved  piece  of  iron,  a,  which  rises  through  an  opening 
B,  in  the  lock-plate  c,  and  prevents  the  cock  from  reaching  the  nipple,  as  represented  in 
the  figure,  until  it  is  drawn  back  within  the  plate  of  the  lock  when  the  piece  is  fired. 

401 


To  fire  this  gun,  two  diflferent  points  must  be  pressed  at  the  same  time.  If  by 
accident  the  key  which  works  the  safety  be  touched,  nothing  happens,  because  the  trigger 
is  not  drawn  ;  and  the  trigger  touched  alone  can  produce  no  effect,  because  it  is  locked. 
The  pressure  must  be  applied  to  the  trigger  and  the  key  at  the  same  instant,  otherwise 
the  lock  will  not  work. 

The  French  musket  is  longer  than  the  British,  in  the  proportion  of  44*72  inches  to  42; 
but  the  French  bayonet  is  15  inches,  whereas  the  British  is  17. 
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Eng.  Dimensions. 

-  0.75  in. 
.      0-676 

-  1-06 
12-25 
59-00 


Fr.  Dimensions. 
0-69  in. 
0-65 
0-958 
10-980 
59-72 


Diameter  of  the  bore 

Diameter  of  the  ball       .        .        ^ 

Weight  of  the  ball  in  oz. 

AVeight  of  the  firelock  and  bayonet  in  lbs. 

Length  of  the  barrel  and  bayonet  - 
Within  these  few  years  a  great  many  contrivances  have  been  brought  forward,  and 
several  have  been  patented  for  fire  arms.  The  first  I  shall  notice  is  that  of  Charles 
Random,  Baron  de  Berenger.  Fig.  402  shows  the  lock  and  breech  of  a  fowling  piece, 
with  a  sliding  protector  on  one  of  the  improved  plans  ;  a  is  the  hammer,  b  the  nipple  of 
the  touch-hole,  c  a  bent  lever,  turning  upon  a  pin,  fixed  into  the  lock -plate  at  d.  The 
upper  end  of  this  bent  lever  stands  partly  under  the  nose  of  the  hammer,  and  while  in 
that  situation  stops  it  from  striking  the  nipple.  A  slider  g  f  h,  connected  with  the  under 
part  of  the  gun-stock,  is  altachecl  to  the  tail  of  the  bent  lever  at  i;  and  when  the  piece 
is  brought  to  the  shoulder  for  firing,  the  hand  of  the  sportsman  pressing  against  the  bent 
part  of  the  slider  at  g,  forces  this  back,  and  thereby  moves  the  end  of  the  lever  c  forward 


from  under  the  nose  of  the  cock  or  hammer,  as  shown  by  the  dotted  lines.  The  trigger 
being  now  drawn,  the  piece  will  be  discharged  ;  and  on  removing  the  hand  from  the  end 
g,  of  the  slider  /,  the  spring  at  h  acting  against  the  guard,  will  force  the  slider  forward, 
and  the  lever  into  the  position  first  described. 

Mr.  Redford,  gun-maker  of  Birminghan,  proposes  a  modification  of  the  lock  for 
small  fire-arms,  in  which  the  application  of  pressure  to  the  sear  spring  for  discharging 
the  piece  is  made  by  means  of  a  plug,  depressed  by  the  thumb,  instead  of  the  force  of 
the  finger  exerted  against  the  trigger.      Fig.  403  represents  a  fowling  piece  partly  in 


403 


"^r 


section.  The  sear  spring  is  shown  at  a.  It  is  not  here  connected  with  the  trigger  as  in 
other  locks  ;  but  is  attached  by  a  double-jointed  piece  to  a  lever  b,  which  turns  upon  a 
fulcrum  pin  in  its  centre.  At  the  reverse  end  of  this  lever  an  arm  extends  forwards, 
like  that  of  an  ordinary  sear  spring,  upon  which  arm  the  lower  end  of  the  plug  c  is 
intended  to  bear ;  and  when  this  plug  is  depressed  by  the  thumb  bearing  upon  it,  that 
end  of  the  lever  b  will  be  forced  downwards,  and  the  reverse  end  will  be  raised,  so  as  to 
draw  up  the  end  of  the  sear  spring,  and  set  off  the  piece.  For  the  sake  of  protection, 
the  head  of  the  plug  c  is  covered  by  a  moveable  cap  d,  forming  part  of  a  slider  e,  which 
moves  to  and  fro  in  a  groove  in  the  stock,  behind  the  breech  end  of  the  barrel ;  this 
slider  e  is  acted  upon  by  the  trigger  through  levers,  which  might  be  attached  to  the  other 
side  of  the  lock-plate;  but  are  not  shown  in  this  figure,  to  avoid  confusion.  When  the 
piece  is  brought  to  the  shoulder  for  firing,  the  fore-finger  must  be  applied  as  usual  to 
the  trigger,  but  merely  for  the  purpose  of  drawing  back  the  slider  e,  and  uncovering  the 
head  of  the  plug  ;  when  this  is  done,  the  thumb  is  to  be  pressed  upon  the  head  of  the  plug, 
and  will  thus  discharge  the  piece.  A  spring  bearing  against  the  lever  of  the  slider  e,  will, 
when  the  finger  is  withdrawn  from  the  trigger,  send  the  slider  forward  again,  and  cover 
the  head  of  the  plug,  as  shown. 

It  is  with  pleasure  I  again  advert  to  the  humane  ingenuity  of  the  Rev.  John  Somerville, 
of  Currie.  In  April,  1835,  he  obtained  a  patent  for  a  further  invention  to  prevent  the 
accidental  discharge  of  fire  arms.  It  consists  in  hindering  the  hammer  from  reaching  the 
nipple  of  a  percussion  lock,  or  the  flint  reaching  the  steel  of  an  ordinary  one,  by  the 
interposition  of  moveable  safety  studs  or  pins,  which  protrude  from  under  the  false 
breech  before  the  hammers  of  the  locks,  and  prevent  them  from  descending  to  strike. 
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These  safety  stuJs  or  pins  are  moved  out  of  the  way  by  the  pressure  of  the  right  hand  of 
the  person  using  the  gun  only  when  in  the  act  of  firing,  that  is,  when  the  force  of  the 
right  hand  and  arm  is  exerted  to  press  the  butt  end  of  the  stock  of  the  gun  against  the 
shoulder  while  the  aim  is  taken  and  the  trigger  pulled.  In  carrying  the  gun  at  rest,  the 
proper  parts  of  the  thumb  or  hand  do  not  come  over  Mr.  Somerville's  moveable  buttons  or 
studs. 

Fig.  404  is  a  side  view  of  part  of  a  double  percussion  gun  ;  and  fig.  405  is  a  top  or 
plan  view,  which  will  serve  to  explain  these  improvements,  and  show  one,  out  of  many, 
methods  of  carrying  them  into  effect.  a  is  the  stock  of  the  gun;  b  the  barrels;  c  the 
breech  ;  d  the  nipples ;  e  the  false  breech,  on  the  under  side  of  which  the  levers  which 
work  ihe  safety  studs  or  pins  are  placed;  f  is  the  shield  of  the  false  breech;  g,  triggers; 
H  the  lock-plate;  and  i  the  hammers:  all  of  which  are  constructed  as  usual:  a  a  are 
the  safely  studs  or  pins,  which  protrude  before  the  shield  f,  and  work  through  guide 
pieces  on  the  under  side  of  the  false  breech.  The  button  piece  is  placed  in  the 
position  for  the  thumb  of  the  right  hand  to  act  upon  it;  but  when  the  pressure  of  the 
ball  of  the  right  thumb  is  to  produce  the  movement  of  the  safety  studs,  it  must  be  placed 


in  or  near  the  position  k  ;    and  when  the  heel  of  the  right  hand  is  to  effect  the  move- 
ments of  the  safety  studs,  the  button  piece  must  be  placed  at  l,  or  nearly  so. 
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In  these  last  two  positions,  the  lever  (which  is  acted  upon  by  the  button  piece  to  work 
the  safety  studs  through  a  slide)  would  require  to  be  of  a  different  shape  and  differ- 
ently mounted.  When  the  hammers  are  down  upon  the  nijiples  after  discharging  the 
gun,  the  ends  of  the  safety  pins  press  against  the  inner  sides  of  the  hammers.  When  this 
invention  is  adapted  to  single-barrelled  guns,  only  one  pin,  a,  one  lever  and  button  piece 
will  be  required. 

Mr.  Richards,  gun  maker,  Birmingham,  patented,  in  March,  1836,  a  modification  of 
the  copper  cap  for  holding  the  percussion  powder,  as  represented  fig.  406  ;  in  which 
the  powder  is  removed  from  the  top  of  the  cap,  and  brought  nearer  the  mouth  ;  a  being  • 
the  top,  b  the  sides,  and  c  the  position  of  the  priming.  The  dotted  lines  show  the  direc- 
tion of  the  explosion,  whereby  it  is  seen  that  the  metal  case  is  opened  or  distended  only 
in  a  small  degree,  and  not  likely  to  burst  to  pieces,  as  in  the  comnion  caps,  the  space 
between  a  and  c  being  occupied  by  a  piece  of  any  kind  of  hard  metal  d,  soldered  or  other- 
wise fastened  in  the  cap. 

George  Lovell,  Esq.,  director  of  the  Royal  Manufactory  of  Arms  at  Enfield,  has  re- 
cently made  a  great  improvement  upon  the  priming  chamber.  He  forms  it  into  a  verti- 
cal double  cone,  joined  in  the  middle  by  the  common  apex;  the  base  of  the  upper  cone 
being  in  contact  with  the  percussion  cap,  presents  the  most  extensive  surface  to  the  ful- 
minate upon  the  one  hand,  while  the  base  of  the  under  one  being  in  a  line  with  the  interior 
surface  of  the  barrel,  presents  the  largest  surface  to  the  gunpowder  charge,  upon  the 
other.  In  the  old  nipple  the  apex  of  the  cone  being  at  its  top,  afforded  very  injudiciously 
the  miniinurn  surface  to  the  exploding  force. 

Guns,  Rifling  of  the  Barrels.  —  The  outside  of  rifle  barrels  is,  in  general,  octagonal. 
After  the  barrel  is  bored,  and  rendered  truly  cylindrical,  it  is  fixed  upon  the  rifling 
machine.  This  instrument  is  formed  upon  a  square  plank  of  wood  7  feet  long,  to  which 
is  fitted  a  tube  about  an  inch  in  diameter,  with  spiral  grooves  deeply  cut  internally 
through  its  whole  length;  and  to  this  a  circular  plate  is  attached,  about  5  inches 
diameter,  accurately  divided  in  concentric  circles,  into  from  5  to  16  equal  parts,  and 
supported  by  two  rings  made  fast  to  the  plank,  in  which  rings  it  revolves.  An  arm 
connected  with  the  dividing  graduated  plate,  and  pierced  with  holes,  through  which  a 
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pin  is  passed,  regulates  the  change  of  the  tube  in  giving  the  desired  number  of  grooves 
to  the  barrel.  An  iron  rod,  with  a  moveable  handle  at  the  one  end,  and  a  steel  cutter  in 
the  other,  passes  through  the  above  rifling  tube.  This  rod  is  covered  with  a  core  of  lead 
one  foot  long.  The  barrel  is  firmly  fixed  by  two  rings  on  the  plank,  standing  in  a  straight 
line  on  the  tube.  The  rod  is  now  drawn  repeatedly  through  the  barrel,  from  end  to  end, 
until  the  cutter  has  formed  one  groove  of  the  proper  depth.  The  pin  is  then  shifted  to 
another  hole  in  the  dividing  plate,  and  the  operation  of  grooving  is  repeated  till  the  whole 
number  of  riflings  is  completed.  The  barrel  is  next  taken  out  of  the  machine,  and  fin- 
ished. This  is  done  by  casting  upon  the  end  of  a  small  iron  rod  a  core  of  lead,  which, 
when  besmeared  with  a  mixture  of  fine  emery  and  oil,  is  drawn,  for  a  considerable  time, 
by  the  workmen,  from  the  one  end  of  the  barrel  to  the  other,  till  the  inner  surface  has 
become  finely  polished.  The  best  des^ree  of  spirality  is  found  to  be  from  a  quarter  to 
half  a  revolution  in  a  length  of  three  feet. 

Military  Rifles. — An  essential  improvement  in  this  destructive  arm  has  lately  been  in- 
troduced into  the  British  service  at  the  suggestion  of  Mr.  Lovell. 

The  intention  in  all  rifles  is  to  impart  to  the  ball  a  rotatory  or  spinning  motion 

round  its  axis,  as  it  passes  out  through  the  barrel.     This  object  was  attained,  to  a  certain 

degree,  in  the  rifles  of  the  old  pattern,  by  cutting  seven  spiral  grooves  into  the  inside  of 

the  barrel,  in  the  manner  shown  by  fig.  407,  the  spherical  ball,  fig.  408,  being  a  little 
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larger  than  the  bore,  was  driven  down  with  a  mallet,  by  Avhich  the  projecting  ribs  were 
forced  into  the  surface  of  the  ball,  so  as  to  keep  it  in  contact  with  their  curvatures,  during 
its  expulsion.  Instead  of  this  laborious  and  insecure  process,  the  barrel  being  now  cut 
with  only  two  opposite  grooves,  fig.  409,  and  the  ball  being  formed  with  a  projecting 
belt,  or  zone,  round  its  equator,  of  the  same  form  as  the  two  grooves,  fig.  410,  it  enters 
so  readily  into  these  hollows,  that  little  or  no  force  is  required  to  press  it  down  upon  the 
powder.  So  much  more  hold  of  the  barrel  is  at  the  same  time  obtained,  that  instead  of  one 
quarter  of  a  turn,  which  was  the  utmost  that  could  be  safely  given  in  the  old  way,  with- 
out danger  of  stripping  the  ball,  a  whole  turn  round  the  barrel,  in  its  length,  can  be  given 
to  the  two  grooved  rifles ;  whereby  a  far  more  certain  and  complete  rotatory  motion  is 
imparted  to  the  ball.  The  grand  practical  result  is,  that  better  practice  has  been  per- 
formed by  several  companies  of  the  Rifle  Corps,  at  300  yards,  than  could  be  produced 
with  the  best  old  military  rifles  at  150  yards;  the  soldier  being  meanwhile  enabled  to  load 
with  much  greater  ease  and  despatch.  The  belt  is  bevelled  to  its  middle  line,  and  not  so 
flat  as  shown  in  the  figure. 

This  mode  of  rifling  is  not,  however,  new  in  England.  In  fact,  it  is  one  of  the 
oldest  upon  record ;  and  appears  to  have  fallen  into  disuse  from  faults  in  the  execution. 
The  idea  was  revived  within  the    last  few  years  in  Brunswick,  and  it  was  tried  in 


Hanover  also,  but  with  a  lens-shaped  (Linsenfonnig)  ball.    The  judicious  modifications 
and  improvements  it  has  finally  received  in  Mr.  Lovell's  hands,  have  brought  out  all  its 
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advantages,  and  rendered  it,  when  skilfully  used,  a  weapon  of  unerring  aim,  even  at  the 
prodisious  distance  of  700  yards. 

The  locks,  also,  for  the  military  service  generally,  are  now  receiving  an  ioiportant  im- 
provement by  means  of  his  labors,  having  been  simplified  in  a  remarkable  manner.  The 
action  of  the  main  spring  is  reversed,  as  shown  by  Jig.  411 ;  thus  rendering  the  whole 
mechanism  more  solid,  compact,  and  convenient;  while  the  ignition  of  the  charge  being 
effected  by  percussion  powders  in  a  copper  cap,  the  fire  of  the  British  line  will,  in  future, 
be  more  murderous  than  ever,  as  a  mis-fire  is  hardly  ever  experienced  with  the  fire-arms 
made  at  the  Royal  manufactory,  under  Mr.  Lovell's  skilful  superintendence. 

FIRE-DAMP;  the  explosive  carbureted  hydrogen  of  coal  mines.  See  Pitcoal. 
FIRE-WORKS.  (Feux  d'artijice,  Fr. ;  Feuerwerke,  Germ.)  The  composition  of  lumi- 
nous devices  with  explosive  combustibles,  is  a  modern  art  resulting  from  the  discovery  of 
gunpowder.  The  finest  inventions  of  this  kind  are  due  to  the  celebrated  Ruggieri,  father 
and  son,  who  executed  in  Rome  and  Paris,  and  the  principal  capitals  of  Europe,  the  most 
brilliant  and  beautiful  fireworks  that  were  ever  seen.  The  following  description  of  their 
processes  will  probably  prove  interesting  to  many  of  my  readers. 

The  three  prime  materials  of  this  art  are,  nitre,  sulphur,  and  charcoal,  along  with 
filings  of  iron,  steel,  copper,  zinc,  and  resin,  camphor,  lycopodium,  &c.  Gunpowder  is 
used  either  in  grain,  half  crushed,  or  finely  ground,  for  diflerent  purposes.  The  longer 
the  iron  filings,  the  brighter  red  and  white  sparks  they  give;  those  being  preferred  which 
are  made  with  a  very  coarse  file,  and  quite  free  from  rust.  Steel  filings  and  cast-iron 
borings  contain  carbon,  and  afford  a  more  brilliant  fire,  with  wavy  radiations.  Copper 
filings  give  a  greenish  tint  to  flame  ;  those  of  zinc,  a  fine  blue  color ;  the  sulphurct  of 
antimony  gives  a  less  greenish  blue  than  zinc,  but  with  much  smoke ;  amber  afl'ords  a 
yellow  fire,  as  well  as  colophony,  and  common  salt ;  but  the  last  must  be  very  dry. 
Lampblack  produces  a  very  red  color  with  gunpowder,  and  a  pink  with  nitre  in  excess. 
It  serves  for  making  golden  showers.  The  yellow  sand  or  glistening  mica,  communicates 
to  fire-works  golden  radiations.  Verdigris  imparts  a  pale  green  ;  sulphate  of  copper  and 
sal-ammoniac,  a  palm-tree  green.  Camphor  yields  a  very  white  flame  and  aromatic  fumes, 
which  mask  ihe  bad  smell  of  other  substances.  Benzoin  and  storax  are  used  also  on 
account  of  their  agreeable  odor.  Lycopodium  burns  with  a  rose  color  and  a  magnificent 
flame  ;  but  it  is  principally  employed  in  theatres  to  represent  lightning,  or  to  charge  the 
torch  of  a  fury. 

Fire-works  are  divided  into  three  classes:  1.  those  to  be  set  off  upon  the  ground  ;  2. 
those  which  are  shot  up  into  the  air ;  and  3.  those  which  act  upon  or  under  water. 

Composition  Cor  jels  of  fire  ;  the  common  preparation  for  rockets  not  more  than  |  of  an 
inch  in  diameter,  is;  gunpowder,  16  parts;  charcoal,  3  parts.  For  those  of  lai-ger  diam- 
eter; gunpowder,  16;  steel  filings,  4. 

Brilliant  revolving  wheel ;  for  a  tube  less  than  |  of  an  inch;  gunpowder,  16;  steel 
filings,  3.     When  more  than  | :  gunpowder,  16;  filings,  4. 

Chinese  or  Jasmine  fire ;  when  less  than  f  of  an  inch  :  gunpowder,  16 ;  nitre,  8  ;  char- 
coal (fine),  3  ;  sulphur,  3 ;  pounded  cast-iron  borings  (small),  10.  When  wider  than  | : 
gunpowder,  16;  nitre,  12;  charcoal,  3;  sulphur,  3;   coarse  borings,  12. 

j1  fixed  brilliant ;  less  than  f  in  diameter :  gunpowder,  16  ;  steel  filings,  4 ;  or,  gun- 
powder, 16  ;  and  finely  pounded  borings,  6. 

Fixed  suns  are  composed  of  a  certain  number  of  jets  of  fire  distributed  circularly,  like 
the  spokes  of  a  wheel.  All  the  fusees  take  fire  at  once  through  channels  charged  with 
quick  matches.  Glories  are  large  suns  with  several  rows  of  fusees.  Fans  are  portions 
of  a  sun,  being  sectors  of  a  circle.     The  Palte  d'oie  is  a  fan  with  only  three  jets. 

The  mosaic  represents  a  surface  covered  with  diamond  shaped  compartments,  formed 
by  two  series  of  parallel  lines  crossing  each  other.  This  eflfect  is  produced  by  placing  at 
each  point  of  intersection,  four  jets  of  fire,  which  run  into  the  adjoining  ones.  The  in- 
tervals between  the  jets  must  be  associated  with  the  discharge  of  others,  so  as  to  keep 
up  a  succession  of  fires  in  the  spaces. 

Palm  trees.  Ruggieri  contrived  a  new  kind  of  fire,  adapted  to  represent  all  sorts  of 
trees,  and  especially  the  palm.  The  following  is  the  composition  of  this  magnificent 
green  fire-work  :  crystallized  verdigris,  4  parts  ;  sulphate  of  copper,  2  ;  sal-ammoniac,  1. 
These  ingredients  are  to  be  ground  and  moistened  with  alcohol.  An  artificial  tree  of  any 
kind  being  erected,  coarse  cotton  rovings  about  2  inches  in  diameter,  impregnated  with 
that  composition,  are  to  be  festooned  round  the  trunk,  branches,  and  among  the  leaves ; 
and  immediately  kindled  before  the  spirits  have  had  time  to  evaporate. 

Cascades  imitate  sheets  or  jets  of  water.  The  Chinese  fire  is  best  adapted  to  such 
decorations. 

Fixed  stars.  The  bottom  of  a  rocket  is  to  be  stuffed  with  clay,  and  one  diameter  in 
height  of  the  first  preparation  being  introduced,  the  vacant  space  is  to  be  filled  with  the 
following  composition,  and  the  mouth  tied  up.  The  pasteboard  must  be  pierced  into  the 
preparation,  with  five  holes,  for  the  escape  of  the  luminous  rays,  which  represent  a  star. 
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Composition  affixed  stars  : — 

Nitre   - 
Sulphur 

Gunpowder  meal 
Antimony 

Lances  are  long  rockets  of  small  diameter,  made  with  cartridge  paper.  Those  which 
burn  quickest  should  be  the  longest.  They  are  charged  by  hand  without  any  mould, 
with  rods  of  different  lengths,  and  are  not  strangled  at  the  mouth,  but  merely  stuffed  with 
a  quick  match  of  tow.  These  lances  form  the  figures  of  great  decorations;  they  are 
fixed  with  sprigs  upon  large  wooden  frame  works,  representing  temples,  palaces,  pago- 
das, &c.  The  whole  are  placed  in  communication  by  condtdts,  or  small  paper  cartridges 
like  the  lances,  but  somewhat  conical,  that  they  may  fit  endwise  into  one  another  to  any 
extent  that  may  be  desired.  Each  is  furnished  with  a  match  thread  fully  \\  inches  long, 
at  its  two  ends. 

Composition  for  the  while  lances :  nitre,  16 ;  sulphur,  8 ;  gunpowder,  4  or  3.  For  a 
bluish-white :  nitre,  16 ;  sulphur,  8  ;  antimony,  4.  For  blue  lances :  nitre,  16  ;  antimony, 
8.  For  yellow  :  nitre,  16  ;  gunpowder,  16 ;  sulphur,  8  ;  amber,  8.  For  yellower  ones  : 
nitre,  16;  gunpowder,  16;  sulphur,  4;  colophony,  3  ;  amber,  4.  For  greenish  ones:  nitre, 
16;  sulphur,  6;  antimony,  6  ;  verdigris,  6.  For  pink  lances  :  nitre,  16  ;  gunpowder,  3; 
lampblack,  1.  Others  less  vivid  are  made  with  nitre,  16;  colophony,  3  ;  amber,  3  ;  ly- 
copodium,  3. 

Cordage  is  represented  in  fii"e-works,  by  imbuing  soft  ropes  with  a  mixture  of  nitre,  2 ; 
sulphur,  16;  antimony,  1  ;  resin  of  juniper,  1. 

The  Bengal  flames  rival  the  light  of  day.  They  consist  of,  nitre,  7 ;  sulphur,  2 ; 
antimony,  1.  This  mixture  is  pressed  strongly  into  earthen  porringers,  with  some  bits 
of  quick  match  strewed  over  the  surface.  These  flames  have  a  fine  theatrical  effect  for 
conflagrations. 

Revalving  suns  are  wheels  upon  whose  circumference  rockets  of  different  styles  are 
fixed,  and  which  communicate  by  conduits,  so  that  one  is  lighted  up  in  succession  after 
another.  The  composition  of  their  common  fire  is,  for  sizes  below  |  of  an  inch :  gun- 
powder meal,  16  ;  charcoal,  not  too  fine,  3.  For  larger  sizes  :  gunpowder,  20;  charcoal, 
not  too  fine,  4.  For  fiery  radiations  :  gunpowder,  16  ;  yellow  micaceous  sand,  2  or  3. 
For  mixed  radiations :  gunpowder,  16;  pitcoal,  1;  yellow  sand,  1  or  2. 

The  waving  or  double  Catharine  wheels  are  two  suns  turning  about  the  same  axis  in 
opposite  directions.  The  fusees  are  fixed  obliquely  and  not  tansentially  to  their  peri- 
pheries. The  wheel  spokes  are  charged  with  a  great  number  of  fusees  ;  two  of  the  four 
wings  revolve  in  the  one  direction,  and  the  other  two  in  the  opposite ;  but  always  in  a 
vertical  plane. 

The  girandoles,  caprices,  spirals,  and  some  others,  have,  on  the  contrary,  a  horizontal 
rotation.  The  fire-worker  may  diversify  their  effects  greatly  by  the  arrangement  and 
color  of  the  jets  of  flame.  Let  us  take  for  an  example  the  globe  of  light.  Imagine  a 
large  sphere  turning  freely  upon  its  axis,  along  with  a  hollow  hemisphere,  which  revolves 
also  upon  a  vertical  axis  passing  through  its  under  pole.  If  the  two  pieces  be  covered 
with  colored  lances  or  cordage,  a  fixed  luminous  globe  will  be  formed;  but  if  hori- 
zontal fusees  be  added  upon  the  hemisphere,  and  vertical  fusees  upon  the  sphere,  the 
first  will  have  a  relative  horizontal  movement,  the  second  a  vertical  movement,  which 
being  combined  with  the  first,  will  cause  it  to  describe  a  species  of  curve,  whose  effect 
will  be  an  agreeable  contrast  with  the  regular  movement  of  the  hemisphere.  Upon  the 
surface  of  a  revolving  sun,  smaller  suns  might  be  placed,  to  revolve  like  satellites  round 
their  primaries. 

Rusgieri  exhibited  a  luminous  serpent,  pursuing,  with  a  rapid  winding  pace,  a  butter- 
fly which  flew  continually  before  it.  This  extraordinary  effect  was  produced  in  the 
following  way.  Upon  the  summits  of  an  octagon  he  fixed  eight  equal  wheels  turning 
freely  upon  their  axles,  in  the  vertical  plane  of  the  octagon.  An  endless  chain  passed 
round  their  circumference,  going  from  the  interior  to  the  exterior,  covering  the  outside 
semi-circumference  of  the  first,  the  inside  of  the  second,  and  so  in  succession ;  whence 
arose  the  appearance  of  a  great  festooned  circular  line.  The  chain,  like  that  of  a  watch, 
carried  upon  a  portion  of  its  length  a  sort  of  scales  pierced  with  holes  for  receiving 
colored  lances,  in  order  to  represent  a  fiery  serpent.  At  a  little  distance  there  was  a 
butterfly  constructed  with  white  lances.  The  piece  was  kindled  commonly  by  other  fire- 
works, which  seemed  to  end  their  play,  by  projecting  the  serpent  from  the  bosom  of  the 
flames.  The  motion  was  communicated  to  the  chain  by  one  of  the  wheels,  which 
received  it  like  a  clock  from  the  action  of  a  weight.  This  remarkably  curious  mechanism 
was  called  by  the  artists  a  salamander. 
The  rockets  which  rise  into  the  air  with  a  prodigious  velocity  are  among  the  mo<. 
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common,  but  not  least  Interesting  fire-works.  When  employed  profusely,  they  form  those 
rich  volleys  of  fire  which  are  the  crowning  ornaments  of  a  public  fete.  The  cartridge 
is  similar  to  that  of  the  other  jets,  except  in  regard  to  its  length,  and  the  necessity  of 
pasting  it  strongly,  and  planing  it  well ;  but  it  is  charged  in  a  different  manner.  As 
the  sky-rockets  must  fly  off  with  rapidity,  their  composition  should  be  such  as  to  kindle 
instantly  throughout  their  length,  and  extricate  a  vast  volume  of  elastic  fluids.  To  efl'ect 
this  purpose,  a  small  cylindric  space  is  left  vacant  round  the  axis;  that  is,  the  central 
line  is  tubular.  The  fire-workers  call  this  space  the  soul  of  the  rocket  (ame  de  la  fusee). 
On  account  of  its  somewhat  conical  form,  hollow  rods,  adjustable  to  different  sizes  of 
broaches  or  skewers,  are  required  in  packing  the  charge  ;  which  must  be  done  while  the 
cartridge  is  sustained  by  its  outside  mould,  or  copper  cylinder.  The  composition  of  sky- 
rockets is  as  follows  : — 


When  the  bore  is 

1  of  an  inch  ; 

J  to  174  ; 

J§; 

Nitre     -            -            - 

16 

16 

16 

Charcoal 

7 

8 

9 

Sulphur 

4 

4 

4 

Brilliant  Fire. 

Nitre     - 

16 

16 

16 

Charcoal 

6 

7 

8 

Sulphur 

4 

4 

4 

Fine  steel  filings 

3 

4 

5 

Chinese  Fire. 

Nitre     - 

16 

16 

16 

Charcoal 

4 

5 

6 

Sulphur 

3 

3 

4 

Fine  borings  of  cast-iron 

3  coarser 

4  mixed 

5 

The  cartridge  being  charged  as  above  described,  the  pot  must  be  adjusted  to  it,  with 
the  garniture ;  that  is,  the  serpents,  the  crackers,  the  stars,  the  showers  of  fire,  &c.  The 
pot  is  a  tube  of  pasteboard  wider  than  the  body  of  the  rocket,  and  about  one  third  of  its 
length.  After  being  strangled  at  the  bottom  like  the  mouth  of  a  vial,  it  is  attached  to 
the  end  of  the  fusee  by  means  of  twine  and  paste.  These  are  afterwards  covered  with 
paper.  The  garniture  is  introduced  by  the  neck,  and  a  paper  plug  is  laid  over  it.  The 
whole  is  enclosed  within  a  lube  of  pasteboard  terminating  in  a  cone,  which  is  firmly 
pasted  to  the  pot.  The  quick-match  is  now  finally  inserted  into  the  soul  of  the  rocket. 
The  rod  attached  to  the  end  of  the  sky-rockets  to  direct  their  flight  is  made  of  willow  or 
any  other  light  wood.  M.  Ruggieri  replaced  the  rod  by  conical  wings  containing  explo- 
sive materials,  and  thereby  made  them  fly  further  and  straighter. 
The  garnitures  of  the  sky-rocket  pots  are  the  following : — 

1.  Stars  are  small,  round,  or  cubic  solids,  made  with  one  of  the  following  compositions, 
and  soaked  in  spirits,  ^^lliie  stars,  nitre,  16  ;  sulphur,  8  ;  gunpowder,  3.  Others  more 
vivid  consist  of  niire,  16  ;  sulphur,  7  ;  gunpowder,  4. 

Stars  for  golden  showers,  nitre,  16;  sulphur,  10;  charcoal,  4;  gunpowder,  16;  lamp- 
black, 2.  Others  yellower  are  made  with  nitre,  16;  sulphur,  8;  charcoal,  2;  lampblack, 
2;  gunpowder,  8. 

The  serpents  are  small  fusees  made  with  one  or  two  playing  cards ;  their  bore  being 
less  than  half  an  inch.  The  lardons  are  a  little  larger,  and  have  three  cards;  the  ve- 
tilles  are  smaller.  Their  composition  is,  nitre,  16  ;  charcoal,  not  too  fine,  2;  gunpowder, 
4  ;  sulphur,  4  ;  fine  steel  filings,  6. 

The  petards  are  cartridges  filled  with  gunpowder  and  strangled. 

The  saxons  are  cartridges  clayed  at  each  end,  charged  with  the  brilliant  turning  fire, 
and  perforated  with  one  or  two  holes  at  the  extremity  of  the  same  diameter. 

The  cracker  is  a  round  or  square  box  of  pasteboard,  filled  with  granulated  gunpowder, 
and  hooped  all  round  with  twine. 

Roman  candles  are  fusees  which  throw  out  very  bright  stars  in  succession.  With  the 
composition  (as  under)  imbued  with  spirits  and  gum-water,  small  cylindric  masses  are 
made,  pierced  with  a  hole  in  their  centre.  These  bodies,  when  kindled  and  projected 
into  the  air,  form  the  stars.  There  is  first  put  into  the  cartridge  a  charge  of  fine  gun- 
powder of  the  size  of  the  star ;  above  this  charge  a  star  is  placed ;  then  a  charge  of 
composition  for  the  Roman  candles. 

The  stars,  when  less  than  |  of  an  inch,  consist  of  nitre,  16;  sulphur,  7;  gunpowder,  5. 
When  larger,  of  nitre,  16  ;  sulphur,  8  ;  gunpowder,  8. 

Roman  candles,  nitre,  16  ;  charcoal,  6  ;  sulphur,  3.     When  above  f  of  an  inch,  nitre, 
16;  charcoal,  8;  sulphur,  6. 
The  girandes,  or  bouquets,  are  those  beautiful  pieces  which  usually  conclude  a  fire- 
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work  exhibition  ;  when  a  multitude  of  jets  seem  to  emblazon  the  sky  in  every  direction, 
and  then  fall  in  golden  showers.  This  effect  is  produced  by  distributing  a  number  of 
cases  open  at  top,  each  containing  140  sky-rockets,  communicating  with  one  another 
by  quick-match  strings  planted  among  them.  The  several  cases  communicate  with  each 
other  by  conduits,  whereby  they  take  fire  simultaneously,  and  produce  a  volcanic  display. 

The  water  fire-works  are  prepared  like  the  rest ;  but  they  must  be  floated  either  by 
wooden  bowls,  or  by  discs  and  hollow  cartridges  fitted  to  them. 

Blue  fire  for  lances  may  be  made  with  nitre,  16  ;  antimony,  8  ;  very  fine  zinc  filings,  4. 
Chinese  paste  for  the  stars  of  Roman  candles,  bombs,  &c. : — Sulphur,  16 ;  nitre,  4 ; 
gunpowder  meal,  12 ;  camphor,  1 ;  linseed  oil,  1 ;  the  mixture  being  moistened  with 
spirits. 

The  feu  gregois  of  Ruggieri,  the  son  ; — Nitre,  4;  sulphur,  2;  naptha,  1.  See  Pyeo- 
TECHNY  and  Rockets. 

The  red  fire  composition  is  made  by  mixing  40  parts  of  nitrate  of  strontia,  13  of  flowers 
of  sulphur,  5  of  chlorate  of  potash,  and  4  of  sulphuret  of  antimony. 

While  fire  is  produced  by  igniting  a  mixture  of  48  parts  nitre;  13 j  sulphur;  7^  sul- 
phuret of  antimony;  or,  24  nitre,  7  sulphur,  2  realgar;  or,  75  nitre,  24  sulphur,  1  char- 
coal ;  or,  finally,  100  of  gunpowder  meal,  and  25  of  cast-iron  fine  borings. 

The  blue  fire  composition  is  4  parts  of  gunpowder  meal;  2  of  nitre;  sulphur  and 
zinc,  each  3  parts. 

FISH-HOOKS  (Hamecons,  Fr. ;  Fishangeln,  Germ.)  are  constructed  with  simple 
tools,  but  require  great  manual  dexterity  in  the  workmen.  The  iron  wire  of  which  they 
are  made  should  be  of  the  best  quality,  smooth,  and  sound.  A  bundle  of  such  wire 
is  cut  in  lengths,  either  by  shears  or  by  laying  it  down  upon  an  angular  wedge  of  hard 
steel  fixed  horizontally  in  a  block  or  anvil,  and  striking  off  the  proper  lengths  by  the 
blows  of  a  hammer.  In  fashioning  the  barbs  of  the  hooks  the  straight  piece  of  wire  is 
laid  down  in  the  groove  of  an  iron  block  made  on  purpose,  and  is  dexterously  struck  by 
the  chisel  in  a  slanting  direction,  across  so  much  of  the  wire  as  may  be  deemed  neces- 
sary. A  sharp-pointed  little  wedge  is  thus  formed,  whose  base  graduates  into  the  sub- 
stance of  the  metal. 

The  end  of  the  wire  where  the  line  is  to  be  attached  is  now  flattened  or  screw-tapped ; 
the  other  end  is  sharp  pointed,  and  the  proper  twisted  curvature  is  given.  The  soft  iron 
hooks  are  next  case-hardened,  to  give  them  the  steely  stiffness  and  elasticity,  by  imbed- 
ding them  in  animal  charcoal  contained  in  an  earthen  or  iron  box ;  see  Case-Hard - 
ENiNG  ;  after  which  they  are  biightened  by  heating  and  agitating  them  with  bran,  and 
finally  tempered  by  exposure  to  a  regulated  temperature  upon  a  hot  iron  plate.  Hooks 
for  salt-water  fishing  are  frequently  tinned,  to  prevent  them  wearing  rapidly  away  in 
rust.     See  Tin  Pi,ate. 

FLAKE  WHITE  is  the  name  sometimes  given  to  pure  white-lead. 

FLAME  {Flamme,  Fr.  and  Germ.)  is  the  combustion  of  an  explosive  mixture  of  an 
inflammable  gas  or  vapor  with  air.  That  it  is  not,  as  many  suppose,  combustion  merely 
at  the  exterior  surface,  is  proved  by  plunging  a  fragment  of  burning  phosphorus  or  sul- 
phur into  the  centre  of  a  large  flame  of  alcohol.  Either  of  these  bodies  will  continue  to 
burn  there  with  its  peculiar  light ;  thus  proving  that  oxygen  is  mixed  with  the  whole  of 
the  burning  vapor.  If  we  mix  good  coal  gas  with  as  much  atmospheric  air  as  can  con- 
vert all  its  carbon  into  carbonic  acid,  the  mixture  will  explode  with  a  feeble  blue  light; 
but  if  we  mix  the  same  gas  with  a  small  quantity  of  air,  it  will  burn  with  a  rich  white 
flame.  In  the  latter  case  the  carbonaceous  particles  are  precipitated,  as  Sir  H.  Davy 
first  showed,  in  the  interior  of  the  flame,  become  incandescent,  and  constitute  white 
light :  for  from  the  ignition  of  solid  matter  alone  can  the  prismatic  rays  be  emitted  in 
that  concentrated  union.  Towards  the  interior  of  the  flame  of  a  candle,  a  lamp,  or  a  gas 
jet,  where  the  air  is  scanty,  there  is  a  deposition  of  solid  charcoal,  which  first  by  its  igni- 
tion, and  afterwards  by  its  combustion,  increases  in  a  high  degree  the  intensity  of  the 
light.  If  we  hold  a  piece  of  fine  wire  gauze  over  a  jet  of  coal  gas  close  to  the  orifice, 
and  if  we  then  kindle  the  gas,  it  will  burn  above  the  wire  with  its  natural  brilliancy ; 
but  if  we  elevate  the  gauze  progressively  higher,  so  as  to  mix  more  and  more  air  with  it 
before  it  reaches  the  burning  point,  its  flame  will  become  fainter  and  less  white.  At  a 
certain  distance  it  becomes  blue,  like  that  of  the  above  explosive  mixture.  Since  the 
combustion  of  all  the  constituents  is  in  this  case  direct  and  complete,  the  heat  becomes 
greatest  in  proportion  nearly  as  the  light  is  diminished.  If  a  few  platina  wires  be  held 
in  that  dim  flame  they  will  grow  instantly  white  hot,  and  illuminate  the  apartment.  On 
reversing  the  order  of  this  experiment,  by  lowering  progressively  a  flat  piece  of  wire 
gauze  from  the  summit  towards  the  base  of  a  gas  flame,  we  shall  find  no  charcoal  depos- 
ited at  its  top,  because  plenty  of  air  has  been  introduced  there  to  convert  all  the  carbon 
of  the  gas  into  carbonic  acid,  and  therefore  the  apex  is  blue;  but  as  we  descend,  more 
and  more  charcoal  will  appear  upon  the  meshes.     At  the  very  bottom,  indeed,  where  the 
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atmospheric  air  impinges  upon  the  gauze,  the  flame  is  again  blue,  and  no  charcoal  caa 
therefore  be  deposited. 

The  fact  of  the  increase  of  the  brilliancy  and  whiteness  of  flame  by  the  development 
and  ignition  of  solid  matter  in  its  bosom  illustrates  many  curious  phenomena.  We  can 
thus  explain  why  defiant  gas  afl'ords  the  most  vivid  illumination  of  all  the  gases  ;  because, 
being  surcharged  with  charcoal,  its  hydrogen  lets  it  go  in  the  middle  of  the  flame,  as  it 
does  in  an  ignited  porcelain  tube,  whereby  its  solid  particles  first  get  ignited  to  white- 
ness, and  then  burn  away.  AVhen  phosphorus  is  inflamed  it  always  yields  a  pure  white 
light,  from  the  ignition  of  the  solid  particles  of  the  snowy  acid  thus  produced. 

In  the  blowpipe  the  inner  blue  flame  has  the  greatest  heat,  because  there  the  combus- 
tion (if  the  whole  fatty  vapor  is  complete.  The  feeble  light  of  burning  hydrogen,  car- 
bonic oxyde,  and  sulphur,  may,  upon  the  principles  now  expounded,  be  increased  by 
simply  placing  in  them  a  few  particles  of  oxyde  of  zinc,  slender  filamants  of  amianthus,  or 
fine  platina  wire.  Upwards  of  twenty  years  ago  I  demonstrated,  in  my  public  lectures 
in  Glasgow,  that  by  narrowing  the  top  of  a  long  glass  chimney  over  an  argand  flame 
either  from  oil  or  coal  gas,  the  light  could  be  doubled  at  the  same  cost  of  material.  The 
very  tall  chimneys  used  by  the  Parisian  lampists  are  very  wasteful.  I  find  that  with  a 
narrow  chimney  of  half  the  length  of  theirs,  I  can  have  as  good  a  light,  and  save  30  per 
cent,  of  the  oil.  Thus  the  light  of  a  flame  may  be  increased  by  diminishing  its  heat,  or 
the  intensity  of  its  combustion ;  and  conversely  the  heat  of  a  flame  may  be  increased  by 
diminishing  its  light. 

FLANNEL ;  a  plain  woollen  stuff,  of  a  rather  open  and  slight  fabric. 

FLAX.  By  this  term  we  understand  the  bast  or  inner  bark  of  the  Linum  usitatis- 
simum,  which  is  spun  into  yarn  for  weaving  linen  webs.  This  plant  blossoms  in  June  or 
July,  and  commonly  ripens  its  seed  in  September.  As  varieties,  we  distinguish  the  spriiig 
flax,  with  short  knotty  stems,  whose  seed  capsules,  at  the  period  of  maturity,  spring  open 
with  a  perceptible  sound  ;  and  the  dose  flax,  with  longer  smoother  stems,  whose  capsules 
give  out  their  seeds  only  when  thrashed.  The  Germans,  who  have  bestowed  much  atten- 
tion upon  the  culture  of  flax,  call  the  former  Klanglein  or  Springlcin,  and  the  latter 
Dreschkiii.  This  is  the  kind  most  commonly  grown,  but  from  the  difference  of  climate, 
soil,  and  culture,  it  allbrds  flax  of  very  difterent  qualities.  The  best  ground  for  this 
plant  is  an  open,  somewhat  friable  clay,  mingled  with  sand  and  mould.  The  early  flax 
is  usually  sown  in  the  end  of  April  or  beginning  of  May,  the  late,  in  June.  The  seeds 
ought  to  be  sown  thick,  whereby  the  stalks  are  forced  to  grow  more  slender,  and  the 
fibres  of  the  bast  or  harl  are  not  only  smoother  and  finer,  but  more  uniform  in  length. 
If  the  raising  of  seed  be  the  principal  object,  the  flax  must  be  more  thinly  sown,  whereby 
it  will  produce  stronger  stalks,  but  more  knotty,  with  shorter  fibres,  and  more  productive 
of  tow. 

Whenever  the  flax  is  ripe,  which  is  shown  by  the  bottom  of  the  stalk  becoming  yellow 
and  the  leaves  beginning  to  drop  ofl',  it  must  be  immediately  reaped  by  pulling  it  up  by 
the  roots.  The  seeds  are  still  immature,  fit  merely  for  the  oil  press,  and  not  for  sowing 
When  the  seed  crop  is  the  object,  ihe  plant  must  be  suffered  to  acquire  its  full  maturity ; 
in  which  case  Ihe  fibres  are  less  fine  and  soft. 

The  flax  is  carried  off  the  field  in  bundles  to  be  rippled,  or  stripped  of  its  seeds,  which 
is  done  by  drawing  it  by  handfuls  through  an  iron  comb  with  teeth  eight  inches  long, 
fixed  upright  in  a  horizontal  beam.  When  the  seeds  are  more  fully  ripened,  they  may  be 
separated  by  the  thrashing  mill. 

-  The  operations  next  performed  upon  the  flax  will  be  understood  by  attending  to  the  struc- 
ture of  the  stem.  In  it  two  principal  parts  are  to  be  distinguished ;  the  woody  heart  or 
boon,  and  the  had  (covered  outwardly  with  a  fine  cuticle),  which  encloses  the  former 
like  a  tube,  consisting  of  parallel  lines.  In  the  natural  state,  the  fibres  of  the  harl  are 
attached  firmly,  not  only  to  the  boon,  but  to  each  other,  by  means  of  a  green  or  yellowish 
substance.  The  rough  stems  of  the  flax,  after  being  stripped  of  their  seeds,  lose  in  mois- 
ture, by  drying  in  warm  air,  from  55  to  65  per  cent,  of  their  weight ;  but  somewhat  less 
when  they  are  quite  ripe  and  woody.  In  this  dry  state  they  consist  in  100  parts  of  from 
20  to  23  per  cent,  of  harl,  and  from  80  to  77  per  cent,  of  boon.  The  latter  is  composed 
upon  the  average  of  69  per  cent,  of  a  peculiar  woody  substance,  12  per  cent,  of  a  matter 
soluble  in  water,  and  19  per  cent,  of  a  body  not  soluble  in  water,  but  in  alkaline  leys. 
The  harl  contains  at  a  mean  58  per  cent,  of  pure  flaxen  fibres,  25  parts  soluble  in  water 
(apparently  extractive  and  albumen),  and  17  parts  insoluble  in  water,  being  chiefly 
gluten.  By  treating  the  harl  with  either  cold  or  hot  water,  the  latter  substance  is  dyed 
brown  by  the  soluble  matter,  while  the  fibres  retain  their  coherence  to  one  another. 
Alkaline  leys,  and  also,  though  less  readily,  soap  water,  dissolve  the  gluten,  which  seems 
to  be  the  cement  of  the  textile  fibres,  and  thus  set  them  free. 

The  cohesion  of  the  fibres  in  the  rough  harl  is  so  considerable  that  by  mechanical 
means,  as  by  beating,  rubbing,  &c.,  a  complete  separation  of  them  cannot  be  effected, 
unless  with  great  loss  of  time   and  rupture  of  the   filaments.      This   circumstanca 
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shows  the  necessity  of  having  recourse  to  some  chemical  method  of  decomposing  the 
gluten.  The  process  employed  with  this  view  is  a  species  of  fermentation,  to  which  the 
flax  sialks  are  exposed;  it  is  called  retting,  a  corruption  of  rotting,  since  a  certain  degree 
of  putrefaction  talies  place.  The  German  term  is  rusting.  This  is  the  first  important 
step  in  the  preparation  of  flax.  After  the  retting  is  completed,  the  boon  of  the  stalks 
must  be  removed  by  the  second  operation  called  b)-eaking,  and  other  subordinate  process- 
es. The  harl  freed  from  the  woody  parts  contains  still  a  multitude  of  fibres,  more  or  less 
coherent,  or  entangled,  and  of  variable  lengths,  so  as  to  be  ill  adapted  for  spinning.  These 
are  removed  by  the  heckle,  which  separates  the  connected  fibres  into  their  finest  filaments, 
removes  those  that  are  too  short,  and  disentangles  the  longer  ones. 

I.  Of  re/ting. — The  fermentation  of  this  process  may  be  either  rendered  rapid  by  steep- 
ing the  flax  in  water,  or  slow  by  using  merely  the  ordinary  influence  of  the  atmospheric 
damp,  dews,  and  rain.  Hence  the  distinction  of  water-retting  and  dew-retting.  Both 
may  also  be  combined. 

Prior  to  being  retted,  the  flax  should  be  sorted  according  to  the  length  and  thickness  of 
its  stalks,  and  its  state  of  maturity :  the  riper  the  plant,  the  longer  must  the  retting  last. 
The  due  length  of  the  process  is  a  point  too  little  studied. 

Wa/er-relting. — When  flax  stalks  are  macerated  in  water,  at  a  temperature  not  too 
low,  fermentation  soon  begins,  evinced  in  the  dingy  infusion,  by  disengagement  of 
carbonic  acid  gas,  and  the  production  of  vinegar.  If  the  flax  be  taken  out  at  the  end  of 
a  few  days,  dried,  and  rubbed,  the  textile  filaments  are  found  to  be  easily  separable  from 
each  other.  By  longer  continuance  of  the  steep,  the  water  ceases  to  be  acid,  it  becomes 
to  a  certain  degree  alkaline,  from  the  production  of  ammonia,  diff'uses  a  fetid  odor,  from 
the  disengagement  of  sulphureted  hydrogen  gas,  along  with  the  carbonic  acid ;  the  acetous 
fermentation  being  in  fact  now  changed  into  the  putrid.  The  filaments  become  yellowish 
brown,  afterwards  dark  brown,  and  lose  much  of  their  tenacity,  if  the  process  be  carried 
further. 

When  the  operation  is  conducted  with  discernment,  the  water-retting  may  be  completed 
by  the  acetous  fermentation  alone,  as  the  putrefaction  sliould  never  be  sulfered  to  proceed 
to  any  length ;  because  when  over-retted,  flax  is  partially  rotten,  gets  a  bad  color,  and 
yields  a  large  proportion  of  tow. 

For  water-retting,  the  flax  must  be  bound  up  in  sheaves,  placed  in  layers  over  each 
other  in  the  water,  or  sometimes  upright,  with  the  roots  undermost.  Straw  may  be  put 
below  to  keep  it  from  touching  the  ground,  and  boards  may  be  laid  upon  the  top,  with 
weigiits  to  hold  it  immersed  about  a  foot  beneath  the  surface,  especially  when  the  fer- 
mentative gases  make  it  buoyant.  As  soon  as  it  sinks  at  the  end  of  the  fermentation,  it 
must  be  inspected  at  least  twice  a  day,  and  samples  must  be  taken  out  to  see  that  no 
over-retting  ensues.  A  single  day  too  long  often  injures  the  flax  not  a  little.  We  may 
judge  that  the  retting  is  sufficient  when  the  harl  separates  easily  from  the  boon  by  the 
fingers,  when  the  boon  breaks  across  without  bending,  and  when  several  stalks  knotted 
together  sink  to  the  bottom  upon  being  thrown  into  the  water.  For  this  completion,  a 
shorter  or  longer  time  is  required  according  to  the  quality  of  the  flax,  the  temperature, 
&c.,  so  that  the  term  may  vary  from  five  to  fourteen  days.  It  may  be  done  either  in  run- 
ning or  in  stagnant  water.  For  the  latter  purpose,  tanks  five  feet  deep  are  dug  in  the 
ground.  In  stagnant  water,  the  process  is  sooner  finished,  but  it  is  more  hazardous,  and 
gives  a  deeper  stain  to  the  fibres,  than  in  a  stream,  which  carries  off  much  of  the  color. 
The  best  place  for  steeping  flax  is  a  pond  with  springs  of  water  at  its  bottom ;  or  a  tank 
into  which  a  rivulet  of  water  can  be  occasionally  admitted,  while  the  foul  water  is  let  oflT. 
For  every  fresh  quantity  of  flax,  the  pond  should  be  emptied,  and  supplied  wiih  clear 
water.  Water  impregnated  with  iron,  stains  flax  a  permanent  color,  and  should  therefore 
never  be  used .  After  retting,  the  flax  should  be  taken  out  without  delay,  rinsed  in  clean 
water,  and  exposed  in  an  airy  situation  to  dry  by  the  sun. 

Rough  rippled  flax  stalks,  well  seasoned  before  being  retted,  and  dried  afterwards,  show 
a  loss  of  weight,  amounting  to  20  or  30  per  cent.,  affecting  both  the  boon  and  the  harl. 
This  loss  is  greater  the  finer  the  stems,  and  the  longer  the  retting.  The  harl  contains, 
beside  the  textile  filaments,  a  certain  portion  of  a  glutinous  cement;  but  nothing  soluble 
in  water.  The  destruction  of  the  gluten  cannot  be  pushed  to  the  last  point  by  steeping, 
without  doing  an  essential  injury  to  the  filaments. 

Dew-retting. — The  fetid  and  noxious  exhalations  which  the  water-retting  diff'uses 
over  an  extensive  district  of  country,  and  the  danger  of  over-retting  in  that  way, 
especially  with  stagnant  water,  are  far  from  recommending  that  process  to  general 
adoption.  Dew-retting  accomplishes  the  same  purpose,  by  the  agency  of  the  air,  dews, 
and  rain,  in  a  much  more  convenient,  though  far  slower  manner.  The  flax,  with  this 
view,  should  be  spread  out  thin  upon  meadow  or  grass  lands,  but  never  upon  the  bare 
ground,  and  turned  over,  from  time  to  time,  till  the  stems,  on  being  rubbed  betweea 
the  fingers,  show  that  the  harl  and  the  boon  are  ready  to  part.  The  duration  of  dew- 
retling  is,  of  course,  very  various,  from  2  to  6,  or  8  weeks,  as  it  depends  upon  the  state 
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of  the  weather ;  a  moist  air  being  favorable,  and  dry  sunshine  the  reverse.  The  loss  of 
•weight  by  dew-retting  is  somewhat  less  than  by  water-retting  ;  and  the  textile  fibres  are 
of  a  brighter  color,  softer  and  more  delicate  to  the  touch. 

Mixed  retting. — This  may  be  fairly  regarded  as  the  preferable  plan,  the  retting  being 
begun  in  the  water,  and  finished  in  the  air.  The  flax  should  be  taken  out  of  the  steep 
whenever  the  acetous  fermentation  is  complete,  before  the  putrid  begins,  and  exposed, 
for  2  or  3  weeks,  on  the  grass. 

II.  The  breaking  is  performed  by  an  instrument  called  a  brake.  In  order  to  give  the 
wood  or  boon  such  a  degree  of  brittleness  as  to  make  it  part  readily  from  the  harl,  where- 
by the  execution  of  this  process  is  rendered  easy,  the  flax  should  be  well  dried  in  the  sun, 
or  what  is  more  suitable  to  the  late  period  of  the  year,  in  a  stove.  Such  is  often  attached 
to  the  bakers'  ovens  in  Germany,  and  other  flax-growing  countries.  The  drying  temper- 
ature should  never  exceed  120°  F.,  for  a  higher  heat  makes  it  brittle,  easy  to  tear,  and 
apt  to  run  into  tow.  Before  subjecting  the  flax  to  the  brake,  the  stems  should  be  equal- 
ized and  laid  parallel  by  the  hand,  and  the  entangled  portions  should  be  straightened  with 
a  coarse  heckle.  The  brake  has  one  general  construction,  and  consists  of  two  principal 
parts,  the  frame  or  case,  and  the  sword  or  beater.  In  the  simplest  brakes,  the  frame  e. 
Jig.  412,  is  a  piece  of  wood  cleft  lengthwise  in  the  middle,  supported  by  the  legs  a  and  c. 
The  sword  /,  also  of  hard  wood,  is  formed  with  an  edge  beneath,  and  turns  round  the 
centre  of  motion  at  q,  when  seized  by  the  handle  h,  and  moved  up  and  down.  As  it  de- 
scends, the  sword  enters  the  cleft  of  the  frame,  and  breaks  the  flax  stalks  laid  transversely 
upon  it,  scattering  the  boon  in  fragments. 
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But  those  hand  brakes  are  more  convenient  which  are  provided  with  a  double  cleft, 
or  triple  row  of  oblong  teeth,  with  a  double  sword.  This  construction  will  be  under- 
stood by  inspecting  figs.  412,  413,  414.  Fig.  412  is  the  section  of  that  side  at  which 
the  operative  sils ;  fig.  413  is  a  section  in  the  line  A,  b,  oi  fig.  412;  and  fig.  414  the 
ground  plan.  The  whole  machine  is  made  of  hard  wood,  commonly  red  beech.  Two  planks 
a  and  c,  form  the  legs  of  the  implement,  a  is  mortised  in  a  heavy  block,  to  give  the 
brake  a  solid  bearing ;  two  stretchers  d,  bind  a  and  c,  firmly  together.  The  frame 
e  consists  of  three  thin  boards,  which  are  placed  edgewise,  and  have  their  ends  secured  in 
a  and  c.  The  sword  /  is  a  piece  of  wood,  so  chamfered  from  i  to  fc,  that  it  appears 
forklike,  and  embraces  the  middle  piece  of  the  frame  ;  its  centre  of  motion  is  the  wooden 
pin  q ;  in  front  is  the  handle  h,  which  the  operative  seizes  with  the  right  hand.  Both 
the  lathes  of  the  frame  and  those  of  the  sword  are  sharpened,  from  I  to  the  front  end,  as 
is  best  shown  in^g.  413  ;  but  the  edges  must  not  be  too  sharp,  for  fear  of  injuring  the 
flax ;  and,  for  the  same  reason,  the  sword  should  not  sink  too  far  between  the  lathes  of 
the  frame.  Such  hand-brakes  are  laborious  in  use,  and  often  tear  the  harl  into  tow.  The 
operative,  usually  a  female,  in  working  the  brake,  seizes  with  her  left  hand  a  bundle  of 
flax,  lays  it  transversely  across  the  frame,  and  strikes  it  smartly  with  repeated  blows  of 
the  sword,  pushing  forwards  continually  new  portions  of  the  flax  into  the  machine.  She  be- 
gins with  the  roots,  turns  next  round  the  tips,  then  goes  on  through  the  length  of  the  stalks. 
Flax  is  frequently  exposed  twice  to  the  brake,  with  a  stove  drying  between  the  two  ap- 
plications. 

The  brake  machines  aflford  a  far  preferable  means  of  cleaning  flax  than  the  above 
hand  tools.  The  essential  part  of  such  a  machine,  consists  in  several  deeply  fluted  roll- 
ers of  wood  or  iron,  whose  teeth  work  into  each  other,  and  while  they  stretch  out  the 
flaxen  stalks  betwLxt  them,  they  break  the  wood  or  boon,  without  doing  that  violence 
to  the  harl  which  hand  mechanisms  are  apt  to  do.     The  following  may  be  regarded  as 


FLAX. 


491 


one  of  the  best  constructions  hitherto  contrived  for  breaking  flax.      Fig.  4 15  is  a  view 
of  the  right  side  of  this  machine.      Fig.  416  the  view  from  behind,  where  the  broken 
416  415 


flax  issues  from  between  the  rollers.  The  frame  is  formed  by  the  two  side  pillars  or 
walls  a,  a,  which  are  mortised  into  the  bottom  b,  b ;  and  are  firmly  fixed  to  it  by 
braces.  Two  transverse  rods  d,  d,  secure  the  base,  two  others  d'  d",  the  sides.  In 
each  of  these   a  lateral   arm  e,  is  mortised   in   an   oblique   direction  ;  a   cross  bar  /, 

unites  both  arms.  Fig.  417  shows  the 
inside  of  the  left  side  of  the  frame, 
■with  the  subsidiary  parts.  The  three 
rollers  g,  i,  k,  may  be  made  of  red 
beech,  with  iron  gudgeons,  and  fluted 
in  their  length,  each  of  the  flutes  being 
j5_thsof  an  inch  broad,  and  y^pths  deep. 
The  large  roller  g,  bears  upon  the 
right  side,  a  handle  h,  which  on  being 
turned,  sets  the  whole  train  in  motion. 
The  side  partitions  a,  a,  are  furnished 
with  brasses  in  whose  round  holes  I,  g, 
fig.  All,  the  gudgeons  g  work.  For 
the  extremities  of  the  two  smaller 
rollers,  there  are  at  n  and  e,  slots  in 
brasses,  as  may  be  seen  in  fig.  415. 
Within  the  partition  a,  there  are  move- 
able brasses  /,  for  the  pivots  of  i  and 
fc,  shown  in  fig.  417.  Each  brass  slides 
in  a  groove,  between  two  ledges.  A 
strong  cord  made  fast  at  m  to  the  par- 
tition a,  runs  over  the  brass  of  i,  next 
over  that  of  fc,  then  descends  perpen- 
dicularly, and  passes  over  the  cross  bar 
71,  figs.  415  and  416.  This  construction 
being  repeated  at  both  ends  of  the 
rollers,  the  rod  n,  binds  both  cords. 
Against  the  cross  bar  d'  of  the  frame,  a  lever  o  is  sustained,  Avhich  lies  upon  the  rod 
M,  and  carries  a  weight  p.  The  farther  or  nearer  this  weight  hangs  towards  the  end  of 
the  lever,  it  stretches  the  cord  more  or  less,  and  presses  by  means  of  the  brasses  I,  the 
rollers  i,  k,  towards  the  main  roller  g.  A  table  q,  serves  for  spreading  out  the  flax  to 
be  broken,  and  a  second  one  r,  for  the  reception  of  the  stalks  at  their  issuing  from 
between  the  rollers.  Both  tables  hang  by  means  of  iron  hooks  to  rings  of  the  frame  s,^ 
t.  figs.  415  and  417,  and  are  supported  by  the  moveable  legs  u,  u,  u,  figs.  415  and  416.* 
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In  using  the  machine  the  operative  lays  an  evenly  spread  handful  of  flax  upon  the  table, 
q,  introduces  their  root  ends  with  his  left  hand  between  the  rollers  g  and  i,  and  turns 
round  the  handle  /(,  with  the  right.  The  stems  are  first  broken  betwixt  g  and  i,  then 
between  g  and  k,  and  come  out  upon  the  table  r.  The  handle  is  moved  alternately 
forwards  and  backwards,  in  order  that  the  flax  may  be  rolled  alternately  in  the  same 
directions,  and  be  more  perfectly  broken.  The  boon  falls  down  in  very  small  pieces,  and 
the  harl  remains  expanded  in  parallel  bands.  This  should  be  drawn  over  the  points  of 
a  heckle,  then  laid  for  a  couple  of  days  in  a  cellar  to  absorb  some  moisture,  and  after- 
wards worked  once  more  through  the  machine,  whereby  the  flax  acquires  a  peculiar 
softness. 

The  advantages  of  this  brake  machine  are  chiefly  the  following  : — 
It  takes  up  little  room,  and  from  its  simplicity  is  easily  and  cheaply  constructed ;  it  re- 
quires no  more  power  to  work,  than  the  ordinary  hand-brake ;  it  tears  none  of  the  fila- 
ments, and  grinds  nothing  except  the  boon,  in  consequence  of  the  flutings  of  the  rollers 
going  much  les^  deep  into  each  other,  than  the  sword  of  the  handbrake  ;  it  prevents  all 
entanglements  of  the  flax,  whence  in  the  subsequent  heckling  the  quantity  of  shoi  t  fibres 
or  tow  is  diminished ;  and  it  accomplishes  the  cleaning  of  even  the  shortest  flax,  which 
cannot  be  well  done  by  hand  machines. 

The  comminution  of  the  boon  of  the  stems,  which  is  the  object  of  the  breaking 
process,  can  however  be  performed  by  thrashing  or  beating,  although  in  this  way  the 
separation  of  the  woody  matter  from  the  textile  fibres  is  much  less  completely  cfliected. 

It  is  the  practice  in  Great  Britain,  instead  of 
breaking,  to  employ  a  water-driven  wooden 
mallet,  between  which  and  a  smooth  stone  the 
flax  is  laid.  In  that  part  of  Belgium  where 
the  preparation  of  flax  has  been  studied,  the 
brake  is  not  used,  but  beating  by  means  of  the 
Bott -hammer,  to  the  great  improvement,  it  is 
said,  of  the  flax.  The  Bott-hammer,  Jig.  418,  is 
a  wooden  block,  having  on  its  under  face  chan- 
nels or  flutings,  5  or  6  lines  deep,  and  it  is  fixed 
to  a  long  bent  helve  or  handle.  In  using  it,  a 
bundle  of  the  dried  flax  stalks  is  spread  evenly 
upon  the  floor,  then  powerfully  beaten  with  the 


p  ^      hammer,  first  at  the  roots,  next  at  the  points, 
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and  lastly  in  the  middle.  When  the  upper  sur- 
face has  been  well  beat  in  this  way,  it  is  turned 
over,  that  the  under  surface  may  get  its  turn. 
The  flax  is  then  removed,  and  well  shaken  to 
free  it  from  the  boon. 

By  the  brake  or  the  hammer  the  whole  wood  is  never  separated  from  the  textile 
fibres,  but  a  certain  quantity  of  chafl!"y  stuff"  adheres  to  them,  which  is  removed  by  another 
operation.  This  consists  either  in  rubbing  or  shaking.  The  rubbing  is  much  practised 
in  Westphalia,  and  the  neighboring  districts.  In  this  process,  the  operative  lays  the 
rubbins  apron  on  a  piece  of  dressed  leather,  one  foot  square,  upon  her  knee  ;  then  seizes 
a  bundle  of  flax  in  the  middle  with  her  left  hand,  and  scrapes  it  strongly  with  the  liibbe- 
kni/e  held  in  her  right,  fig.  419.  This  tool,  which  consists  of  a  wooden  handle  s,  and  a 
thin  iron  blade  r,  with  a  blunt  and  somewhat  bent  edge,  acts  admirably  in  cleaning  and 
also  in  parting  the  filaments,  without  causing  needless  waste  in  flax  previously  well 
broken. 

The  winnowing,  which  has  the  very  same  object  as  the  rubbing,  is,  however,  much 
more  generally  adopted  than  the  latter.  Two  distinct  pieces  of  apparatus  belong  to  it, 
namely,  the  swing-stock  and  the  swing-knife.  The  first  consists  of  an  upright  board  with 
a  groove  in  its  side,  into  which  a  handful  of  flax  is  so  placed  that  it  hangs  down  over 
half  the  surface  of  the  board.  While  the  left  hand  holds  the  flax  fast  above,  the  right 
carries  the  swing-knife,  a  sabre-shaped  piece  of  wood  from  I5  to  2  feet  long,  planed  to 
an  edge  on  the  convex  side,  and  provided  with  a  handle.  With  this  knife  the  flax  is 
struck  parallel  to  the  board,  with  perpendicular  blows,  so  as  to  scrape  off"  its  woody  asperi- 
ties. The  breadth  of  the  swing-knife  is  an  important  circumstance ;  when  too  nariow  it 
easily  causes  the  flax  to  twist  round  it,  and  thereby  tears  away  a  portion  of  the  fibres. 
When  8  6r  10  inches  broad,  it  is  found  to  act  best.  Knives  made  of  iron  will  not  answer, 
for  they  injure  the  filaments. 

Figs.  420,  421  show  the  best  construction  of  the  swing-stock.  The  board  a  has 
for  its  base  a  heavy  block  of  wood  6,  upon  which  two  upright  pins  e  e,  are  fixed.  The 
band/,  which  is  stretched  between  the  pins,  serves  to  guide  the  swing-knife  in  its 
movements,  and  prevent  the  operative  from  wounding  his  feet.  The  under  edge  of  ihe 
groove  c,  upon  which  the  flax  comes  to  be  laid,  is  cut  obliquely  and  rounded  olf  (see  d 
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in  Jig.  420) ;  thus  we  perceive  that,  the  swing-knife  can  never  strike  against  that  edge,  ro 
as  to  injure  the  flax. 

Fig.  422  exhibits  the  form  of  a  very  convenient  implement  which  is  employed  in 
Belgium  instead  of  the  swing-knife.  It  is  a  sort  of 
wooden  hatchet,  which  is  not  above  two  lines  thick, 
and  at  the  edge  g  a  is  reduced  to  the  thickness  of  the 
back  of  a  knife.  The  fly  k  gives  force  to  the  blow, 
and  preserves  the  tool  in  an  upright  position.  The 
short  flat-pressed  helve  i  is  glued  to  that  side  of  the 
leaf  which  in  working  is  turned  from  the  swing-stock; 
and  is,  moreover,  fastened  with  a  wooden  pin. 

The  rubbing  and  swinging  throw  oti'  the  coarsest 
sort  of  tow,  by  separating  and  shaking  out  the  shortest 
fibres  and  those  that  happen  to  get  torn.  That  tow  is 
used  for  the  inferior  qualities  of  sacking,  being  mixed 
with  many  woody  fibres. 

We  may  in  general  estimate  that  100  pounds  of 
the  stalks  of  retted  flax,  taken  in  the  dry  state,  afford 
from  45  to  48  pounds  of  broken  flax,  of  which,  in  the 
swinging  or  scutching,  about  24  pounds  of  flax,  with  9  or  10  pounds  of  scutch  tow  are 
obtained.  The  rest  is  boon-waste.  The  breaking  of  100  pounds  of  stalks  requires,  in  the 
ordinary  routine  of  a  double  process  by  hand,  about  20  hours ;  and  with  the  above  de- 
scribed machine,  from  17  to  18  hours.  To  scutch  100  pounds  of  broken  flax  clean,  130 
hours  of  labor  are  required  by  the  German  swinging  method. 

Mr.  Bundy  obtained  a  patent  in    1819,  for  certain  machinery  for  breaking  and  pre- 
paring flax,  which  merits  description  here.     Fig.  423,  a  A  A  a,  is  the  frame,  made  either  of 


wood  or  metal,  which  supports  the  two  conical  rollers  b  and  c.  These  revolve  independ- 
ently of  each  other  in  proper  brass  bearings.  A  third  conical  roller  d  is  similarly 
sui)ported  under  the  top  piece  e  of  the  machine.  AH  these  rollers  are  frusta  of  cones, 
made  of  cast  iron.  Whatever  form  of  tooth  be  adopted,  they '  must  be  so  shaped  and 
disposed  with  regard  to  each  other  as  to  have  considerable  play  between  them,  in  order 
to  admit  the  quantity  of  flax  stem  which  is  intended  to  be  broken  and  prepared.  The 
upper  piece  e  of  the  machine  which  carries  the  upper  conical  roller  d,  is  fixed  or  at- 
tached to  the  main  frame  a  a  a  A  by  strong  hinges  or  any  other  moveable  joint  at  g,  and 
rods  of  iron  or  other  sufliciently  strong  material ;  h  h  is  attached  at  its  upper  end  by  a 
joint  to  the  top  piece  e,  through  a  hole  near  i,  and  is  fixed  at  its  lower  end  by  another 
joint  K  to  the  treadle  or  lever  k  l,  which  turns  upon  the  joint  or  hinges  m.  A  spring  or 
weight  (but  the  former  is  preferable  for  many  reasons)  is  applied  to  the  machine  in  such 
manner,  that  its  action  will  always  keep  the  upper  piece  z,  and  consequently  the  upper 
roller  d,  in  an  elevated  or  raised  position  above  the  rollers  b  and  c,  when  the  machine  ia 
not  in  action  ;  and  of  course  the  end  l  of  the  treadle  will  also  be  raised,  which  admits  of 
the  flax  to  be  worked  being  introduced  between  the  rollers,  viz.,  over  the  two  lower 
rollers  b,  c,  and  under  the  upper  roller  d  ;  such  a  spring  may  be  applied  in  a  variety  of 
ways,  as  between  the  top  piece  e,  and  the  top  or  platform  of  the  machine  at  n  ;  or  it 
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may  be  a  strong  spiral  wire  spring,  having  its  upper  end  fastened  to  the  platform  while 
its  lower  extremity  is  fixed  to  the  rod  h  h,  round  which  it  coils  as  shown  at  o,  or  it  may 
be  placed  under  the  end  l  of  the  treadle;  but  in  every  case  its  strength  must  bene 
more  than  will  be  just  sufficient  to  raise  the  upper  roller  d  about  two  inches  from  the 
lower  rollers,  otherwise  it  will  occasion  unnecessary  fatigue  to  the  person  working  the 
machine. 

The  manner  of  using  it  is  as  follows :  the  upper  and  lower  rollers  being  separated  as 
aforesaid,  a  small  handful  of  dried  flax  or  hemp  stems  is  to  be  introduced  between  them, 
and  held  extended  by  the  two  hands,  while  the  rollers  are  brought  tosether  by  the  pres- 
sure of  the  foot  upon  the  treadle  l.  This  pressure  being  continued,  Ihe  flax  or  hemp  is 
to  be  drawn  backwards  and  forwards  by  the  hands  between  the  rollers,  in  a  direction  at 
risht  angles  to  their  axes,  and  eventually  withdrawn  by  pulling  with  one  hand  only. 
The  foot  is  now  to  be  removed  until  the  flax  or  hemp  is  again  replaced,  and  each  end  is 
this  way  to  be  drawn  several  times  through  the  machine,  until  such  ends  are  respectively 
finished. 

By  a  succession  of  these  operations,  using  the  pressure  of  the  foot  upon  i,,  each  time 
that  the  flax  or  hemp  is  introduced  between  the  rollers,  and  regulating  such  pressure  ac- 
cording to  the  progress  of  the  work,  the  flax  or  hemp  will  soon  be  sufficiently  worked, 
and  the  fibre  brought  into  a  clean  and  divided  state  fit  for  bleaching;  or  if  it  be  re- 
quired to  spin  it  in  the  yellow  state,  it  may  be  made  sufficiently  fine  by  a  longer  con- 
tinuationof  the  same  process,  particularly  if  worked  between  the  smaller  ends  of  the 
rollers. 

Indeed,  the  operation  may  be  commenced  and  continued  for  some  time,  with  the 
larger  part  of  the  rollers,  and  finished  with  their  smaller  ends;  and,  in  this  point  of 
view,  the  invention  of  conical  rollers  will  be  found  both  convenient  and  useful;  for  as 
the  flutes,  grooves,  or  teeth,  vary  in  their  distance  from  each  other  at  all  points  between 
the  large  and  small  ends,  so  it  becomes  almost  impossible  for  the  workman  to  draw  the 
flax  or  hemp  through  such  rollers  in  the  same  track  ;  and  thus  the  breaking  of  the  boon 
must  be  much  more  irregular,  and  the  fibre  will  be  much  more  effectually  cleansed  than 
it  can  be  by  the  flutes,  grooves,  or  teeth  of  cylinders,  or  other  such  contrivances  formerly 
employed  ;  because  they  would  probably  fall  frequently  upon  the  same  points  of  the 
fibres.  If  it  is  intended  that  the  flax  shall  be  bleached  before  it  is  spnn,  then  the  second 
part  of  Mr.  Bundy's  invention  may  be  had  recourse  to,  which  consists  in  moving  certain 
trays  or  cradles  in  the  water,  or  other  fluid  used  for  bleaching  the  flax  or  hemp,  in  the 
manner  following,  viz.  :  The  flax  or  hemp,  after  having  been  broken  and  worked  in  the 
machine,  should  be  divided  into  small  quantities  of  about  one  ounce  each,  and  these  should 
be  tied  loosely  in  the  middle  with  a  string,  and  in  this  state  laid  in  the  trays  or  cradles,  and 
then  be  soaked  in  cold  soft  water  for  a  day  or  two,  when  each  parcel  should  be  worked 
separately,  while  wet,  through  a  machine,  precisely  similar  to  that  already  described,  ex- 
cept only  that  the  rollers  should  be  cylindrical,  and  made  entirely  of  wood  with  metal 
axles,  and  the  teeth,  which  will  be  parallel,  should  be  similar  in  form  to  those  shown  in 
section  at  q.  Jig.  423*.  Such  operation  will  loosen  the  gluten  and  coloring  matter,  for 
the  rinsing  and  wringing  which  must  follow.  The  flax  must  then  be  again  disposed  in 
a  flat  and  smooth  manner,  in  such  trays  or  cradles,  and  once  more  set  to  soak  in  sufficient 
soft  water  to  cover  it,  in  which  a  small  quantity  of  soap,  in  the  proportion  of  about  seven 
pounds  of  soap  to  each  hundred  weight  of  flax,  has  been  previously  dissolved,  and  in  this 
State  it  should  remain  for  two  or  three  days  longer,  and  then  be  finally  worked  through 
the  machine,  rinsed  with  clear  water,  and  wrung;  which  will  render  it  sufficiently  white 
for  most  purposes. 

III.  The  Heckling. — We  have  already  stated  that,  by  the  operation  of  heckling,  a 
three-fold  object  is  proposed:  1.  the  parting  of  the  filaments  into  their  finest  fibrils; 
2.  the  separation  of  the  short  fibres  which  are  unfit  for  spinning;  3.  the  equable  and 
parallel  arrangement  of  the  long  filaments.  The  instrument  of  accomplishing  these  ob- 
jects is  a  comb-fashioned  tool,  called  the  heckk  or  hackle  ;  a  surface  studded  more  or  less 

424  ^ thickly     with     metal     points,    called 

heckle  teeth  ;  over  which  the  flax  is 
drawn  in  such  a  way  that  the  above 
three  required  operations  may  be  pro- 
perly accomplished. 

The  common  construction  of  the 
heckle  is  the  following :  (see  Jig. 
424.)  Fig.  424  is  the  ground  plan, 
and  Jig.  425  is  the  section.  Upon 
an  oblong  plank  a  b,  two  circular  or 
square  blocks  of  wood  c  and  d  are 
fixed,  in  which  the  heckle  teeth  stand 
upright.     To  give  these  a  firmer  hold  they  are  stuck  into  holes  in  a  brass  or  iron  plate, 
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with  which  the  upper  surface  of  c  and  d  is  covered.  Both  heckles  may  be  either  associ- 
ated upon  one  board  or  separated ;  and  of  different  finenesses  ;  that  is,  the  teeth  of  the  one 
may  be  thinner,  and  stand  closer  together ;  because  the  complete  preparation  of  the 
flax  requires,  for  its  proper  treatment,  a  twofold  heckling;  one  upon  the  coarse,  and 
one  upon  the  fine  heckle;  nay,  sometimes  3  or  4  heckles  are  employed  of  progressive 
fineness.  The  heckle  teeth  are  usually  made  of  iron,  occasionally  of  steel,  and  from 
1  to  2  inches  long.  Their  points  must  be  very  sharp  and  smooth,  all  at  an  equal  level, 
and  must  all  graduate  very  evenly  into  a  cylindrical  stem,  like  that  of  a  sewing  needle, 
without  any  irregularity.  The  face  of  the  heckle  block  must  be  uniformly  beset  with 
teeth,  which  is  done  by  different  arrangements,  some  persons  setting  them  in  a 
circle,  and  others  in  parallel  rows;  the  former  being  practised  in  Germany,  the  latter  in 
England.  The  coarse  heckle  is  furnished  with  teeth  about  one  tenth  of  an  inch  thick, 
one  and  a  quarter  of  an  inch  long,  and  tapering  from  the  middle  into  a  very  fine  point.  In 
the  centre  of  the  circular  heckle  is  a  tooth  planted  ;  the  rest  are  regularly  set  in  12  similar 
concentric  circles,  of  which  the  outermost  is  5f  inches  in  diameter.  The  fine  heckles 
contain  no  fewer  than  1109  teeth.  Instead  of  making  the  points  of  the  teeth  round,  it 
is  better  to  make  them  quadrangular,  in  a  rhombus  form,  in  which  case  the  edges  serve 
to  separate  or  dissect  the  fibres. 

The  operation  of  heckling  is  simple  in  principle,  although  it  requires  much  experi- 
ence to  acquire  dexterity.  The  operative  seizes  a  flock  of  flax  by  the  middle  with  the  right 
hand,  throws  it  upon  the  points  of  the  coarse  heckle,  and  draws  it  towards  him,  while 
he  holds  the  left  hand  upon  the  other  side  of  the  heckle,  in  order  to  spread  the  flax,  and 
to  prevent  it  from  sinking  too  deeply  among  the  teeth.  From  time  to  time  the  short 
fibres  or  tow  sticking  to  the  teeth  are  removed.  Whenever  one  half  of  the  length  of  the 
strake  of  flax  is  heckled,  it  is  turned  round  to  heckle  the  other  half.  This  process  is 
repeated  upon  the  fine  heckle.  From  JOO  pounds  of  well-cleaned  flax,  about  45  or  50 
pounds  of  heckled  flax  may  be  obtained  by  the  hand  labor  of  50  hours ;  the  rest  being 
tow,  with  a  small  waste  in  boony  particles  and  dust.  The  process  is  continued,  till  by 
careful  handling  little  more  tow  is  formed. 

Many  contrivances  have  been  made  to  heckle  by  machinery,  but  it  may  be  doubted 
whether  any  of  them  as  yet  make  such  good  work  with  so  little  loss  as  hand  labor. 
In  heckling  by  the  hand,  the  operative  feels  at  once  the  degree  of  resistance,  and  can 
accommodate  the  traction  to  it,  or  throw  the  flax  more  or  less  deep  among  the  teeth, 
according  to  circumstances,  and  draw  it  with  suitable  force  and  velocity.  To  aid  the 
heckle  in  splitting  the  filaments,  three  methods  have  been  had  recourse  to ;  beating, 
brushing,  and  boiling  with  soap-water,  or  an  alkaline  ley. 

Beating  flax,  either  after  it  is  completely  heckled,  or  between  the  first  and  second 
hecklins,  is  practised  in  Bohemia  and  Silesia.  Each  heckled  tress  of  flax  is  folded  in 
the  middle,  twisted  once  round,  its  ends  being  wound  about  with  flaxen  threads ;  and 
this  head,  as  it  is  called,  is  then  beat  by  a  wooden  mallet  upon  a  block,  and  repeatedly 
turned  round  till  it  has  become  hot.  It  is  next  loosened  out,  and  rubbed  well  between  the 
hands.  The  brushing  is  no  less  a  very  proper  operation  for  parting  the  flax  into  fine 
filaments,  softening  and  strengthening  it  without  risk  of  tearing  the  fibres.  This 
process  requires  in  tools,  merely  a  stiff  brush  made  of  swine's  bristles,  and  a  smooth 
board,  3  feet  long  and  one  foot  broad,  in  which  a  wooden  pin  is  made  fast.  The  end 
of  the  flax  is  twisted  two  or  three  times  round  this  pin  to  hold  it,  and  then  brushed 
through  its  whole  length.  Well  heckled  flax  suffers  no  loss  in  this  operation ;  un- 
heckled  only  a  little  tow ;  which  is  of  no  consequence,  as  the  waste  is  thereby  dimin- 
ished in  the  following  process.  A  cylindrical  brush  turned  by  machinery  might  be  employed 
here  to  advantage. 

The  boiling  of  flax  with  potash  ley  alone,  or  with  ley  and  soap,  dissolves  that  portion 
of  the  glutinous  cement  which  had  resisted  the  retting,  completes  the  separation  of  the 
fibres,  and  is  therefore  a  good  practical  means  of  improving  flax.  When  it  is  performed 
upon  the  heckled  fibres,  a  supplementary  brushing  is  requisite  to  free  it  from  the  dust, 
soapy  particles,  &c. 

Can  Jlax  he  prepared  without  retting  ?  — The  waste  of  time  and  labor  in  the  steeping 
of  flax ;  the  dyeing  of  the  fibres  consequent  thereon,  which  must  be  undone  by  bleach- 
ing; the  danger  of  injuring  the  staple  by  the  action  of  putrescent  water;  and,  lastly, 
the  diminished  value  of  flax  which  is  much  water-retted,  are  all  circumstances  which 
have  of  late  years  suggested  the  propriety  of  superseding  that  process  entirely  by 
mechanical  operations.  It  was  long  hoped,  that  by  the  employment  of  breaking 
machines,  the  flax  merely  dried  could  be  freed  from  its  woody  particles,  while  the 
textile  filaments  might  be  sufficiently  separated  by  a  subsequent  heckling.  Experience 
has,  however,  proved  the  contrary.  The  machines,  which  consisted  for  the  most  part  of 
fluted  rollers  of  iron  or  wood,  though  expensive,  might  have  been  expected  to  separate 
the  ligneous  matter  from  the  fibres  ;  but,  in  the  further  working  of  the  flax,  no  advantage 
was  gained  over  the  water-retting  process. 
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1.  Unretted  flax  requires  a  considerably  longer  time  for  breaking  than  retted,  under 
the  employment  of  the  same  manipulations. 

2.  Unretted  stalks  deliver  in  the  breaking  and  heckling  a  somewliat  greater  product 
than  the  same  weight  of  flax  which  has  been  retted  ;  but  there  is  no  real  advantage  in 
this,  as  the  greater  weight  of  the  unretted  flax  consists  in  the  remainder  of  ligneous  or 
glutinous  matter,  which  being  foreign  to  the  real  fibre,  must  be  eventually  removed. 
In  the  bleaching  process,  the  water  and  the  alkaline  leys  take  away  that  matter,  so  that 
the  weight  of  the  bleached  fibre  is  not  greater  from  the  unretted  than  the  retted  flax. 

3.  The  parting  of  the  fibres  in  the  unretted  stalks  is  imperfectly  eflected  by  the 
neckling,  the  flax  either  remains  coarser  as  compared  with  the  retted  article,  and  affords 
a  coarser  thread,  or  if  it  be  made  to  receive  greater  attenuation  by  a  long  continued  heck- 
ling, it  yields  incomparably  more  torn  filaments  and  tow. 

4.  The  yarn  of  unretted  flax  feels  harder,  less  glossy,  and  rougher  ;  and,  on  account 
of  these  qualities,  turns  out  worse  in  the  weaving  than  the  retted  flax.  Nor  is  the  yarn 
of  unretted  flax,  whether  unbleached  or  bleached,  in  any  degree  stouter  than  the  yarn  of 
the  retted  flax. 

5.  Fabrics  of  unretted  flax  require  for  complete  bleaching  about  a  sixth  less  time  and 
materials  than  those  of  the  retted.  This  is  the  sole  advantage,  but  it  is  more  than  coun- 
terbalanced by  the  other  drawbacks  above  specified. 

In  Mr.  Wordsworth's  improved  apparatus  for  heckling  flax  and  hemp,  a  succession  of 
stricks  is  subjected  to  the  operation  of  several  series  of  revolving  heckles  of  different  de- 
grees of  fineness,  for  the  purpose  of  gradually  separating  or  combing  the  long  fibres,  and 
dressing  them  smooth  ;  while  at  the  same  time,  the  tow  or  entangled  refuse  portions  of 
the  material  taken  off  from  the  stricks  by  the  heckle  points  are  removed  from  the  heckles 
by  rotatory  brushes  and  rollers  covered  with  wire  cards,  and  discharged  into  suitable 
receivers,  whence  it  may  be  taken  to  a  carding  engine,  to  be  worked  in  the  ordinary 
way. 

The  accompanying  figures  represent  in  plan  and  section  the  heckling  machine,  which 
is  made  double,  for  the  purpose  of  allowing  two  series  of  stricks  of  flax  to  be  acted  upon 
at  one  time.  Fig.  426  is  a  horizontal  view  of  the  machine  j  fig.  427  is  an  end  view,  the 
426  .  Y 


whole  being  represented  in  working  order,  and  the  respective  letters  of  reference  point- 
ing out  corresponding  parts  of  the  machine. 

A  A  are  two  large  barrels  or  drums,  upon  the  surfaces  of  which  are  fixed  longitudi- 
nally several  series  of  brass  ribs  a,  b,  c,  d,  e,f,  g,  h.  i,  holding  heckle  points.  These  ribs 
are  placed  at  small  distances  apart  round  the  barrels,  all  the  heckle  points  standing  ra- 
dially from  the  axes,  and  the  barrels  are  mounted  upon  axles  supported  by  pedestals, 
■with  plummer  blocks  bearing  on  the  rails  of  the  end  frames,  b  b,  are  two  horizontal 
wheels  or  pulleys  turning  upon  vertical  shafts,  which  pulleys  conduct  an  endless  chain 
c  c  c  c,  carrying  the  holders,  whereon  the  stricks  of  flax  or  other  material  intended  to  be 
heckled  are  suspended. 

At  one  end  of  the  axle  of  each  of  the  barrels  a  toothed  wheel  d  d  is  made  fast,  and  these 
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are  connected  by  a  similar  wheel  e,  and  a  pinion  T,fig.  427,  the  latter  being  fixed  upon 
the  axle  of  the  driving  rigger  g. 

427  P, 
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The  power  of  a  steam  engine,  or  any  other  first  mover,  being  applied  by  a  band  and 
rigger,  or  otherwise  to  the  axle  of  g,  the  pinion  f  is  driven  round,  which,  being  in  gear- 
ing with  the  toothed  wheels  e  and  d  d,  causes  the  heckle  barrels  A  A  to  revolve  simul- 
taneously in  opposite  directions,  as  shown  by  the  arrows  in^g.  427. 

The  stricks  of  flax  intended  to  be  operated  upon  are  severally  confined  between  pairs 
of  clamps  k,  fastened  together,  which  clamps,  with  the  stricks,  are  then  suspended  in 
their  respective  holders  h  h,  attached  to  the  endless  chain  c :  the  lower  portion  of  the 
flax  hanging  down  for  the  purpose  of  being  acted  upon  by  the  rotatory  heckles,  while 
the  upper  portions  are  turned  up  in  loops  and  confined  by  spring  levers  attached  to  each 
carrier. 

The  respective  holders  of  the  clamps  consist  of  a  forked  frame,  with  hooks  at  the 
lower  parts  of  their  arms,  which  receive  the  ends  of  the  clamps  k,  that  confine  the  strick 
of  flax.  From  the  upper  part  of  each  forked  frame,  a  perpendicular  pin  extends,  which 
pins,  when  inserted  into  the  sockets  I II,  in  front  of  the  chain,  form  axles  for  the  frames 
to  turn  upon  at  certain  periods  of  the  operation. 

On  the  upper  end  of  each  pin  a  small  arm  or  tappet  piece  m,fig.  427,  is  fixed, 
standing  at  right  angles  to  the  face  of  the  forked  frame  of  the  holder  h.  Those  tappets, 
as  the  endless  chain  conducts  the  holders  along  at  certain  periods,  come  in  contact  with 
stationary  pins  or  wipers  11 11,  fixed  to  the  guide  rails  0,  on  which  the  chain  c  slides ;  and 
these  wipers  acting  against  the  tappets  as  they  pass,  cause  the  holders  to  be  turned  round 
at  those  periods  for  the  purpose  of  bringing  the  reverse  side  of  the  strick  of  flax  on  to 
the  heckle  points. 

Let  it  now  be  supposed,  that  all  the  holders  connected  to  the  endless  chain  have  been 
furnished  with  stricks  of  flax,  or  other  material  to  be  heckled,  and  that  the  barrels  a  a 
are  put  in  motion  in  the  way  described,  revolving  in  the  direction  of  the  arrows  shown 
in_^g.  427.  A  pinion  on  the  end  of  the  axles  of  one  of  the  barrels  a  will  drive  a  train 
of  toothed  gear,  j  k  l  m  and  n,  on  the  axle  of  the  latter,  of  which  there  is  a  bevelled 
pinion  taking  into  a  bevelled  wheel,  turning  horizontally  at  the  lower  end  of  the  per- 
pendicular shaft  of  one  of  the  chain  pulleys.  It  will  hence  be  perceived,  that  as  the 
barrels  go  round,  such  rotatory  motion  will  be  communicated  to  the  pulley  e,  as  will 
cause  it  to  drive  the  chain  c  forward,  and  by  that  means  conduct  the  several  stricks  of 
flax  progressively  along  the  barrel. 

When  each  successive  holder,  with  its  strick  of  flax  or  other  material,  is  brought  to 
the  part  z,  fig.  426,  the  fibres  come  in  contact  with  the  rotatory  barrel,  and  first  strike 
upon  the  series  of  coarse  heckles  a  a,  placed  upon  an  inclined  or  conical  surface  of  the 
barrel,  by  which  means  the  lower  ends  of  the  flax  in  each  strick  are  first  acted  upon ;  and 
as  it  advances,  the  upper  part,  and  ultimately  the  whole  length  of  the  long  fibres  of  the 
suspended  strick,  are  gradually  brought  on  to  the  heckles,  which  progressive  operation 
prevents  the  long  fibres  from  being  broken,  and  causes  a  smaller  quantity  of  tow  to  be 
produced  than  is  usually  taken  off"  in  any  of  the  ordinary  modes  of  heckling. 

After  the  strick  of  flax  or  other  material  has  been  carried  by  the  travelling  chain  past 
the  first  inclined  or  conical  surface  a,  of  the  heckling  barrel,  it  then  comes  upon  the 
cylindrical  part,  b,  of  the  barrel,  which  is  also  furnished  with  coarse  heckles  that  pene- 
trate and  comb  down  the  whole  pendent  lengths  of  the  fibres.  But  in  order  that  both 
sides  of  the  strick  of  flax  may  be  equally  operated  upon,  the  holder  is  now  to  be  turned 
round  upon  its  pin  or  pivot,  which  movement  is  effected  by  one  arm  of  the  lever  or  tappet 
m,  (as  the  carrying  chain  moves  onward),  coming  against  the  stationary  pin  or  wiper  n, 
which  changes  the  position  of  the  holder,  as  shown  at  j»,  in  the  horizontal  view^g.  426. 

The  under  part  of  the  guide  rail  0,  upon  which  the  chain  slides,  is  at  this  part  cut 
away,  for  the  purpose  of  allowing  the  holder  to  turn  round  horizontally ;  and  a  pin  or 
projection  at  the  under  side  of  the  guide  rail,  as  the  chain  continues  moving,  acts  against 
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the  side  of  the  carrier  frame,  and  forces  it  into  a  position  parallel  with  the  chain.  The 
other  side  of  the  strick  of  flax  is  by  these  means  brought  on  to  the  heckles  of  the  second 
inclined  or  conical  surface  of  the  barrel  at  c;  and  the  travelling  chain  proceeding  on- 
ward, the  fibres  of  the  material  are  in  succession  passed  over  and  combed  by  the  heckles 
of  increasing  fineness,  rf,  e,  and  /,  on  the  cylindrical  part  of  the  revolving  barrel,  until 
the  si  rick  having  arrived  at  the  second  wiper  n,  the  frame  or  holder  is  at  q,  turned  round 
as  before,  and  the  reverse  side  of  the  strick,  or  that  first  operated  upon  by  the  heckles  a 
and  b,  is  brought  progressively  on  to  the  heckles  of  increasing  fineness,  g,  h,  and  i;  and 
having  passed  the  last  series  of  rotatory  heckles,  the  holders  are  in  succession  to  be 
removed  from  the  machine,  the  material  having  been  suflSciently  dressed. 

The  clamps  of  the  holders  are  now  opened  by  the  attendant,  and  the  stricks  of  flax  or 
other  material  are  taken  out,  and  again  placed  between  the  clamps  in  reversed  positions, 
in  order  that  the  other  ends  of  the  fibres  may  be  operated  upon.  The  clamps,  with  the 
stricks,  are  then  suspended  again  in  the  holders,  the  uncombed  ends  of  the  fibres  hanging 
down  upon  the  heckle  barrel. 

In  order  to  avoid  interrupting  the  continual  operation  of  the  machine,  it  is  proposed 
that  the  strick,  on  its  second  introduction,  shall  be  placed  in  the  holders  on  the  opposite 
side  at  y,  which  is  one  of  the  reasons  for  constructing  a  double  machine,  and  the  strick 
being  thence  carried  along  by  the  travelling  endless  chain  in  the  way  already  described, 
the  fibres  will  be  first  brought  under  the  operation  of  the  coarse  heckles  on  the  inclined 
or  conical  surface  of  the  second  revolving  barrel,  and  then  of  the  other  heckles  increasing 
in  fineness  on  the  cylindrical  part  of  the  barrel,  until  having  reached  the  end,  as  in  the 
former  instance,  the  fibres  of  the  flax  may  be  considered  to  be  sufficiently  dressed,  and 
may  then  be  withdrawn. 

It  may  be  necessary  here  to  remark,  that  as  diflferent  kinds  and  qualities  of  material 
will  require  diflerent  degrees  of  working  by  the  heckles,  this  can  be  eflfected  by  varying 
the  comparative  speeds  of  the  travelling  holders  and  the  heckle  barrels.  These  com- 
parative speeds,  it  will  be  perceived,  depend  upon  the  diameters  of  the  wheels  and  pinions 
by  which  the  pulley  b  is  driven  from  the  rotation  of  the  heckle  barrel.  These  wheels 
and  pinions  are  therefore  intended  to  be  removed  and  changed  for  others  of  different 
diameters,  as  circumstances  may  require.  It  will  be  perceived  that  the  faster  the  stricks 
travel  through  the  machine  compared  to  the  rotatory  speed  of  the  heckle  barrels,  so  much 
the  less  will  the  material  be  acted  upon  by  the  rotatory  heckles;  but  as  diff'erent  quali- 
ties of  material  must  be  difl'erently  operated  upon,  according  to  circumstances,  it  is  im- 
possible to  set  out  any  definite  speeds  or  proportions  of  speed :  that  will,  however,  be 
readily  perceived  by  competent  workmen  when  working  at  the  machine. 

In  the  process  of  opening  the  fibres  of  the  material  by  the  rotatory  heckles,  a  quan- 
tity of  short  or  loose  fibres,  as  tow,  will  be  taken  ofl"  the  stricks  by  the  heckle  points, 
and  will  remain  adhering  to  the  barrel  between  the  points  of  the  heckles :  in  order, 
therefore,  to  remove  this  tow  or  other  loose  entangled  materials  from  the  heckles, 
several  series  of  brushes,  or  blocks,  with  bristles,  are  affixed  longitudinally  t«  rotatory 
barrels  q  q. 

These  brush  barrels  are  mounted  parallel  to  the  heckle  barrels  upon  axles,  supported 
in  plummer  blocks  affixed  to  brackets  extending  from  the  end  frames  of  the  machine. 
Those  parts  of  the  brush  barrels  which  are  opposite  to  the  cylindrical  portions  of  the 
heckle  barrel  are  cylindrical,  and  those  parts  which  are  opposite  to  the  bevels  are  contra- 
bevelled,  or  made  as  fiustrums  of  cones  reversed,  or  in  an  opposite  angle,  as  r,  s,  so  as 
to  run  parallel  to  the  inclined  surfaces  of  the  heckle  barrels  a  and  c. 

Upon  the  periphery  of  these  barrels  Q  Q,  ribs  or  blocks,  with  bristles  or  brushes,  are 
fixed  longitudinally,  at  suitable  distances  apart,  the  bristles  all  standing  radially  from  the 
axle,  and  taking  into  the  points  of  the  heckles. 

Rotatory  motions  are  given  to  the  brush  barrels  Q  Q,  by  bands  passing  from  the  riggers 
at  G,  over  pulleys  r  r,  fixed  at  the  end  of  each  of  the  axles  of  the  brush  barrels.  Hence, 
it  will  be  perceived  that  the  barrels  Q  Q  will  revolve  in  opposite  directions  to  the  heckle 
barrels,  and  with  sufficient  speed  to  enable  the  brushes  to  pass  through  between  the 
points  of  the  heckles,  and,  in  so  doing,  to  remove  the  tow  or  other  loose  matter 
therefrom. 

The  tow  or  other  loose  fibrous  material  collected  upon  the  brushes  is  transferred  thence 
on  to  wire  cards  placed  round  the  periphery  of  the  barrels  s  s,  which  barrels  are  mounted 
upon  axles  parallel  to  the  brush  rollers,  and  turn  in  plummer  blocks  upon  brackets, 
extending  from  the  end  frames  of  the  machine. 

These  barrels  are  cylindrical,  and  covered  with  sheets  of  wire  cards  at  those  parts 
which  are  opposite  to  the  cylindrical  portions  of  the  brush  barrels,  but  those  portions  of 
the  barrel  s  which  are  opposite  to  the  bevelled  points,  r  and  s,  of  the  brush  barrels,  are 
bevelled  or  made  conical  at  /  u,  to  fit  or  correspond  with  the  inclined  surfaces  r  and  *; 
these  are  covered  with  sheets  of  wire  card  also. 

Rotatory  motions  are  comjnunicated  to  the  card  barrels  s  s,  by  bands  from  the  pulley 


FLAX. 


499 


T,  fixed  on  to  the  side  of  the  toothed  wheel  m  (see  fig.  427),  which  band  drives  similar 
pulleys  V  V,  mounted  upon  studs  fixed  in  ihe  end  frame.  Upon  the  side  of  each  of  these 
pulleys  V  V,  a  pinion  /  is  fixed,  which  pinion  takes  into  the  teeth  of  the  wheel  w,  on  the 
end  of  the  axle  of  each  of  the  card  barrels  s  s ;  by  wliich  means  such  slow  motions  are 
given  to  the  barrels  s,  as  will  allow  the  brushes  of  the  barrels  Q  to  comb  oflT  and  deposite 
the  tow  or  other  fibrous  material  upon  the  wire  cards  as  they  revolve,  and  from  whence 
it  is  to  be  removed  by  a  doffing  comb,  and  let  fall  into  any  convenient  receptacle  below, 
in  the  same  way  as  in  ordinary  carding  engines. 

The  dofling  combs,  x  x  x,  are  formed  to  the  shape  of  the  card  barrels,  and  are  attached 
to  straight  bars  extending  along  the  machine  on  both  sides,  which  are  supported  at  their 
extremities  by  levers  y  y,  vibrating  upon  fulcrum  pivots  at  w  xv.  To  these  levers  per- 
I)endicular  rods,  z  z,  are  connected  by  joints,  and  the  lower  end  of  each  of  these  rods  is 
attached  to  an  eccentric  disc,  roller,  ur  crank,  x  x,  on  the  axle  of  the  brush  barrel ;  whence 
it  will  be  perceived  that  by  the  rotation  of  the  eccentrics  x,  the  levers  y  will  be  made  to 
vibrate  and  strike  ofl',  or  dofi'  the  low  or  other  material  from  the  card  barrels,  in  a  similar 
manner  to  the  operations  of  the  doffing  comb  of  an  ordinary  carding  engine. 

Mr.  Evans's  patent  improvements  in  machinery  for  preparing  and  dressing  flax  and 
hemp  apply,  first,  to  the  operation  of  scutching,  swingling,  or  beating  away  the  boom 
or  woody  particles  of  the  rind  wliich  covers  the  flax,  or  hemp,  in  its  rough  state;  and, 
secondly,  to  the  subsequent  operation  of  heckling,  combing,  or  opening  of  the  fibres  of 
the  material  preparatory  to  spinning  it  into  yarns. 

Fig.   428   represents   the   scutching   or   swingling    machine,    in   different    positions. 
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Fig.  428  is  an  end  view  of  the  machine  in  operation  ;  fig.  429  is  a  front  view  of  tlie 
same.  The  essential  parts  of  the  machine,  and  those  in  which  the  invention  especially 
consists,  are  two  pairs  of  revolving  beaters  or  scutchers,  each  formed  by  long  ribs  or 
blades  mounted  upon  arms.  The  blades  of  the  beaters,  a  a,  may  be  made  of  ribs  of  hard 
wood,  or  other  suitable  material,  broad  but  thin,  and  slightly  rounded  on  their  edges,  to 
prevent  their  cutting  the  fibres  of  the  flax  or  hemp  when  they  strike  it.  The  two  blades 
are  placed  parallel  to  each  other,  and  mounted  upon  a  hexagonal  frame,  the  arms  b  b 
inclining  or  forming  obtuse  angles  with  the  blades,  and  from  the  middle  of  the  arms  short 
axles,  c  c,  extend,  upon  which  the  beaters  revolve. 

The  axles  of  both  pairs  of  beaters  are  mounted  in  pinmmer  boxes,  bearing  upon  hori- 
zontal rails  at  the  ends  of  the  machine,  as  shown  in  fig-  428,  and  are  at  such  distance 
apart  as  will  allow  of  the  arms  and  the  beaters  of  each  pair  passing  alternately  within 
those  of  the  other  pair  as  they  revolve  in  opposite  directions,  which  they  are  enabled  to 
do  without  coming  in  contact,  in  consequence  of  the   inclination  of  the  arms. 

On  the  axle  at  one  end  of  each  pair  of  beaters  a  toothed  wheel,  d,  is  affixed,  and  these 
wheels  being  of  similar  diameters,  and  taking  into  each  other,  cause  the  beaters  to 
revolve  with  similar  speed  in  opposite  directions,  rotatory  motion  being  given  to  them  by 
a  band  and  rigger  fixed  upon  one  of  the  axles ;  and  in  order  that  the  beaters  in  revolving 
may  not  come  in  contact  as  they  pass,  the  positions  of  the  two  pairs  are  so  arranged  that 
the  blades  of  one  shall  be  in  a  perpendicular  situation,  wliile  those  of  the  other  are 
horizontal. 

The  rind  of  the  flax  or  hemp  having  been  previously  broken  by  any  of  the  ordinary 
modes  of  performing  that  operation,  small  bunches  or  stricks  of  the  material  are  spread 
out,  and  their  ends  confined  between  the  jaws  of  clamps  or  holders. 
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These  clamps  or  holders  differ  considerably  from  the  clamps  which  are  commonly 
used.  I  shall  therefore  particularly  describe  their  construction,  before  showing  them  in 
operation.  Figs.  430  and  43 1  are  views  of  the  clamp  in  two  different  positions  ;  a  and  b 
430  ^  ^,,  are  two  boards  united  together  by  a  hinge,  c,  at  top, 

which  of  course  allows  them  to  shut  and  open.  The 
lower  parts,  forming  the  jaws  of  the  clamps,  are 
made  with  teeth  or  indentations,  between  which 
parts  the  ends  of  the  flax  or  hemp  are  securely  held 
when  the  clamps  are  brought  together ;  d  d  are  two 
pieces  projecting  from  the  board  b,  at  the  end  of  each 
of  which  is  an  eye  shown  by  dots,  and  at  the.back  of 
the  board  a  (see  fig.  430),  there  -is  a  double  armed 
lever,  e,  turning  upon  a  fixed  pin,  /,  which  lever  car- 
ries two  circular  wedges,  g  g.  These  wedges  pass  into  the  eyes  of  the  pieces  d  d,  when 
the  clamps  are  closed  and  hold  them  fast.  There  is  a  segment  ratchet  h,  at  the  upper 
part  of  the  board  a,  which  turns  upon  a  stud,  i,  and  is  pressed  downward  by  a  spring,  k. 
This  ratchet  receives  the  end  of  the  lever  e,  and  consequently  keeps  the  circular  wedges 
firm  in  the  eyes,  which  hold  the  clamps  securely  together,  and  prevent  their  opening  by 
the  shaking  of  the  machine. 

When  it  is  required  to  open  the  clamps,  the  ratchet  h  must  be  raised,  and  the  lever  e 
pushed  aside  by  its  handle  /,  which  draws  the  circular  wedges  /  from  the  eyes  of  the 
pieces  d  d,  and  the  boards  of  the  clamps  immediately  separate.  For  the  convenience  of 
suspending  the  holders  in  the  machines,  a  piece  of  sheet  iron,  m,  is  bent  at  right  angles, 
and  fastened  to  the  back  of  the  board  b,  as  seen  in  fig.  431,  forming  a  groove  by  means 
of  v/hich  the  holders  are  enabled  to  slide  into  the  machine  and  hang  there. 

These  clamps  or  holders  are,  when  charged  with  the  material,  placed  in  the  scutching 
machine,  as  shown  at  e  e  c,  in  figs.  428  and  429,  bearing  upon  the  edge-rail  or  bar  /. 
The  beaters  are  now  made  to  revolve  in  the  manner  already  described,  by  which  the 
edges  of  the  blades  will  strike  against  the  pendent  stricks  of  flax  or  hemp  alternately  on 
each  side,  and  beat  ofl",  scutch,  or  swingle  the  boom  from  the  material,  and  render  it  fit 
for  the  operation  of  heckling  which  is  to  follow. 

The  whole  machine  is  incased  with  boards,  to  prevent  the  inconvenience  arising  from 
dust,  and  an  apparatus  might  be  adapted  with  a  blower  to  conduct  away  the  dust 
created  by  the  machine,  and  to  discharge  it  out  of  the  building. 

In  introducing  these  stricks  of  flax  or  hemp  into  the  machine,  the  holder  is  placed 
upon  the  projecting  end  of  the  bar  or  edge-rail  f,  and  is  thence  slidden  into  the  ma- 
chine ;  and  after  the  material  has  been  sufficiently  scutched  or  swingled,  the  holders, 
with  the  stricks,  are  removed  through  the  top  of  the  machine,  and  others  successively 
introduced  at  the  end,  and  pushed  along  the  rail. 

,oo  If,  however,  it  should  be  thought 

desirable,     the     stricks     may     be 
'^i%'P|''?T%     progressively   carried   through  the 
- -^^•ji'ljii^.-;     scutching  machine,  and  delivered 
■•••i-H  I'M  ■■. I  .--•■'      into    a   similar    edge-rail   in    the 
heckling  machine,  there  to  be  op- 
erated upon  in  the  way  about  to 
be  described,  by  which  means  the 
whole   process   of    scutching   and 
heckling  may  go  on  Avithout  inter- 
ruption. 

Fig.  432  represents  the  heck- 
ling or  combing  machine  by  which 
the  fibres  of  the  material  are  to 
be  opened,  and  the  tow  removed. 
It  is  a  transverse  section,  taken 
nearly  through  the  middle,  in  a 
vertical  direction.  Perpendicular 
standards  form  the  ends  of  the 
machine,  which  are  connected  to- 
gether by  longitudinal  rods  or 
bars  secured  by  nuts.  The  heckle 
points  intended  to  act  upon  the 
flax  are  mounted  in  the  frames 
a,  b,  c,  and  d,  and  the  stricks  of 
flax  held  in  the  clamps  e  €  e,  as 
described,  are  suspended  from  the 
bar  or  edge-rail,  extending  through 
the  machine. 
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In  order  to  render  the  principles  of  this  machine  and  its  mode  of  working  evident,  it 
may  be  desirable  to  show  in  an  abstract  form  the  manner  in  which  the  heckles  are  brought 
into  operation  upon  the  flax,  and  for  this  purpose  two  diagrams  are  delineated  in  Jigs. 
433,  434. 

Supfose  two  sets  of  combs  or  heckle  points  be  mounted  upon  frames  a  and  b,  as  in 
these  figures,  each  frame  being  moveable  by  means  of  cranks  c,  c,  and  d,  d,  connected  in 
such  manner  that  they  both  turn  with  the  same  speed  in  opposite  directions,  it  is  evident 
that  every  part  of  the  frames  and  combs  will  move  in  circles  corresponding  to  those  de- 
scribed by  the  cranks ;  the  points  of  the  combs  travelling  in  the  directions  of  the  arrows, 
and  in  circles  represented  by  dots. 

During  this  movement,  whilst  performing  the  first  descending  quarter  of  the  circle,  the 
cranks  bring  the  frames  together  as  in  fig.  433.  They  begin  after  this  to  separate  in  de- 
scribing the  second  descending  quarter,  and  come  to  the  position _/ig.  434,  when,  continu- 
ing to  revolve,  they  move  further  from  each  other  in  describing  the  first  ascending  quarter 
of  the  circle,  and  arrive  at  the  position  where  the  distance  is  the  greatest ;  lastly,  they 
describe  the  second  ascending  quarter  returning  to  the  third  position.  If,  therefore,  a 
strick  of  flax  be  suspended  between  the  two  sets  of  combs  as  in^g.  433,  and  the  rotatory 
motion  be  continued  for  a  sufiicient  length  of  time,  the  flax  will  be  combed  in  the  whole 
length  which  is  submitted  to  the  actions  of  the  combs,  although  the  points  severally  have 
only  operated  in  a  very  small  space. 

Such  a  system  of  combs  or  heckles  would  make  a  very  good  and  simple  heckling  engine, 
if  it  were  not  for  the  inconvenience  experienced  by  the  points  dragging  some  of  the  fibres 
wilh  them  when  withdrawing  from  the  flax,  which  would  produce  a  great  waste  of  mate- 
rial ;  and  to  obviate  this  it  would  be  necessary  to  introduce  some  contrivance  for  clearing 
the  points,  which  must  be  attended  with  considerable  complication.  The  plan,  however, 
of  the  present  improved  engine,  affords  the  means  of  producing  the  same  effect  by  more 
simple  and  efficient  means. 

There  arc  two  series  of  combs,  see  fig.  435,  attached  to  two  moveable  frames  repre- 
sented at  a  and  b.  Each  frame  is  formed 
by  vertical  bars  a  b,  with  lateral  branches 
or  arms,  which  carry  the  heckle  points. 
The  branches  or  arms  are  parallel,  and  at 
equal  distances  apart,  but  fixed  in  such 
positions  in  each  frame  that  they  may  oc- 
cupy the  intervening  space  when  the  frames 
are  brought  together,  as  fig.  436.  The 
frames  are  put  in  motion  by  means  of  re- 
volving cranks  to  which  they  are  attached, 
as  shown  in^g.  436,  and  when  the  cranks 
turn  upon  their  axes,  the  branches  of  one 
frame  pass  between  those  of  the  other 
without  touching.  This  forms  what  may 
be  called  a  set  of  combs ;  but  one  of  the 
improved  machines  contains  two  such  sets, 
the  points  of  the  combs  of  one  set  being  opposed  to  the  points  of  the  combs  in  the  other  set. 
The  way  in  which  the  series  of  combs  that  compose  one  set  act  upon  the  flax,  is  shown 
in  the  side  view_^g.  435.  When  the  cranks  are  nearly  vertical,  the  points  of  botk  frames 
are  away  from  the  flax,  but  as  the  cranks  move  round  in  the  direction  of  the  arrows,  the 
frames  come  into  another  position,  and  it  is  then  that  the  points  or  heckles  of  one  of  the 
frames  a,  begin  to  penetrate  the  flax,  and  descending  they  comb  or  divide  its  fibres.  The 
rotation  of  the  cranks  continuing,  the  two  frames  a  and  b  come  into  the  position  shown 
at  fig.  435,  the  points  of  the  frame  a,  withdrawing  from  the  flax,  and  those  of  the  frame 
b,  approaching  and  pushing  the  fibres  off'  from  the  former,  which  are  now  combed  by  the 
descending  stroke  of  the  points. 

It  will  hence  be  perceived  that  as  the  combs  of  the  frame  a  and  b,  respectively  advance, 
they  will  push  forward  the  whole  of  the  strick  of  flax,  and  render  it  impossible  for  the 
fibres  to  be  raised  and  entangled,  as  each  frame  in  advancing  dear's  the  fibres  from  the 
points  which  preceded  it. 

A  single  set,  however,  of  such  coinbs  or  heckles  acting  only  on  one  side  of  the  flax, 
would  but  imperfectly  perform  the  operation  of  opening  its  fibres;  it  is  therefore 
necessary,  in  order  to  accomplish  the  desired  object  in  the  most  effectual  way,  that  two 
such  sets  of  combs  or  heckles  should  be  brought  to  act  on  opposite  sides  of  the  strick  of 
flax,  which  may  be  done  in  the  manner  shown  in  the  figures.  The  cranks  of  the  two 
opposite  sets  of  comb-frames  or  heckles  a  b,  and  c  d,  are  connected  by  a  pair  of  toothed 
wheels  e  /,  as  fig.  437,  or  by  four  toothed  wheels,  by  which  the  heckles  are  actuated  at 
once,  the  two  sets  moving  in  opposite  directions,  but  with  similar  speeds,  and  the 
combing  or  heckling  of  the  material  will  go  on  in  the  way  shown  in  the  figure  last 
indicated. 
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Thus  far  I  have  considered  only  two  frames  of  combs  or  heckles  constituting  a  set,  as 
actins;  upon  each  side  of  the  strick  of  flax  ;  but  in  order  to  perform  a  greater  quantity  of 
work,  several  sets  may  be  mounted  in  one  machine,  working  alongside  of  each  other,  ex- 
tending over  the  breadth  of  the  machine.  The  combs  may  then  be  supported  upon  three 
frames,  of  which  the  middle  one  may  have  branches  or  arms  extending  upon  both  sides, 
and  the  other  two  frames  branches  extending  inwards  only.  To  drive  the  frames  so  ar 
ranged  they  must  be  connected  to  treble  cranks. 

Such  is  the  principle  of  the  improved  machine  for  combing  or  heckling,  exhibited  in 
the  several  fisures  of  which  I  now  proceed  to  describe  the  particular  construction.  The 
machine  or  engine,  fig.  432,  has  four  sets  of  combs,  acting  both  at  the  back  and  front  of 
the  flax  ;  a  b  are  the  front  set  of  combs,  and  c  d  the  back  set  of  combs ;  eee,  are  the  clamps 
holding  the  stricks  of  flax  previously  scutched,  which  clamps  hang  upon  the  edge-rail. 
The  comb  frames  are  attached  at  top  and  bottom  to  the  cranks  gg,  which  are  all  connect- 
ed by  toothed  gear,  and  driven  by  a  band  and  rigger. 

The  cornhs  or  heckles  being  put  in  motion  in  the  way  described,  act  upon  the  sus- 
pended stricks  of  flax,  and  upon  their  fibres,  as  explained;  which  stricks  are  progressive- 
ly conducted  throush  the  machine  by  their  clamps  sliding  upon  the  edge-rail  through  the 
agency  of  the  endless  chain,  to  which  the  clamps  are  seA'erally  attached,  by  a  hook  falling 
into  one  of  the  links.  The  chain  is  driven  by  a  spur  wheel  upon  the  axle  of  a  bevel 
wheel,  which  receives  a  slow  rotatory  motion  through  a  bevel  pinion  on  the  axis  of  a 
similar  wheel,  actuated  by  another  pinion  on  the  end  of  the  upper  crank  axle.  By  these 
means,  clamps,  with  the  stricks  of  flax  placed  on  the  edge-rail,  are  slowly  carried  through 
the  machine,  when  the  flax  will  be  gradually  acted  upon  first  by  heckle  points  of  a  coarse 
kind,  set  wide  apart^  and  ultimately  by  finer  points  set  near  together ;  after  which,  the 
clamp  with  the  strick  of  flax  is  discharged  from  the  machine,  at  the  reverse  end  of  the  edge- 
rail.  But  should  the  workman  neglect  to  remove  the  holder  or  clamp,  when  it  arrives  at 
the  end  of  the  rail,  the  machine  would  be  stopped  by  means  of  a  jointed  lever,  having  a 
fork  at  its  end,  which  pushes  the  band  from  the  fast  rigger  on  to  the  loose  one,  and  throws 
off  the  driving  power. 

As  the  combs  or  heckles,  in  acting  upon  the  flax  to  divide  its  fibres,  tear  parts  of  the 
fibres,  and  reduce  them  into  tow,  the  downward  motion  of  the  heckles  brings  the  tow 
with  them  out  of  the  flax,  which  is  deposited  between  two  fluted  rollers  p  p,  fig.  432, 
and  is  by  them  conducted  down  to  the  large  drum  q,  where  it  becomes  lapped  in  two 
endless  sheets  round  the  periphery  of  the  drum;  the  one  of  coarse  tow,  the  other  of  fine, 
the  adhesion  being  assisted  by  a  pressing  roller  r ;  and  when  a  quantity  of  the  tow  has 
been  thus  accumulated  round  the  periphery  of  the  drum,  it  may  be  removed  thence  by 
cutting  it  off  in  sheets.  The  fluted  rollers,  and  also  the  large  drum,  are  driven  by  gear 
bands. 

After  the  strick  of  flax  has  been  thus  carried  through  the  scutching  machine  or  the 
heckling  machine,  the  jaws  of  the  clamps  are  to  be  opened,  the  ends  of  the  flax  reversed, 
and  the  strick  again  confined  in  the  clamps,  so  that  the  other  end  of  the  strick  may  be 
operated  upon  in  a  similar  way.  In  order  to  prevent  any  part  of  the  flax  from  attaching 
itself  to  llie  branches  of  the  moveable  frames,  each  frame  is  furnished  with  a  shield  or 
guard  of  polished  iron  or  brass  plate,  which  covers  a  part  of  the  combs  and  the  heads  of 
the  screws  by  which  they  are  fixed  to  the  branches.  When  the  plate  metal  is  bent  into 
the  form  of  a  shield,  it  is  slipped  on  to  the  branches  of  the  heckle  frames,  and  is  sufliicient- 
ly  elastic  to  hold  fast. 

But  it  is  to  be  observed,  that  the  edges  of  the  shields  are  to  vary  in  the  extent  of  their 
projection  according  to  the  situation  in  which  they  are  to  be  placed  ;  those  which  are  to 
shield  the  upper  branches  of  heckles  are  to  project  but  little,  so  as  to  leave  the  points  un- 
covered and  free  to  enter  the  strick  of  flax;  but  the  shields  of  the  lower  heckles  are  to 
project  considerably  over  the  points,  to  prevent  them  from  penetrating  too  far  into  the 
fibres,  which  is  so  contrived  for  the  purpose  of  facilitating  the  falling  of  the  tow,  which 
would  otherwise  be  with  difficulty  removed  from  the  lower  combs,  were  it  thrust  upon 
the  whole  length  of  the  points. 

It  being  advantasreous  that  each  strick  of  flax  should  be  combed  near  the  lower  extremi- 
ties before  the  middle  is  acted  upon,  it  is  necessary,  in  order  to  obtain  this  effect,  to  re- 
move some  of  the  points  of  the  combs  in  the  upper  branches.  By  these  means,  the  oper- 
ation of  the  heckles  upon  the  flax  begins  and  proceeds  gradually,  and  ceases  at  the  oppo- 
site extremity  of  the  machine  in  the  same  gradual  way,  which  is  very  advantageous  in 
clearing  completely  the  flax  from  the  tow. 

IV.  Flax-spinmn^. — If  we  compare  flax  with  other  spin n ins;  materials,  such  as  wool 
and  cotton,  we  shall  find  it  to  possess  several  characteristic  properties.  While  cotton 
and  wool  are  presented  by  nature  in  the  form  of  insulated  fibres,  the  former  requiring 
merely  to  be  separated  from  its  seeds,  and  the  latter  to  be  purified  from  dirt  and  grease 
before  being  delivered  to  the  spinner,  flax  must  have  its  filaments  separated  from  each 
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other  by  tedious  and  painful  treatment.  In  reference  to  the  spinning  and  the  subsequent 
operations,  the  following  properties  of  flax  are  influential  and  important : — 

1.  The  considerable  length  of  the  fibres,  which  renders  it  difficult,  on  the  one  hand, 
to  form  a  fine,  level,  regular  thread,  on  the  other,  gives  the  yarn  a  considerably  greater 
tenacity,  so  that  it  cannot  be  broken  by  pulling  out  the  threads  from  each  other,  but  by 
tearing  them  across. 

2.  The  smooth  and  slim  structure  of  the  filaments,  which  gives  to  linen  its  peculiar 
polished  aspect,  and  feel  so  different  from  cotton,  and  especially  from  woollen  stuffs,  unless 
when  disguised  by  dressing.  The  fibres  of  flax  have  no  mutual  entanglement,  whereby 
one  can  draw  out  another  as  with  wool,  and  they  must  therefore  be  made  adhesive  by  mois- 
ture.    This  wetting  of  the  fibres  renders  them  more  pliant  and  easier  to  twist  together, 

3.  The  small  degree  of  elasticity,  by  which  the  simple  fibres  can  be  stretched  only  one 
twenty-fifth  of  their  natural  length  before  they  break,  while  sheep's  wool  will  stretch  from 
one  fourth  to  one  half  before  it  gives  way. 

Good  flax  should  have  a  bright  silver  gray  or  yellowish  color  (inclining  neither  to 
green  nor  black) ;  it  should  be  long,  fine,  soft,  and  glistening,  somewhat  like  silk,  and 
contain  no  broad  tape-like  portions,  from  undissevered  filaments.  Tow  differs  from 
flax  in  having  shorter  fibres,  of  very  unequal  length,  and  more  or  less  entangled. 
Hemp  agrees  in  its  properties  essentially  with  flax,  and  must  be  similarly  treated  in  the 
spinning  processes. 

The  manufacture  of  linen  and  hemp  yarn,  and  the  "tow  of  either,  may  be  effected  by 
different  processes  ;  by  the  distaff,  the  hand-wheel,  and  spinning  machinery.  It  will  be 
unnecessary  to  occupy  the  pages  of  this  volume  with  a  description  of  the  first  two  well 
known  domestic  employments.  I  shall  therefore  proceed  directly  to  describe  the  last 
method,  or 

Spinning  of  Flax  by  Machinery.  — This  branch  of  manufacture  has  been  much  more 
recently  brought  to  a  practical  state  than  the  spinning  of  cotton  and  wool  by  machines, 
of  which  the  cause  must  be  sought  for  in  the  nature  of  flax  as  above  described.  The 
first  attempts  at  the  machine  spinning  of  flax,  went  upon  the  principle  of  cutting  the 
filaments  into  short  fragments  before  beginning  the  operation.  But  in  this  way  the  most 
valuable  property  of  linen  yarn,  its  cohesive  force,  was  greatly  impaired  ;  or  these  attempts 
were  restricted  to  the  spinning  of  tow,  which  on  account  of  its  short  and  somewhat 
tortuous  fibres,  could  be  treated  like  cotton,  especially  after  it  had  been  further  torn  by 
the  carding  engine.  The  first  tolerably  good  results  with  machinery  seem  to  have  been 
obtained  by  the  brothers  Girard  at  Paris,  about  the  year  1810.  But  the  French  have 
never  carried  the  apparatus  to  any  great  practical  perfection.  The  towns  of  Leeds  in 
Yorkshire,  of  Dundee  in  Scotland,  and  Belfast  in  Ireland,  have  the  merit  of  bringing  the 
spinning  of  flax  by  machines  into  a  state  of  perfection  little  short  of  that  for  which  the 
cotton  trade  has  been  so  long  celebrated. 

For  machine  spinning,  the  flax  is  sometimes  heckled  by  hand,  and  sometimes  by  ma- 
chinery.    The  series  of  operations  is  the  following:  — 

1.  The  heckling. 

2.  The  conversion  of  the  flax  into  a  band  of  parallel  rectilinear  filaments,  which  forms 
the  foundation  of  the  future  yarn. 

3.  The  formation  of  a  sliver  from  the  riband,  by  drawing  it  out  into  a  narrower  range 
of  filaments. 

4.  The  coarse  spinning,  by  twisting  the  sliver  into  a  coarse  and  loose  thread. 

5.  The  fine  spinning,  by  the  simultaneous  extension  and  twisting  of  that  coarse  thread. 
The   spinning  of  tow   requires  a  different  treatment :    we    shall    first    treat   of  the 

heckling  of  flax  by  machines;  and  secondly,  of  the  mechanical  spinning  of  flax.  The 
mechanical  carding  and  si)inning  of  tow  are  very  similar  to  those  of  cotton  ;  which  see. 
Though  machine  heckling  be  far  from  perfect,  yet  the  tow  it  throws  ofi"  can  be  spun 
into  very  good  yarn  by  machines,  while  it  would  afibrd  very  indifferent  yarn  to  the  hand 
spinner. 

All  heckle  machines  have  this  common  property,  that  the  flax  is  not  drawn  through 
them,  as  in  working  by  hand,  but,  on  the  contrary,  the  system  of  heckles  is  moved  through 
the  flax  properly  suspended  or  laid.  Differences  exist  in  the  shape,  arrangement,  and 
movements  of  the  heckles,  as  also  in  regard  to  the  means  by  which  the  adhering  tow  is 
removed  from  them.  The  simplest  and  most  common  construction  is  to  place  the 
heckles  upon  the  surface  of  a  horizontal  cylinder,  while  the  flax  is  held  either  by  me- 
chanical means  or  by  the  hand  during  its  exposure  to  the  heclcle  points.  Many 
machines  have  been  made  upon  this  principle.  It  is  proper  in  this  case  to  set  the  heckle 
teeth  obliquely  in  the  direction  in  which  the  cylinder  turns,  whereby  they  penetrate 
the  fibres  in  a  more  parallel  line,  effect  their  separation  more  easily,  and  cause  less  waste 
in  torn  filaments.  To  conduct  the  flax  upon  the  cylinders,  two  horizontal  fluted  rollers 
of  iron  are  employed,  which  can  be  so  modified  in  a  moment  by  a  lever  as  to  present 
the  flax  more  or  less  to  the  heckling  mechanism.     The  operator  seizes  a  tress  lock  of 
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flax  with  her  hand  and  introduces  it  between  the  flwted  roi'^rs,  so  that  the  tips  on  which 
the  operation  raast  begin,  reach  the  heckles  first,  and  by  degrees  the  advancing  flax  gets 
heckled  through  two  thirds  or  three  fourths  of  its  length,  after  which  the  tress  or  strickis 
turned,  and  its  other  end  is  subjected  to  the  same  process.  By  its  somewhat  rapid  revo- 
lution the  heckle  cylinder  creates  a  current  of  air  which  not  only  carries  away  the  boomy 
particles,  but  also  spreads  out  the  flax  like  a  sheaf  of  corn  upon  the  spikes,  effecting  the 
same  object  as  is  done  by  the  dexterous  swing  of  the  hand.  The  tow  collects  betwixt  the 
teeth  of  the  heckle,  and  may,  when  its  quantity  has  become  considerable,  be  removed  in 
the  form  of  a  flock  of  parallel  layers. 

The  essential  parts  of  such  a  construction  will  be  understood  from  fig.  438,  though  the 
fluted  rollers  are  absent.  The  flax  o,  b,  is  held  by  the  hand,  or  in  a  kind  of  clamp. 
The  cylinder  is  partly  covered  with  a  curvilinear  plate  of  iron  c,d,  which  serves  to  sus- 
tain the  flax,  and  to  guide  it  in  circular  tresses  round  the  periphery  of  the  heckle.  At  the 
beginning  it  is  placed  near  b,  when  the  tips  of  the  flax  are  only  presented  to  the  heckles  ; 
during  the  working  the  shield  is  continually  drawn  back  in  the  direction  from  d  to  c,  and 
thus  lets  the  operation  be  performed  upon  the  remaining  part  of  the  flax. 


First  operation  ;  the  conversion  of  flax  into  ribands  or  slivers. — This  is  effected  by  sub 
jecting  the  flax  to  aseriesof  advancing  gills  or  heckle-teeth,  and  at  the  same  time  drawing 
out  its  fibres  by  means  of  rollers.     Figs.  439,  440,  441,  show  the  outline  of  the  con- 
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struction  of  a  machine  for  this  purpose.  Here  two  rows  of  heckles  are  placed  alongside 
of  each  other,  though  only  one  of  them  he  shown  in  the  ground  plan,_/ig.  440,  in  order  to 
allow  the  parts  beneath  the  other  to  be  seen.  The  flax  is  placed  in  the  sheet  iron 
channels  a  a,  by  laying  down  one  handful  after  another,  so  that  the  points  of  the  second 
strick  reach  to  only  the  middle  of  the  first,  and  thus  preserve  a  uniformity  of  thickness 
in  the  feeding.  This  process  is  necessary,  since,  as  every  one  knows,  the  heckled  stricks 
are  always  thick  in  the  middle,  and  thin  at  the  ends.  The  flax  being  introduced  between 
the  rollers  b  and  c,  is  drawn  out  by  their  agency,  and  at  the  same  time  subdivided  by  the 
heckles  d,  between  whose  teeth  ihe  pins  of  the  roller  e  press  it  down.  At  the  rollers 
/3  it  is  loosened  from  the  heckles  by  the  transverse  bars  which  rise  from  the  springs  g, 
after  which  it  is  seized  by  the  rollers  h  i,  and  drawn  again.  A  little  beyond  these  rollers, 
it  runs  through  a  funnel  /,  in  order  to  gather  the  fibres  together;  in  front  of  these  rollers 
the  slivers  from  both  rows  of  heckles  are  united,  and  proceed  in  one  riband  through  ihat 
polished  brass  funnel ;  the  rollers  m  n  extend  this  riband,  pressing  it  gently  together, 
and  then  let  it  fall  into  a  tin  can.  The  union  of  the  two  slivers  contributes  to  the 
uniformity,  since  the  irregular  thicknesses  are  thereby  compensated.  The  diameter  of 
the  roller  c,  is  equal  to  that  of  each  of  the  cylinders  /,  /i,  /s,  /3;  and  the  whole  five 
move  with  equal  velocity.  The  same  correspondence  exists  between  the  rollers  n  and  i. 
Thus  the  sliver  of  flax  is  not  stretched  either  by  its  passage  from  e,  upon  the  heckles, 
nor  between  i  and  n,  but  solely  in  passing  from  the  heckles  to  the  rollers  i  h.  The 
heckle  teeth  of  this  machine  do  not  stand  perpendicularly,  but  are  bent  somewhat 
backwards ;  so  as  to  retain  the  flax  more  firmly.  The  revolving  cylindrical  brush  o, 
is  placed  over  and  a  little  in  front  of  the  pressing  roller  h,  in  order  to  take  ofl'  all  the 
filaments  of  flax  adhering  to  their  circumference,  and  to  toss  them  onwards  where  they 
may  again  unite  with  the  slivers.  For  the  sake  of  perspicuity,  the  rollers  h,  and  those 
brushes  are  left  out  in  fig.  440,  but  the  latter  are  particularly  shown  in  fig.  442,  while  a 
portion  of  their  axis  q,  is  however  shown  in  fig.  440.  The  pressure  of  the  cjlinder  h, 
upon  the  cylinder  i,  is  produced  by  the  weight  r,fig.  439,  which  hangs  upon  the  lever  *  ; 
the  lever  pulls  down  at  t,  a  vertical  rod,  whose  upper  hook-shaped  end  embraces  the  axis 
of  h  in  the  middle  of  its  length. 

Second  principal  operation;  the  formation  of  rovings. — Mr.  Wordsworlh's  improve- 
ments in  machinery  for  preparing,  drawing,  and  roving  flax,  hemp,  wool,  and  other  fibrous 
substances,  consists  in  a  novel  contrivance  or  mechanism  to  be  adapted  to  the  machine 
commonly  called  the  gill,  employed  for  preparing,  drawing,  and  roving  flax  and  hemp, 
and  for  combing  and  spinning  long  wool;  which  improvements  allow  the  points  of  the 
travelling  heckles  to  continue  longer  in  operation  than  in  the  ordinary  construction  of 
gill,  and  cause  the  heckle  points  to  be  withdrawn  from  the  fibres  at  the  end  of  the  stroke 
without  the  possibility  of  their  drawing  the  fibres  down  with  them. 
The  manner  of  effecting  this  object  will  be  seen   by  reference  to  the  several  figures 

which  exhibit  a  gill  on  this 
improved  plan  in  different 
views.  Fig.  443  is  a  plan  or 
horizontal  view,  exhibiting  the 
upper  surface  of  the  machine ; 
and  fig.  444  is  a  longitudinal 
section  taken  through  the  mid- 
dle of  the  machine  :  fig.  445 
is  a  representation  of  the  front 
of  the  machine,  but  in  which 
several  parts  have  been  re- 
moved to  show  the  action  of 
the  heckles  more  perfectly. 

The  several  heckles  a  a  a 
are  formed  by  a  series  of 
needles  or  heckle  points  set 
into  a  metal  bar,  as  represent- 
ed on  an  enlarged  scale  in 
figs.  446  and  447.  These 
bars  are  each  of  them  sus- 
pended in  a  frame  or  carriage 
6  6  6  (shown  in  two  views  at  figs.  448  and  449),  by  means  of  double  jointed  levers  c  c, 
seen  in  two  positions,  at  figs.  450  and  451 ;  the  heckle  bar,  its  levers  and  carriage  or 
frame,  being  shown  put  together  in  figs.  452  and  453. 

When  the  heckles  are  in  operation,  the  points  are  raised,  as  in  fig.  445  ;  but  when 
they  are  withdrawn  from  the  fibres,  then  the  points  are  sunk  down  into  the  carrying 
frames,  as  fig.  453. 

These  two  positions  of  the  heckles  are  produced  by  the  knobs  or  parts  d,  that  project 
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from  the  jointed  levers  c,  acting  against  the  edges  of  guide  bars,  which  will  be  explainea 
in  describing  the  operations  of  the  machine.  ^^^    ^^^^^^^    ^^^^^^^   ^^^ 

adapted  and    made   to  work 
in  the  machine  by  attaching 
the    ends  of    the   respective 
frames    or    carriages    b,    to 
travelling  endless  chains  e,  e, 
seen  in  Jigs.  443,  444,  and 
445.     These  endless    chains 
pass  over  fluted  guide  rollers 
/  /,  seen  best  in  figs.  444 
and  445,  and  over  horizontal 
bars  g  g,  seen  best   in  figs. 
443  and  444.      The   chains 
with  the  heckles  are  driven 
through  the  machine  by  ro- 
tatory spur  wheels  h  h ;  see 
figs.  443   and  444,  the  teeth 
of  which  take  into  the  spaces 
between  the  cylindrical  parts 
of  the  several  heckle  carriages 
b   b,  and  consequently  drive 
the    heckles    forward ;     and 
these  spur  wheels  are  actu- 
ated   by   a    train   of  toothed 
gear    from    the   first    driving 
shaft  i,  which  gives  motion 
to  all  the  operative  parts  of 
the  machine. 

If  flax,  hemp,  long  wool, 
or  other  fibrous  material,  be 
passed  into  the  machine  at  the 
back  part  by  a  feeding  cloth 
or  creeper  through  a  guide 
k,  best  seen  in  figs.  443  and 
444,  and  be  conducted  under 
and  over  the  feeding  rollers 
I,  m,  and  n,  and  over  the 
heckles  a  a  a  to  the  drawing 
rollers  o  and  p,  and  thence  to 
the  flier  and  bobbin,  or  to  a 
receiving  can,  the  fibres  will 
be  opened  in  their  progress, 
and  combed  by  the  points  of 
the  heckles  entering  into  and 
separating  the  fibres,  the  ma- 
terial being  drawn  by  a  dif- 
ferent speed  to  that  with 
which  the  heckles  travel. 

This  operation  of  prepar- 
ing, drawing,  and  roving  flax 
and  hemp,  and  the  general 
construction  of  a  machine  of 
this  kind  being  well  under- 
stood, it  is  not  necessary  to 
explain  its  details,  excepting 
as  respects  those  parts  which 
constitute  the  present  im- 
provements. 

It  will  he  perceived,  by 
reference  to  fig".  443  and 
444,  that  the  knobs  d,  which 
project  from  the  jointed  levers 
c,  as  they  travel  along  the  ma- 

^ chine,  bear  against  the  cuter 

edges  of  the  two  fixed  guide  bars  g  q  that  extend  along  the  top  of  the  machine  above 
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the  heckles,  which  keep  the  heckle  points  raised,  as  in  Jig.  451.  This  will  also  be  very 
evidently  seen  in  the  front  view  of  the  machine,  yig'.  445,  where  the  upper  heckle  bar  a 
is  raised  in  its  carriage  b,  by  the  knobs  d  d  bearing  against  the  outer  edges  of  these 
guide  bars,  q  q.  But  when  the  endless  chains  e  e,  which  support  and  conduct  the  frames 
or  carriages  of  the  heckles,  have  advanced  the  heckle  points  to  within  a  very  little  dis- 
tance of  the  drawing  rollers  (seefis;.  444),  then  the  knob  d  of  the  jointed  levers  at  each 
end  of  the  heckle  bar  passes  the  ends  of  the  guide  bars  q  q,  and  they  immediately  come 
in  contact  with  two  inclined  planes,  rr,  seen  injigs.  443  and  444,  which  instantly  depress 
the  levers  c,  and  consequently  cause  the  heckle  bar  a,  with  its  points,  to  descend  in  the 
frame  or  carriage  b,  withdrawing  the  points  from  the  fibres  of  the  material  almost  in  a 
perpendicular  direction. 

The  heckles  that  have  become  thus  depressed  pass  with  their  carriages  by  the  travers- 
ing of  the  endless  chains  along  the  under  part  of  the  machine,  and  when  they  arrive  at 
the  back,  and  begin  to  rise,  the  guide  bars  q  q,  being  at  their  commencement  slightly  bent, 
conduct  the  knobs  b  of  the  levers  c  until  they  are  forced  back  into  the  positions  first 
described,  whereby  the  heckle  points  are  raised,  as  they  come  to  the  upper  part  of  the 
machine  into  effective  operation.  The  fibres  of  material  operated  upon,  after  passing 
through  the  drawing  process  between  the  rollers,  may  be  roved,  twisted,  or  spun,  by  the 
employment  of  a  bobbin  and  flier,  as  shown  Jig.  444,  or  may  be  delivered  into  a  can,  to 
be  roved,  twisted,  or  spun,  by  other  machinery,  by  substituting  a  pair  of  conducting 
rollers  instead  of  the  bobbin  and  flier,  which  shall  conduct  the  sliver  of  material  into  a 
tin  can  below. 

The  descent  of  the  heckles  a  into  their  frames  b,  by  the  falling  of  the  levers  c  c,  pre- 
cludes the  possibility  of  the  flbres  of  the  material  operated  upon  being  carried  down 
under  the  machine  by  the  points,  as  frequently  happens  in  gill  machines  of  the  ordinary 
construction  ;  and  this  mode  of  mounting  the  heckles  and  traversing  them  with  the 
assistance  of  the  guide  bars  q  q,  and  inclined  planes  r  r,  allows  the  heckle  points  to  be 
brought  much  nearer  to  the  drawing  rollers  op,  by  means  of  the  metal  bars  in  which 
the  heckle  points  or  needles  are  set,  falling  below  the  centre  of  the  endless  chain  e  e, 
as  shown  in_^g*.  443  and  444,  and  thereby  aflTords  the  means  of  preparing,  drawing,  and 
roving  various  qualities  of  flax,  hemp,  wool,  and  other  fibrous  materials,  particularly 
such  as  have  a  much  shorter  staple  than  any  fibrous  materials  hitherto  operated  upon  in 
gill  machinery. 

Another  most  ingenious  and  effective  improvement  made  of  late  years  in  the  flax 
spinning  machinery,  is  that  patented  by  Messrs.  Westley  and  Lawson,  in  August,  1833, 
ami  since  then  introduced  into  practice  with  great  advantage.  It  applies  to  the  gill  or 
mechanism  employed  for  opening,  straightening,  and  separatmg  the  fibres  of  flax, 
hemp,  and  long  wool,  in  the  operation  of  slivering.  The  peculiar  feature  here  is  a 
method  of  driving  the  heckle  bars  through  the  gill  machine  by  means  of  perpetual 
screws  or  worm  shafts,  instead  of  by  chains  and  spur  wheels,  as  in  the  former  con- 
structions. 

The  heckle  bars  which  lie  across  the  machine  are,  by  the  present  patentees,  supported 
at  their  ends  by  fixed  horizontal  guide  rails,  on  which  they  slide,  while  the  extremities 
of  the  heckle  bars  are  inserted  in  the  helical  grooves  of  the  worm  shafts,  which  are 
placed  in  horizontal  positions  at  the  sides  of  the  machine;  and  hence  the  rotatory  motions 
given  to  these  screw  shafts  cause  the  heckle  bars  to  be  driven  along  the  guide  rails  with 
a  uniform  simultaneous  movement. 

The  heckle  bars  having  performed  their  usual  office,  that  is,  having  combed  and  sepa- 
rated the  fibres  of  the  material  as  they  move  onward,  are  at  the  fiont  part  of  the 
machine  depressed  and  put  out  of  operation  by  means  of  rotatory  cams  ;  and  by  the  assist- 
ance of  guide  levers,  each  heckle  bar,  when  it  arrives  at  the  end  of  the  upper  horizontal 
guide  rail,  is  conducted  down  to  the  lower  horizontal  guide  rails,  where  the  extremities 
of  the  comb-bars  falling  into  the  helical  grooves  of  a  lower  pair  of  worm  shafts,  revolv- 
ing in  an  opposite  direction  to  the  former,  thereby  give  the  heckle  bars  a  retrograde 
movement.  When  they  arrive  at  the  back  end  of  their  horizontal  guide  rails,  they  are, 
by  similar  rotatory  cams,  raised  again  to  the  upper  horizontal  guide  rails,  which  coming 
into  gear  with  the  upper  worm  shafts,  are  moved  onwards  as  at  first. 

By  this  means  a  succession  of  heckles  is  continually  advancing  upon  the  upper  guide 
rails,  having  their  points  in  constant  operation  between  the  fibres  of  the  textile  materials, 
while  their  vertical  position  is  secured  during  their  whole  course. 

Fig.  454  is  a  horizontal  representation  of  a  gill  machine,  showing  the  present  im- 
provements ;  but  some  of  the  upper  portions  of  the  machine  are  removed,  to  let  the  work- 
ing parts  be  seen  more  clearly.  Fig,  455  is  a  side  view  of  the  gill;  and  fig.  456  a  verti- 
cal section  taken  longitudinally.  The  driving  rigger  or  pulley  a  is  fixed  upon  the  front 
roller  b,  commonly  called  the  drawing  roller,  because  when  pressed  upon  by  the  upper 
wooden  roller  c,  it  draws  out  the  fibres  between  them.  The  rollers  d,  e,  f,  are  the  ordi- 
nary back  or  holding  rollers,  for  retaining  the  fibres,  while  they  suffer  powerful  traction 
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by  the  rollers  b,  c,  over  the  needles  or  points  of  the  heckle  bars.      The  upper  guide  rail 
above  mentioned,  upon  which  the  heckle  bars  slide,  is  shown  at  g,  in  Jig.  456,  and  the 

454 


lower  guide  rail  at  h  ;  the  series  of  heckle  bars  with  their  needles  are  represented  at 
i  i  i  i  i  i-  the  upper  worm  shafts  k,  k,  are  mounted  in  brackets  made  fast  to  the  sides 
'''■''  of  the  frame ;  a   similar  pair  of  worm 

455  shafts  I,  being  mounted  in  like  manner 

below.  These  worm  shafts  fc  and  I,  on 
each  side  are  connected  together  by 
toothed  wheels  m,  and  upon  the  axles 
of  the  lower  worm  shafts,  bevelled  pin- 
ions n  are  fixed,  which  take  into  cor- 
responding bevel  pinions  on  the  trans- 
verse shaft  or  axle  o.  This  shaft  o, 
being  connected  by  a  train  of  toothed 
wheel  work  with  the  axle  of  the  draw- 
ing roller  b,  as  shown  in  figs.  454  and 
455,  the  rotation  of  the  roller  b,  causes 
the  shaft  o  to  turn  also,  and  the  bevel 
gear  n  and  o,  produces  the  rotatory 
motion  of  the  worm  shafts  7c  and  I, 
which  turn  in  contrary  directions. 

It  will  be  seen,  from  fig.  454,  that 
the  ends  of  the  heckle  bars  i,  have  nibs 
or  projections  which  fall  into  the 
grooves  of  the  screw  or  worm  shaft, 
and  that  being  supported  below,  upon 
their  guide  rails,  as  the  worm-shafts  kk 
revolve,  the  upper  range  of  heckle  bars 
will  be  progressively  advanced  towards 
the  front  part  of  the  machine.  By  re- 
ferring to  fig.  456  it  will  be  perceived, 
that  as  each  heckle  bar  arrives  at  the 
front  end  of  the  guide  rail  g,  a  finger  p, 
called  a  tappet  or  cam,  on  the  shaft  k, 
strikes  it  down  to  the  lower  guide  rails 
h ;  and,  in  order  that  its  descent  may 
be  truly  vertical,  weighted  levers  q  g,  in 
front,  are  made  to  press  against  the  face 
of  the  heckle  bar  as  it  descends.  This 
bar  having  now  arrived  at  the  lower  guide  rails  h,  lets  fall  its  nibs  into  the  grooves  of 
the  lower  worm  shafts  I,  by  whose  rotation  the  heckle  bar  is  made  to  retrogade,  or  re- 
turn towards  the  back  of  the  machine.  When  the  heckle  bar  has  reached  the  hinder  end 
of  the  guide  rail  h,  a  finger  or  tappet,  r,  on  the  lower  worm-shaft,  comes  under  it  and 
raises  the  heckle  bar,  guided  by  the  back-weighted  levers  s,  as  shown  in  fig.  456,  till  it 
is  elevated  to  the  level  of  the  upper  guide  rail  g ;  wheij  the  threads  of  the  upper  worm, 
shafts  take  hold  of  its  nibs  as  before,  and  conduct  it  forward  upon  the  guide  rail  in  th« 
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way  already  described.     Thus  the  continued  rotation  of  the  worm   shafts  k  k  and  I  J,  i 
causes  the  whole  series  of  heckle  bars  to  travel   along  the  guide  rails,  and  the  tappets 
p  and  r,  by  alternately  depressing  and  raising  them  at  the  ends  of  the  said  rails,  cause 
them  to  move  in  a  regular  circuit,  yet  so  as  to  preserve  their  verticality. 

The  claim  made  under  this  patent  is  for  every  mode  in  which  screw  or  worm  shafts 
may  be  adapted  to  conduct  the  bars  carrying  the  needles  or  heckle-teeth  through  a 
machine  for  preparing,  drawing,  or  roving  textile  fibres. 

In  December,  1835,  Messrs.  Hope  and  Dewhurst  obtained  a  patent  for  improvements 
in  the  manufacture  of  flax,  which  deserve  notice.  These  are  of  both  a  chemical  and 
mechanical  nature.  The  first  consists  in  steeping  the  flax  in  dilute  sulphuric  acid,  of  a 
certain  strength,  and  for  a  certain  time,  proportioned  to  the  quality  of  the  fibres,  the 
coarser  requiring  the  stronger  application.  By  this  means  the  gummy  matter  and  the 
outer  shell  will  be  loosened  and  easily  detached.  It  is  then  to  be  passed  between  squeez- 
ing rollers,  afterwards  well  washed,  boiled  in  a  solution  of  soap  and  water  for  a  few 
hours,  and  finally  passed  again  through  the  rollers.  These  processes  may  be  repeated 
till  the  flax  acquires  the  desired  glossiness  and  separation  of  fibres.  It  is  next  to  be 
beaten,  and  passed  once  or  twice  over  an  ordinary  heckle  or  stiff  brush. 

The  second  part,  or  the  me- 
chanical, is  represented  by  the 
figures  457,  458,  459,  460,  and 
461.  Fig.  457  is  a  sectional 
elevation  in  part  of  the  con- 
struction of  the  spindle,  bobbin, 
and  flier,  proposed  for  spin- 
ning all  kinds  of  flax  or  hemp. 
Fig.  458  answers  for  spinning 
coarser  yarns ;  fig.  459  shows 
how  yarns  are  to  be  spun  for 
weft,  and  wound  upon  what  is 
called  a  "  pin  cop  bobbin." 

a  a  a  is  the  stationary  or 
fixed  spindle  of  the  ordinary 
throstle  frame,  which  is  sur- 
rounded by  the  tube  b  b,  and 
connected  to  the  wharve  or  pul- 
ley c,  by  which  the  flier  d  is 
driven.  The  flier  is  furnished 
with  guides  or  conductors,  e  e, 
which  lead  the  yarn  immedi- 
ately to  the  bobbin  ;  this  flier  is  also  provided  with  a  small  central  shaft  which  supports  it, 
and  runs  in  the  small  cup  or  recess  at  the  top  of  the  stationary  spindle  a,  and  is  fixed  with 
the  flier  to  the  tube  6  b,  which  is  altogether  carried  round  or  driven  by  the  wharve  c. 

It  will  be  seen  hy  fig.  460  that  the  wharve  c  and  tube  b  are  connected  at  bottom 
by  a  half-lap  coupling  joint  or  clutch ;  this  is  for  the  purpose  of  allowing  the  tube  b  to  be 
slidden  up  the  spindle,  and  more  readily  removing  the  bobbin  when  it  is  full  of  yarn, 
without  stopping  the  frame,  or  removing  the  band  from  the  wharve  c,  the  tube  of  which 
rims  in  the  step  or  cup  h,  fixed  upon  the  bolster  rail  near  the  bottom  of  the  throstle  frame. 
The  traversing  of  the  bobbin  or  the  copping  motion  is  efl'ected  exactly  in  the  same  man- 
ner as  in  ordinary  throstles,  that  is,  by  the  lifting  and  lowering  of  the  copping  rail  i, 
which  in  this  instance  supports  the  bobbin.  In  fig.  458  the  flier  is  constructed  of  twice 
the  length  of  the  bobbin,  to  allow  this  to  rise  and  fall  freely  within  it,  and  is  connected 
at  lop  by  a  slight  cross  piece,  for  the  purpose  of  preventing  the  arms  of  the  flier  from 
expanding  by  the  centrifugal  force,  when  turning  with  great  velocity.  The  flier  for  spin- 
ning coarse  numbers  requires  to  have  an  inner  tube,  k,  to  support  the  spindle.  The 
bobbins  are  supported  upon  a  washer,  1 1.  The  spindle  is  allowed  to  revolve  in  a  slight 
degree  by  the  friction  of  the  drag-weight  m  m.  This  weight  has  a  hole  formed  in  it 
with  a  flat  side,  as  shown  in  fig.  461. 

Flax  has  been  for  a  long  period  spun  wet  in  the  mills ;  a  method  no  doubt  copied 
from  the  practice  of  housewives  moistening  their  yarn  with  their  saliva  at  the  domestic 
wheel.  Within  a  few  years  the  important  improvement  has  been  introduced  of  sub- 
stituting hot  for  cold  water,  in  the  troughs  through  which  the  fibres  in  the  act  of 
spinning  pass.  By  this  means  a  much  finer,  smoother,  and  more  uniform  thread  can 
be  spun  than  in  the  old  way.  The  flax  formerly  spun  to  twelve  pounds  a  bundle  is, 
with  hot  water,  spun  to  six.  The  inconvenience  of  the  spray  thrown  from  the  yarn  on 
the  fliers  remains,  aggravated  by  increased  heat  and  dampness  of  the  room  where  this 
hot  process  goes  on.  Being  a  new  expedient,  it  receives  daily  changes  and  ameliora- 
tions.   When  first  employed,  the  troughs  of  hot  water  were  quite  open ;  they  are  now 
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usually  covered  in,  so  as  almost  entirely  to  obviate  the  objections  to  which  they  were 
previously  liable.  With  tlie  covers  has  been  also  introduced  a  new  method  of  piecening 
or  joining  on  any  end,  which  may  have  been  run  down,  namely,  by  splicing  it  to 
the  adjoining  roving,  whereby  it  is  carried  through  the  water  without  imposing  a 
necessity  on  the  spinner  to  put  her  hand  into  the  water  at  all.  In  some  places  she 
uses  a  wire,  for  the  purpose  of  drawing  through  the  end  of  the  roving  to  mend  a  broken 
yarn. 

This  may  be  considered  the  inherent  evil  of  flax-spinning, — the  spray  thrown  off  by 
the  wet  yarn,  as  it  whirls  about  with  the  flier  of  the  spindles.  A  working  dress,  indeed, 
is  generally  worn  by  the  spinners;  but,  unless  it  be  made  of  stuff  impermeable  to  water, 
like  Mackintosh's  cloth,  it  will  soon  become  uncomfortable,  and  cause  injury  to  health  by 
keeping  the  body  continually  in  a  hot  bath.  In  some  mills,  water-proof  cloth  and  leather 
aprons  hav-e  actually  been  introduced,  which  are  the  only  practicable  remedy  ;  for  the 
fiee  space  which  must  be  left  round  the  spindles  for  the  spinner  to  see  them  play,  is  in- 
compatible with  any  kind  of  fixed  guard  or  parapluie. 

There  was,  bffore  the  late  Factory  Bill  passed,  a  class  of  very  young  children 
employed  in  the  flax  mills,  under  the  name  of  little  dofl'ers,  forming  generally  a  troop  of 
from  four  to  ten  in  each  spinning-room,  who,  the  moment  they  perceived  the  bobbins  of 
any  frame  or  side  of  a  frame  exhausted  of  roving,  ran  together,  and  furnished  it  with 
full  ones  as  quickly  as  possible.  They  were  not  numerous  in  all,  but  they  had  an  occu- 
pation requiring  a  great  activity  and  attention.  It  was  practised  also  in  the  fine  spin- 
ning-rooms, which  are  perfectly  free  from  dusi ;  and,  as  it  involved  a  kneeling  and 
stooping  position,  seemed  peculiarly  appropriate  to  children,  and  is  still  done  by  them  at 
a  somewhat  more  advanced  age. 

The   adjoining  Jig.  462  will   serve   to   explain   the   mechanism   by  which   the   fine 
462  spinning  of  flax  is  performed.    The 

front  pair  of  drawing  rollers  repre- 
sented at  F  was  at  one  time  moist- 
ened by  letting  water  trickle  upon 
it,  from  a  vessel  b,  furnished  with 
a  stopcock  placed  a  little  above, 
or  by  immersing  one  half  of  the 
under-roller  in  the  water-trough  as 
at  A.  The  roller  pair  c,  which 
receives  the  fine  rovings  from  bob- 
bins placed  on  skewers  or  upright 
pins  in  the  creel  behind,  is  so 
mounted  as  to  be  fixed  at  any 
desired  distance  from  the  front  roll- 
ers F.  This  distance  should  be 
always  a  little  more  than  the  ave- 
rage length  of  the  filaments  of  the 
line;  for  if  it  were  equal  to  it,  they 
would  be  seized  at  both  ends  by  the 
two  pairs  of  rollers,  which  move 
with  different  velocities,  and  would 
be  torn  asunder,  instead  of  being 
drawn  out  alongside  of  each  other. 
The  front  rollers,  indeed,  move  in 
many  such  machines  four  times 
faster  than  the  back  pair.  The  rest 
of  this  flax-spinning  apparatus  re- 
sembles in  every  respect  the  throstle 
frame  of  the  cotton-spinner.  The 
thread,  as  it  escapes  from  the  front  rollers,  gets  twisted  by  the  spindle  and  flier,  and 
wound  up  in  constant  progression  on  the  bobbin,  the  motion  of  the  latter  being  retarded 
either  by  a  washer  of  leather  beneath  its  lower  end,  or  sometimes,  as  shown  in  the 
figuie,  by  a  weighted  lever  h,  suspended  from  a  cord,  which  embraces  the  pulley-groove 
turned  on  the  lower  end  of  the  bobbin.  This  friction  of  this  cord  on  Ihe  pulley,  which 
may  be  varied  by  changing  the  length  of  leverage  at  which  the  weight  acts,  gives  the 
bobbin  the  requisite  retardation  for  winding  up  the  yarn. 

The  bobbin  g,  at  the  same  time  that  it  has  this  retarded  movement  of  revolution  on 
its  axis,  has  another  motion  up  and  down  on  the  spindle  i,  to  present  itself  at  different 
points  to  the  thread,  and  to  cause  the  equal  distribution  of  this  over  the  surface  of  the 
bobbin-barrel.  This  latter  motion  is  given  by  a  double  eccentric  l,  which,  by  turning 
slowly  on  its  axis,  makes  the  balance-lever  m  oscillate,  and  thereby  raises  or  depresses 
the  bobbin-rail  with  its  row  of  spindles,     n  is  a  section  of  the  long  tin  drum,  which 
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extends  the  wliole  breadth  of  the  frame,  and  communicates  its  rotatory  motion,  derived 
from  (he  steam-pulley,  to  the  spindles,  by  the  intervention  of  the  endless  cotton  cords  o, 
as  also  to  the  fluted  rollers  c,  f,  and  to  the  axis  of  the  heart-shaped  or  eccentric  wheel  i., 
working  in  an  endless  screw. 

The  ratio  of  the  velocity  of  the  rollers  of  supply  c,  with  the  front  or  delivering  rollers 
F,  and  with  the  spindles,  is  proportional  to  the  fineness  of  the  yarn.  For  low  numbers, 
the  draught  is  usually  fourfold.  The  speed  of  the  spindles  also  varies  with  the  quality 
of  the  yarn,  according  as  it  is  intended  for  warp  or  weft ;  the  former  requiring  more 
twist  than  the  latter;  but  never  so  much  as  to  cause  it  to  snarl  into  a  knot,  when  left  free 
to  turn  on  itself 

One  of  the  most  important  improvements  hitherto  made  in  the  spinning  of  flax  is  that 
for  which  James  Kay,  of  Preston,  obtained  a  patent  in  July,  1825.  Its  peculiar  feature 
is  the  maceration  in  warm  water  of  the  slivers  or  rovings,  previously  to  spinning  them, 
by  conducting  them  into  tin  cans,  with  open  bottoms,  fitted  into  circular  boxes  having 
holes  like  a  cullender,  and  immersed  into  a  trough  of  warm  water.  The  slivers  as  they 
pass  from  the  rollers  are  let  fall  through  the  cans  into  these  boxes,  when  they  are  to  be 
repeatedly  pressed  and  beaten  down  by  a  plunger,  or  the  action  of  rollers,  as  may  be  most 
convenient.  The  material  must  be  thoroughly  freed  from  air,  and  macerated.  After 
five  or  six  hours  it  is  to  be  removed  from  the  water,  and  placed  in  its  compressed  state 
at  the  back  part  of  a  drawing  and  spinning  machine.  The  cake  being  now  turned  over, 
the  end  of  the  roving  first  deposited  in  the  can  is  drawn  out  with  care,  then  raised  up, 
and  passed  over  a  tension  roller  to  the  drawing  'apparatus.  The  first  pair  of  rollers  for 
the  drawing  process  merely  retains  the  filaments  ;  while  at  a  distance  of  two  inches  and 
a  half  the  drawins  rollers  are  placed.  Both  are  fluted,  for  the  purpose  of  taking  firm 
hold  of  the  material ;  and  the  drawing  pair  is  made  to  move  eight  times  quicker  than  the 
retaining.  As  the  flax  fibres  have  in  this  state  little  or  no  elasticity,  and  as  they  adhere 
loosely  in  their  macerated  condition,  the  drawing  rollers  must  be  placed  thus  close  to 
the  retaining  rollers,  and  being  made  to  move  at  a  proper  speed,  produce  an  extremely 
attenuated  thread. 

The  adjoining  table  represents,  in  three  compartments,  the  most  important  rooms  in  a 
flax-mill,  viz.  : — 

I.  The  tow  preparing  room. 

II.  The  line  preparing  room  for  the  long  flax. 

III.  One  room  of  spinning  machines  as  a  pattern  for  the  rest. 

463  TOW    PREPARING    ROOM. 
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A,  lap  machine ;  b,  4-feet  breaker  card  ;  c,  3  feet  6  inches  ditto ;  d,  3-feet  finisher 
card,  3  workers  ;  e,  cut  tow,  second  drawing,  5  heads  ;  f,  cut  tow,  first  drawing,  4  heads  ; 
G,  cut  tow,  reg.  roving,  32  spindles ;  h,  4-feet  breaker  card  ;  i,  4  feet  finisher  ditto;  k, 
long  tow,  first  drawing,  3  heads;  L,  long  tow,  second  drawing,  4  heads;  M,  long  tow 
roving  4  spindles. 
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A,  cut  line,  first  drawing ;  b,  cut  line,  second  drawing,  4  heads ;  c,  cut  line,  third 
drawing,  5  heads  ;  d,  cut  line,  reg.  roving  32  spindles  each ;  e,  long  line,  first  drawing ; 
F,  long  line,  second  drawing,  3  heads  each ;  G,  long  line,  third  drawing,  4  heads  each ;  H, 
long  line,  roving  16  spindles. 

SPIKNING   ROOM.  465 
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I.  The  line  preparing  room  comprehends  :  — 

1.  Heckling  machines  with  heckles. 

2.  Line  spreaders,  or  first  drawing  slivers. 

3.  Frames  for  the  second  drawing,  of  3  heads  each. 

4.  Frames  for  the  third  drawing,  of  4  heads  each. 

5.  Roving  frames  of  16  spindles  each. 

6.  Spare  fallers  for  first  drawing  with  gills. 

7.  Ditto  ditto  for  second  and  third  drawing  with  ditto. 

8.  Ditto  ditto  for  roving. 

II.  Tlie  cut  flax  line  preparing  room  :  — 

1.  Sets  of  heckling  frames  (eccentric.) 

2.  Cutting  or  breaking  machine. 

3.  Line  spreaders  or  drawing  ditto. 

4.  Frames  for  second  drawing,  4  heads  each. 

5.  Ditto  third  ditto,  5  ditto. 

6.  Ditto,  regulator  roving,  32  spindles  each. 

7.  Spare  fallers  with  gills  for  first  drawing. 

8.  Ditto,  ditto  for  second  and  third  ditt.0. 

9.  Ditto,  ditto,  with  gills  for  roving. 

ni.  Long  or  uncut  flax  tow  preparation  :  — 

1.  Lap  machine. 

2.  Breaker  cards,  4  feet  diameter. 

3.  Finisher  ditto,  ditto. 

4.  Frames  for  first  drawing,  3  heads  each. 

5.  Ditto  for  second  drav/ing,  3  heads  each. 

6.  Ditto  for  roving.  16  spindles  each. 

7.  Spare  fallers,  with  gills  for  first  and  second  drawing. 

8.  Ditto,  ditto,         ditto,         for  roving. 

IV.  Cut  flax  tow  preparation  :  — 

1.  Lap  machine. 

2.  First  breaker  cards,  4  feet  diameter. 

3.  Second  ditto,  ditto,  3  feet  6  inches  ditto.  ' 

4.  Finisher  cards  with  8  workers. 

5.  First  drawing  frames,  of  4  heads  each. 

6.  Second  ditto,  ditto,        of  5  ditto. 

7.  Frames  for  regulator  roving,  32  spindles  each  frame. 

8.  Spare  fallers  with  gills  for  first  and  second  drawing. 

9.  Ditto,  ditto,  for  roving. 

V.  Spinning  rooms  for  both  lines  and  tows  : — spindles  in  frames  in  a  number  propor- 

tional to  the  number  of  the  above  preparation  machines;    and  consequently  to 
the  quantity  and  quality  of  the  flax  yarn  intended  to  be  spun. 

VI.  Utensils  and  tools ;  such  as  cards  clothing  with  needle  pointed  filleting. 
Observations  upon  the  above  statement  of  the  series  of  machinery  requisite  in  a 

modern  flax  mill  of  the  most  improved  construction  :  — 

The  long  or  uncut  flax  to  be  spun  into  yarns  averaging  30  leas  per  lb. 

Each  heckling  machine  will  produce  about  4|  cwts.  per  day,  which  would  be  distri- 
buted into  200  lbs.  of  line,  and  266f  of  tow. 

The  total  with  3  machines  would  be  therefore  600  lbs.  of  line,  and  800  lbs.  of  tow. 

The  preceding  statement  contains  three  systems  of  line  preparing,  each  system  being 
composed  of — 
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1  line  spreader,  or  first  drawing ; 

1st  frame  of  3  heads  ;  2d  ditto,  2  slivers  each  ;  « 

1  ditto  of      4  ditto  ;  3d  ditto,  ditto  ditto ; 

2  ditto  rovings,  of  32  spindles,  which  are  capable  of  supplying  about  640 
spinning  do. ; 

1  line  spreader  being  allowed  for  contingencies. 
The  above  statement  contains  3  systems  of  tow  (uncut)  preparation,  each  system  being 
composed  of — 

1  breaker  card ; 

2  finisher  ditto ; 

1  frame  of  first  drawing,  3  heads  of  4  slivers  each ; 

1  ditto         second  ditto,  4  ditto,        4  ditto  ditto; 

2|  ditto  rovings,  or  37  spindles,  which  are  capable  of  supplying  about  660  spinning  do. ; 

1  lap  machine  being  sufficient  for  2  or  3  systems ; 

1  extra  finisher  is  deemed  desirable. 
The  statement  contains  2  systems  of  heckling  machines  for  cut  flax,  a  system  consisting 
of  either  8  or  ten  machines ;  for  the  coarser  work,  8  machines  in  succession,  finer  and 
finer,  are  sufficient;  but  for  the  finest,  10  or  12  are  required.  Each  system  will  produce 
between  2  and  300  lbs.  per  diem  of  raw  flax,  heckled,  divided  on  the  average  into  170 
lbs.  line,  280  lbs.  tow,  which  will  about  equal  the  supply  of  the  5th  system  contained  in 
the  statement,  each  consisting  of — 

1  line  spreader  or  1st  drawing ; 

1  frame  2d  drawing ;  4  heads,  4  slivers  each ; 

1  ditto    3d  ditto,  5  ditto,    4  ditto  ditto  ; 

1  ditto  roving,  32  spindles  ; 

and  are  capable  of  supplying  about  480  ditto,  of  spinning. 
The  statement  contains  2  systems  of  tow  (cut  flax)  preparings,  each  system  being 
composed  of — 

2  second  breaker  cards  : 
4  finishers  ditto; 

4  frames  1st  drawing,  4  heads,  each  4  slivers ; 
4  ditto     2d  ditto,         5  ditto  ditto     4  ditto ; 
4  regulator  rovings,  128  spindles  ; 

and  are  capable  to  supply  about  1800  spinning  ditto. 
1  first-breaker  card  and  lap  frame  are  sufficient  to  2  or  3  systems. 
Summary  view : — 

Long  or  uncut  line  3  systems  of  640  spindles  =  1920 
Ditto       —      tow  3  ditto  660  ditto  1980    3900 

Cut  —      line  5  ditto  480  ditto  2400 

Ditto       —      tow  2  ditto  1800  ditto  3600     6000 

Total  of  spinning  spindles,     9900 
3900  spindles,  at  an  average  of  30  leas  yarn  per  lb.,  would  turn  off  9  leas  per  spindle 
per  diem,  with  waste  circa  1400  lbs. 

6000  spindles,  at  an  average  of  100  leas  yarn  per  lb.,  would  turn  off  6  leas  per  spindle 
per  diem,  with  waste  circa  450  lbs. 

Yarns  produced  :  £.    s.  d. 

Of  average  30  leas  per  lb.  per  week  circa  1050  boles  at  9s.  472  10  0 

Of  ditto     100  ditto      —      —  1080      —  486    0  0 

Total  weekly  produce,   2130  958  10  0 

Weekly  charges,  wages,  &c. 
Flax  - 

Weekly  expenses 
Interest  on  60,000/.    )    120  0  0  710  0  0 


10  per  annum 


Weekly  profit  248  10  0 
Measures  of  flax  yarn,  and  statistics  of  the  linen  trade  for  the  United  Kingdom. 
One  lea  of  flax  yarn  at  Leeds  is  =  300  yards. 
One  spindle  Scotch  =  38  leas    =  11400  yards. 

One  rand  =    6  ditto  =     1800  ditto. 

One  dozen  is  12  rands  =  72  ditto  =  21600  ditto. 

When  yarn  is  estimated  in  Nos.  it  implies  the  number  of  leas  in  one  pound  weight ; 
as  in  cotton,  it  means  the  number  of  hanks  of  840  yards  each  in  one  pound. 

33 
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Imports  of  flax  and  tow,  or  codilla  of  hemp  and  fax,  at  a  duty  of  Id.  per  cwt.,  in 
1834.  1835.  1837.  1838. 


Retained  for  consumption  : 


lbs.  lbs.  lbs.  lbs. 

811,722  740,814  1,529,116        1,002,256 


794,272  728,143  1,532,059         1,002,408 

Linen  j'arn  exported      -  .  .     2,611,215 

Linen  manufactures  exported,  including 

flax  yarn,  declared  value        -  -  £3,208,139  £3,645,097      £2,613,298 

FLINT.  (Pierre  a  ftisil,  Fr. ;  Feuerstein,  Germ.)  The  fracture  of  this  fossil  is 
perfectly  conchoidal,  sometimes  glossy,  and  sometimes  dull,  on  the  surface.  It  is  very 
hard,  but  breaks  easily,  and  aflbrds  very  sharp-edged  splintery  fragments ;  whence  it  is 
a  stone  which  strikes  most  copious  sparks  with  steel.  It  is  feebly  transli\cid,  has  so  fine 
and  homogeneous  a  texture  as  to  bear  polishing,  but  possesses  little  lustre.  Its  colors 
are  very  various,  but  never  vivid.  The  blackish-brown  flint  is  that  usually  found  in  the 
white  chalk.  It  is  nearly  black  and  opaque,  loses  its  color  in  the  fire,  and  becomes 
grayish-white  and  perfectly  opaque.  Flints  occur  almost  always  in  nodules  or  tubercu- 
lar concretions  of  various  and  very  irregular  forms.  These  nodules  distributed  in  strata 
among  the  chalk,  alongside  of  one  another  and  almost  in  contact,  form  extensive  beds  ; 
interrupted,  indeed,  by  a  multitude  of  void  spaces,  so  as  to  present,  if  freed  from  the 
earthy  matter  in  which  they  are  imbedded,  a  species  of  network  with  meshes,  very  irreg- 
ular both  in  form  and  dimension. 

The  nodules  of  silex,  especially  those  found  in  the  chalk,  are  not  always  homogeneous 
and  solid.  Sometimes  there  is  remarked  an  organic  form  towards  their  centre,  as  a  mad- 
repore or  a  shell,  which  seems  to  have  served  as  their  nucleus ;  occasionally  the  centre 
is  hollow,  and  its  sides  are  studded  over  with  crystals  of  quartz,  carbonate  of  iron,  pyr- 
ites, concretionary  silex  or  calcedony,  filled  with  pulverulent  silica,  nearly  pure,  or  silex 
mixed  with  sulphur;  a  very  singular  circumstance. 

Flints  are  observed  to  be  generally  humid  when  broken  immediately  after  beina;  dug 
out  of  the  ground;  a  properly  which  disappears  after  a  short  exposure  to  the  air.  When 
dried  they  become  more  brittle  and  more  splintery,  and  sometimes  their  surfaces  get 
covered  at  old  fractures  with  a  thin  film  or  crust  of  opaque  silex. 

Flints  calcined  and  ground  to  a  powder  enter  into  the  composition  of  all  sorts  of  fine 
pottery  ware. 

The  next  important  application  of  this  silicious  substance  is  in  the  formation  of  gun- 
flints,  for  which  purpose  it  must  be  cut  in  a  peculiar  manner.  The  following  characters 
distinguish  good  flint  nodules  from  such  as  are  less  fit  for  being  manufactured.  The  best 
are  somewhat  convex,  approaching  to  globular;  those  which  are  very  irregular,  knobbed, 
branched,  and  tuberose,  are  generally  full  of  imperfections.  Good  nodules  seldom  weigh 
more  than  20  pounds;  when  less  than  2,  they  are  not  worth  the  working.  They  should 
have  a  greasy  lustre,  and  be  particularly  smooth  and  fine  grained.  The  color  may  vary 
from  honey-yellow  to  blackish-brown,  but  it  should  be  uniform  throughout  the  lump,  and 
the  translucency  should  be  so  great  as  to  render  letters  legible  through  a  slice  about  one 
fiftieth  of  an  inch  thick,  laid  down  upon  the  paper.  The  fracture  should  be  perfectly 
smooth,  uniform,  and  slightly  conchoidal ;  the  last  property  being  essential  to  the  cutting 
out  of  perfect  gun  flints. 

Four  tools  are  employed  by  the  gun-flint  makers. 

First,  a  hammer  or  mace  of  iron  with  a  square  head,  from  1  to  2  pounds  weight,  with 
a  handle  7  or  8  inches  long.  This  tool  is  not  made  of  steel,  because  so  hard  a  metal 
would  render  the  strokes  too  harsh,  or  dry,  as  the  workmen  say,  and  would  shatter  the 
nodules  irregularly,  instead  of  cutting  them  with  a  clean  conchoidal  fracture. 

Second,  a  hammer  with  2  points,  made  of  good  steel  well  hardened,  and  weighing  from 
10  to  16  ounces,  with  a  handle  7  inches  long  passing  through  it  in  such  a  way  tliat  the 
points  of  the  hammer  are  nearer  the  hand  of  the  workman  than  the  centre  of  gravity  of 
the  mass. 

Third,  the  disc  hammer  or  roller,  a  small  solid  wheel,  or  flat  segment  of  a  cylinder, 
parallel  to  its  base,  only  two  inches  and  a  third  in  diameter,  and  not  more  than  12  ounces 
in  weight.  It  is  formed  of  steel  not  hardened,  and  is  fixed  upon  a  handle  6  inches  long, 
which  passes  through  a  square  hole  in  its  centre. 

Fourth,  a  chisel  tapering  and  bevelled  at  both  extremities,  7  or  8  inches  Ion?,  and  2 
inches  broad,  made  of  steel  not  hardened ;  this  is  set  on  a  block  of  wood,  which  serves 
also  for  a  bench  to  the  workmen.  To  these  4  tools  a  file  must  be  added,  for  the  purpose 
of  restoring  the  edge  of  the  chisel  from  time  1o  time. 

After  selecting  a  good  mass  of  flint,  the  workman  executes  the  following  four  opera- 
tions on  it. 

1.  He  breaks  the  block.    Being  seated  upon  the  ground,  he  places  the  nodule  of  flint  oa 
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his  left  thigh,  and  applies  slislit  strokes  with  the  square  hammer  to  divide  it  into  smaller 
pieces  of  about  a  pound  and  a  half  each,  with  broad  surfaces  and  almost  even  fractures. 
The  blows  should  be  inodeiate,  lest  the  lump  crack  and  split  in  the  wrong  direction. 

2.  He  cleaves  or  chips  the  flint.  The  principal  point  is  to  split  the  flint  well,  or  to 
chip  off  scales  of  the  length,  thickness,  and  shape  adapted  fur  the  subsequent  formation 
of  gun  flints.  Here  tiie  greatest  dexterity  and  steadiness  of  manipulation  are  necessary;' 
but  the  fracture  of  the  flint  is  not  restricted  to  any  particular  direction,  for  it  may  be 
chipped  in  all  parts  with  equal  facility. 

The  workman  holds  the  lump  of  flint  in  his  left  hand,  and  strikes  with  the  pointed 
"ammer  upon  the  edges  of  the  great  planes  produced  by  the  first  breaking,  whereby  the 
vhite  coaling  of  the  flint  is  removed  in  small  scales,  and  the  interior  body  of  the  flint 
s  laid  bare  ;  after  which  he  continues  to  detach  similar  scaly  portions  from  the  clean  mass. 

These  scaly  portions  are  nearly  an  inch  and  a  half  broad,  two  inches  and  a  half  long, 
and  about  one  sixth  of  an  inch  thick  in  the  middle.  They  are  slightly  convex  below, 
and  consequently  leave  in  the  part  of  the  lump  from  which  they  were  separated  a  space 
slightly  concave,  kmyitudinally  bordeied  by  two  somewhat  projecting  straight  lines  or 
ridges.  The  ridaes  produced  by  the  separation  of  the  first  scales  must  naturally  consti- 
tute nearly  the  middle  of  the  subsequent  pieces ;  and  such  scales  alone  as  have  their 
ridges  thus  placed  in  the  middle  are  fit  to  be  made  into  gun-flints.  In  this  manner  the 
workman  continues  to  split  or  chip  the  mass  of  flint  in  various  directions,  until  the  de- 
fects usually  found  in  the  interior  render  it  impossible  to  make  the  requisite  fractures, 
or  until  the  piece  is  too  much  reduced  to  sustain  the  smart  blows  by  which  the  flint  is 
divided. 

3.  He  fashions  the  gun-flints.  Five  different  parts  may  be  distinguished  in  a  gun-flint. 
1.  The  sloping  facet  or  bevel  part,  which  is  impelled  against  the  hammer  of  the  lock.  Its 
'.hickness  should  be  from  two  to  three  twelfths  of  an  inch;  for  if  it  were  thicker  it  would 
be  too  liable  to  break  ;  and  if  more  obtuse,  the  scintillations  would  be  less  vivid.  2.  The 
sides,  or  lateral  edges,  which  are  always  somewhat  irregular.  3.  The  back  or  thick  part 
opposite  the  tapering  edge.  4.  The  under  surface,  which  is  smooth  and  rather  concave. 
And  5.  The  upper  face,  which  has  a  small  square  plane  between  the  tapering  edge  and 
the  back,  for  entering  into  the  upper  claw  of  the  cock. 

In  order  to  fashion  the  flint,  those  scales  are  selected  which  have  at  least  one  of  the 
above  mentioned  longitudinal  ridges;  the  workman  fixes  on  one  of  the  two  tapering  bor- 
ders to  form  the  striking  edge,  after  which  the  two  sides  of  the  stone  that  are  to  form  the 
lateral  edges,  as  well  as  the  part  that  is  to  form  the  back,  are  successively  placed  on  the 
edge  of  the  chisel  in  such  a  manner  that  the  convex  surface  of  the  flint,  which  rests  on 
the  forefinger  of  the  left  hand,  is  turned  towards  that  tool.  Then  with  the  disc  hammer 
he  applies  some  slight  strokes  to  the  flint  just  opposite  the  edge  of  the  chisel  underneath, 
and  thereby  breaks  it  exactly  along  the  edge  of  the  chisel. 

4.  The  finishing  operation  is  the  trimming,  or  the  process  of  giving  the  flint  a  smooth 
and  equal  edge;  this  is  done  by  turning  up  the  stone  and  jdacing  the  edge  of  its  tapering 
end  upon  the  chisel,  in  which  position  it  is  completed  by  5  or  6  slight  strokes  of  the  disc 
hammer.  The  whole  operation  of  making  a  gun-flint,  which  I  have  used  so  many  words 
to  describe,  is  performed  in  less  than  one  minute.  A  good  workman  is  able  to  manufac- 
ture 1000  good  chips  or  scales  in  a  day  (if  the  flint-balls  be  of  good  quality),  or  500  gun- 
flints.  Hence,  in  the  space  of  3  days,  he  can  easily  cleave  and  finish  1000  gun-flints 
without  any  assistance. 

A  great  quantity  of  refuse  matter  is  left,  for  scarcely  more  than  half  the  scales  are 
good,  and  neaily  half  the  mass  in  the  best  flints  is  incapable  of  being  chipped  out;  so 
that  it  seldom  happens  that  the  largest  nodules  furnish  more  than  50  gun-flints. 

Flints  form  excellent  building  materials  ;  because  they  give  a  firm  hold  to  the  mortar 
by  their  irregularly  rough  surfaces,  and  resist,  by  their  nature,  every  vicissitude  of  weather. 
The  counties  of  Kent,  Essex,  Suffolk,  and  Norfolk,  contain  many  substantial  specimens 
of  flint-masonry. 

FLOSS  of  the  puddling  furnace,  is  the  fluid  glass  floating  upon  the  iron  produced  by  the 
vitrification  of.the  oxydes  and  earths  which  are  present. 

FLOSS-SILK  (Filoselle,  Bourre  de  soie,  or  fleuret,  Fr.)  is  the  name  given  to  the 
portions  of  ravelled  silk  broken  off  in  the  filature  of  the  cocoons,  which  is  cafted  like 
cotton  or  wool,  and  spun  into  a  soft  coarse  yarn  or  thread,  for  making  bands,  shawls, 
socks,  and  other  common  silk  fabrics.  The  floss  or  fleuret,  as  first  obtained,  must  be 
steeped  in  water,  and  then  subjected  to  pressure,  in  order  to  extract  the  gummy  matter, 
which  renders  it  too  harsh  and  short  for  the  spinning-wheel.  After  being  dried  it  is 
made  still  more  pliant  by  working  a  little  oil  into  it  with  the  hands.  It  is  now  ready 
to  be  submitted  to  the  carding  engine.  See  Cotton  Manufacture.  It  is  spun  upon 
the  flax  wheel. 

The  female  peasants  of  Lombardy  generally  wear  clothes  of  homespun  floss-silk.  Of 
late  years,  by  improved  processes,  pretty  fine  fabrics  of  this  material  have  been  pro- 
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duced  both  in  England  and  France.  M.  Ajac,  of  Lyons,  presented  at  one  of  the  French 
national  exhibitions  of  the  objects  of  industry,  a  great  variety  of  scarfs  and  square  shawls, 
of  bourre  de  soie,  closely  resembling  those  of  cachemire. 

FLOUR ;  the  finely  ground  meal  of  wheat,  and  of  any  other  corns  or  cerealia.  See 
Bkead. 

FLOUR  OF  WHEAT,  Jdulleraiions  of,  to  detect. 

The  first  method  is  by  specific  gravity.  If  potato  flour  be  added,  which  is  frequently 
done  in  France,  since  a  vessel  which  contains  one  pound  of  wheat  flour  will  contain  one 
pound  and  a  half  of  the  fecula,  the  proportion  of  this  adulteration  maybe  easily  estimated. 
If  gypsum  or  ground  bones  be  mixed  with  the  flour,  they  will  not  only  increase  its  density 
still  more,  but  they  will  remain  after  burning  away  the  meal. 

The  second  method  is  by  ascertaining  the  quantity  of  gluten  which  the  suspected  sam- 
ple will  afford,  by  the  process  prescribed  under  the  article  Bread.  The  two  following 
chemical  criteria  may  also  be  employed. 

1st.  Nitric  acid  has  the  property  of  coloring  wheat  flour  of  a  fine  orange  yellow,  where- 
as it  affects  the  color  neither  of  fecula  nor  starch. 

2d.  Pure  muriatic  acid  colors  good  wheat  flour  of  a  deep  violet,  but  dissolves  fecula 
or  starch,  and  forms  with  it  a  light,  colorless,  viscous  fluid,  decomposable  by  alkalis.  It 
may  also  be  observed,  that  as  fecula  absorbs  less  water  than  flour,  this  affords  a  ready 
means  of  detection. 

The  adulteration  with  bean  or  pea  flour  may  be  detected  by  pouring  boiling  water  upon 
it,  which  developes  the  peculiar  smell  of  these  two  substances. 

FLOWERS  (Fleurs,  Fr. ;  Blumen,  Germ.)  of  benzoin,  of  sulphur,  of  zinc,  &c.,  is  the 
appellation  given  by  the  older  chemists  to  such  substances  as  were  obtained  in  a  pulver- 
ulent or  rather  minutely  crystalline  form  by  the  process  of  sublimation. 

FLOWERS,  ARTIFICIAL,  MANUFACTURE  OF.  The  art  of  representing  by 
flowers,  leaves,  plants,  &c.,  vegetable  nature  in  her  ornamental  productions,  constitutes 
the  business  of  the  artificial  florist.  The  Italians  appear  to  have  been  the  first  people  in 
Europe  who  excelled  in  the  art  of  making  artificial  flowers;  but  of  late  years  the  French 
have  been  most  ingenious  in  this  branch  of  industry. 

Ribands  folded  in  different  forms  and  of  different  colors  were  originally  employed  for 
imitating  flowers,  by  being  attached  to  wire  stems.  This  imitation  soon  gave  way  to 
that  by  feathers,  which  are  more  delicate  in  texture,  and  more  capable  of  assuming  a 
variety  of  flower-like  figures.  But  a  great  difficulty  was  encountered  in  dyeing  them 
with  due  vivacity.  The  savages  of  South  America  manufacture  perfect  feather  flowers, 
derived  from  the  brilliant  plumage  of  their  birds,  which  closely  resemble  the  products  of 
vegetation.     The  blossoms  and  leaves  are  admirable,  while  the  colors  never  fade. 

The  Italians  employ  frequently  the  cocoons  of  the  silkworm  for  this  purpose ;  these 
take  a  brilliant  dye,  preserve  their  color,  and  possess  a  transparent  velvety  appearance, 
suitable  for  petals.  Of  late  years,  the  French  have  adopted  the  finest  cambric  for  making 
petals,  and  the  taffeta  of  Florence  for  the  leaves.  M.  de  Bernardiere  employs  whalebone 
in  very  thin  leaves  for  artificial  flowers ;  and  by  bleaching  and  dyeing  them  of  various 
hues,  he  has  succeeded  in  making  his  imitations  of  nature  to  be  very  remarkable. 
The  coloring  matters  used  in  flower  dyeing  are  the  following ;  — 
For  red ;  carmine  dissolved  in  a  solution  of  salt  of  tartar. 

For  blue ;  indigo  dissolved  in  sulphuric  acid,  diluted  and  neutralized  in  part  by  Spanish 
whitening. 

For  bright  yellow ;  a  solution  of  turmeric  in  spirit  of  wine.  Cream  of  tartar  brightens 
all  these  colors. 

For  violet ;  archil,  and  a  blue  bath. 
For  lilach;  archil. 

Some  petals  are  made  of  velvet,  and  are  colored  merely  by  the  application  of  the  finger 
dipped  in  the  dye. 

FLUATES,  more  properly  fluorides  (Eng.  and  Fr. ;  Flusssdure,  Germ.) ;  com- 
pounds of  fluorine  and  the  metals ;  as  fluor  spar,  for  example,  which  consists  of  fluorine 
and  calcium. 

FLUOR  SPAR.  (Chaux  fliiatee  Fr. ;  Spath  fluor.  Germ.)  This  mineral  often  ex- 
hibits a  variety  of  vivid  colors.  It  crystallizes  in  the  cubic  system :  with  regular  octahe- 
dral and  tetrahedral  cleavages;  spec.  grav.  3-1  to  3-2;  scratches  calc  spar,  but  is  scratched 
by  a  steel  point;  usually  phosphorescent  with  heat;  fusible  at  the  blowpipe  into  an  opaque 
bead;  acted  on  by  the  acids,  with  disengagement  of  a  vapor  which  corrodes  glass;  its 
solution  affords  precipitates  with  the  oxalates,  but  not  with  ammonia.  Its  constituents 
are,  fluorine,  48-13;  calcium,  51-87  in  100. 

Fluor  spar  occurs  subordinate  to  metallic  veins;  as  to  those  of  lead,  in  Derbyshire ; 
of  tin,  in  Saxony  and  Bohemia;  but  it  is  found  also  in  masses  or  veins,  either  in  crys- 
talline rocks,  associated  with  quartz,  heavy  spar,  &c.,  as  in  Auvergne,  Forez,  Vosges, 
Norberg  in  Sweden ;  Norway ;  Petersburg  j  near  Hall ;  Gourock,  in  Scotland,  &c. ;  or 
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among  secondary  limestones,  slates,  and  sandstones,  in  Derbyshire,  Cumberland,  Corn 
wall,  and  New  Jersey.  It  exists  also  in  the  amygdaloids  of  Scotland,  and  in  the  vol- 
canic products  of  Monte  Somma  at  Vesuvius.  The  variously  colored  specimens,  called 
Derbyshire  spar,  are  worked  upon  the  turning-lathe  into  vases  and  other  ornamental 
objects. 

FLUX  (Eng.  and  Fr. ;  Fluss,  Germ.)  signifies  any  substance  capable  of  promoting  the 
fusion  of  earths  or  metallic  ores  by  heat.  White  flux  is  the  residuum  of  the  deflagratioa 
ia  a  red-hot  crucible,  of  a  mixture  of  two  parts  of  nitre,  and  one  of  cream  of  tartar.  It 
is  in  fact  merely  a  carbonate  of  potash.  Black  flux  is  obtained  .when  equal  parts  of  nitre 
and  tartar  are  deflagrated.  It  owes  its  color  to  the  carbonaceous  matter  of  the  tartaric 
acid,  which  remains  unconsumed ;  the  quantity  of  nitre  being  too  small  for  that  purpose. 
The  presence  of  the  charcoal  renders  this  preparation  a  convenient  flux  for  reducing  cal- 
cined or  oxydized  ores  to  the  metallic  state.  Limestone,  fluor-spar,  borax,  and  several 
earthy  or  metallic  oxydes  are  employed  as  fluxes  in  metallurgy. 

FLY  POWDER ;  the  black  colored  powder  obtained  by  the  spontaneous  oxydizement 
of  metallic  arsenic  in  the  air. 

FODDER  is  the  name  of  a  weight  by  which  lead  and  some  other  metals  are  sold  in 
this  country.  It  varies  in  its  amount  in  diflTerent  parts  of  the  kingdom ;  being  in  Northum- 
berland estimated  at  21  cwts.,  and  in  other  counties  22,  23,  or  even  more  cwts. 

FONDUS  is  the  name  given  by  the  French  to  a  particular  style  of  calico-printing 
resembling  the  rainbow,  in  which  the  colors  are  graduated  or  melted  (  fondus)  into  one 
another,  as  in  the  prismatic  spectrum.  See  Paper  hangings,  for  a  description  of  the 
process. 

FORGE  (Eng.  and  Fr. ;  Feuer,  Germ.)  is  the  name  either  of  the  furnace,  where 
wrought-iron  is  hammered  and  fashioned  with  the  aid  of  heat,  or  the  great  workshop 
where  iron  is  made  malleable.  The  former  is  called  a  smith's  forge,  the  latter  a  shingling 
mill.     See  Iron.  466 

Fig.  466  represents  a  portable 
truck  forge  of  a  very  commodious 
construction.  A  is  the  cylindric 
leather  bellows,  pressed  down  by  a 
helical  spring,  and  worked  by 
means  of  the  handle  at  b,  which 
moves  the  horizontal  shaft  c,  with 
its  two  attached  semicircular  levers 
and  chains,  d  is  the  pipe  which 
conducts  the  blast  to  the  nozzle  at 
E.  The  hearth  may  be  covered 
with  a  thin  fire-tile  or  with  cin- 
ders. F  is  a  vice  fixed  to  the  strong 
rectangular  frame.  This  appara- 
tus answers  all  the  ordinary  pur- 
poses of  a  smith's  forge ;  and  is 
peculiarly  adapted  to  ships,  and  to 
the  execution  of  engineering  jobs 
upon  railways,  or  in  the  country. 
The  height  is  2  feet  6  inches ;  the 
length  is  2  feet  9  inches ;  the 
width  2  feet.  Weight  about  2 
cwts. 

FORMIATES  are  compounds  of  formic  acid,  with  the  salifiable  bases.  Many  of  them 
are  susceptible  of  crystallization. 

FORMIC  ACID  l^cide  Formique,  Fr ;  Ameisamaure,  Germ.)  exists  in  the  bodies  of 
wood  ants,  associated  with  the  malic  or  acid  of  apples.  The  artificial  formation  of  this 
animal  secretion  is  one  of  the  most  remarkable  triumphs  of  modern  chemistry.  If  10 
parts  of  tartaric  acid,  14  of  black  oxyde  of  manganese,  15  of  concentrated  sulphuric  acid, 
and  from  20  to  30  of  water  be  mixed  and  distilled  in  a  retort,  formic  acid  will  be  the  liquid 
product;  while  carbonic  acid  will  be  disengaged.  It  may  also  be  generated  from  other 
mixtures.  This  acid  is  transparent  and  colorless,  of  a  pungent  sour  smell,  a  strongly 
acid  taste,  of  specific  gravity  l'n68  at  60°  F.,  and  may  be  re-distilled  without  suff'eriug 
any  change.  It  contains  in  its  most  concentrated  form  19f  per  cent,  of  water.  The 
dry  acid,  as  it  exists  in  the  formiates,  is  composed  of  32-54  carbon,  2-68  hydrosen,  and 
64-78  oxygen  ;  or  of  two  volumes  carbonic  oxyde  gas,  and  one  volume  of  vapor  of  water. 
It  reduces  the  oxydes  of  mercury  and  silver  to  the  metallic  state.  It  has  not  hitherto 
been  applied  to  any  use  in  the  arts. 

FORMULiE,  CHEMICAL,  are  symbols  representing  the  different  substances,  simple 
and  compound. 
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Name. 

Formula. 

Oxygen=100- 

Hydrogen  =1. 

Oxysfen              .             •             • 

0 

100-000 

16026 

Hydrogen 

H 

6-2398 

1-000 

2H 

12-4796 

2-000 

Nitrogen 

N 

88-518 

14-186 

2N 

177-086 

^8-372 

Phosphorus      .            i 

P 

196-155 

31-436 

2P 

392-310 

68-872 

Chlorine          .            .            • 

CI 

221-3-25 

35-470 

2C1 

442-650 

70-940 

Iodine  .            .            •            • 

I 

768-781 

123-206 

21 

1537-562 

246-412 

Carbon             .            . 

C 

76-437 

12-250 

2C 

152-875 

24-500 

Boron  .... 

B 

135-983 

21-793 

2B 

271-966 

43-586 

Silicon  .... 

Si 

277-478 

44-469 

Selenium 

Se 

494-582 

79-263 

Arsenic 

As 

470-042 

75-329 

2As 

940-084 

150-659 

Chromium 

Cr 

351-819 

56-383 

2Cr 

703-638 

112-766 

Molybdenum    . 

Mo 

598-525 

95-920 

Tungstenium    . 

Tuor  W 

1183-200 

189-621 

Antimony 

Sb 

806-452 

129-243 

2Sb 

1612-904 

2.58-486 

Tellurium 

Te 

806-452 

129-243 

Tantalum 

Ta 

1153-715 

184-896 

2Ta 

2307-430 

369  792 

Titanium 

Ti 

389-092 

62-356 

Gk)ld  (aurum)  . 

Au 

1243013 

199-207 

2Au 

2486-026 

398-415 

Platina 

Pt 

1215-220 

194-753 

Rhodium 

R 

750-680 

120-305 

2R 

1501-360 

240-610 

Palladium 

Pd 

714-618 

114-5-26 

Silver  (argentum) 

Ag 

1351-607 

216-611 

Mercury  (hydrargyrus) 

Hg 

1265-822 

202-863 

2Hg 

2531-645 

405  725 

Copper  (cuprum)         .            . 

Cu 

395-695 

63-415     ■ 

2Cu 

791-390 

126-829 

Uranium 

U 

2711-360 

434-527 

2U 

5422-720 

869-154 

Bismuth 

Bi 

1330-376 

213-208 

2Bi 

2660-752 

426-416 

Tin  (stannum)              . 

Sn 

735-294 

117-839 

Lead  (plumbum) 

Pb 

1294-498 

207-458 

2Pb 

2588-996 

414-917 

Cadmium          .            .            . 

Cd 

696-767 

111-665 

Zinc     .... 

Zn 

403-226 

64-621 

Nickel 

Ni 

369-675 

59-245 

Cobalt 

Co 

368-991 

59-135 

2Co 

737-982 

118-270 

Iron  (ferrum)  . 

Fe 

339-213 

54-363 

2Fe 

678-426 

108-725 

Manganese      .             .            . 

Mn 

355-787 

57-019 

2Mn 

711-575 

114-038 

Cerium            .            , 

Ce 

574-718 

92-105 

2Ce 

1149-436 

184-210 

Zirconium 

Zr 

420-238 

67-348 

2Zr 

840-476 

134-696 

Yttrium 

Y 

401-840 

64-395 

Beryllium  (glucinum) 

Be 

331-479 

5:;- 123 

2Be 

662-958 

106-247 
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Name. 

Formula. 

Ox>'gen=I00. 

flY(]rngen=  1. 

Aluminum 

Magnesium      . 

Calcium 

Strontium 

Barytum 

Lithium 

Natrium  (sodium) 

Kalium  (potassium)     . 
,  Ammonia 
Cyanogen 

Al 

2A1 

Mg 

Ca 

Sr 

Ba 

L 

Na 

2Na 

K 

2N2H3 

2NC 

171-167 

342-234 

158-353 

256-019 

547-285 

856-88 

127-757 

290-897 

581-794 

489-916 

214-474 

329-911 

27-431 
54-863 
25-378 
41-030 
87-709 
137-325 
20-474 
46-620 
93-239 
78-515 
34-372 
52-872 

Sulphureted  hydrogen . 

2HS 

213-644 

34-239 

Hydrochloric  acid 

2HC1 

455-129 

72-940 

Hydrocyanic  acid 

2HNC 

342-390 

54-872 

Water 

2H 

112-479 

18-026 

Protoxyde  of  nitrogen . 

2N 

277-036 

44-398 

Deutoxyde  of  nitrogen 

N 

188-518 

30-212 

Nitrous  acid    . 

2N 

477-036 

76-449 

Nitric  acid 

2N 

677-036 

108-503 

Hyposulphurous  acid  . 

S 

301-165 

48-265 

Sulphurous  acid 

S 

401-165 

64-291 

Hyposnlphuric  acid      . 

2S 

902-330 

144-609 

Sulphuric  acid 

S 

501-165 

80-317 

Phosphoric  acid 

2P 

892-310 

143-003 

Chloric  acid     . 

2C1 

942-650 

151-071 

Perchloric  acid 

2CI 

1042-650 

167-097 

Iodic  acid 

21 

2037-562 

326-543 

Carbonic  acid 

C 

276-437 

44-302 

Oxalic  acid 

2'C 

452-875 

72-578 

Boracic  acid 

2B 

871-966 

139-743 

Silicic  acid 

si 

577-478 

92-548 

Selenic  acid 

Se 

694-582 

111-315 

Arsenic  acid    . 

2As 

1440-084 

230-790 

Protoxyde  of  chrome   . 

2Cr 

1003-638 

160-840 

Chromic  acid  . 

Ci- 

651-819 

104-462.> 

Molybdic  acid 

Mo 

898-525 

143-999 

Tunstic,  or  wolfram  acid 

W 

1483-200 

237-700 

Oxyde  of  antimony 

2Sb 

1912-904 

306-565 

Antimonious  acid         .            . 

Sb 

1006-452 

161-296 

2Sb 

2012-904 

322-591 

Antimonic  acid 

2Sb 

2112-904 

338-617 
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Name. 

Formula. 

Oxygen=  100. 

Hydrosren=l 

Oxyde  of  tellurium 

fe 

1006-452 

161-296 

Tantalic  acid  . 

2fa 

2607-430 

417-871 

Titanic  acid    . 

Ti 

589-092 

94-409 

Protoxyde  of  gold 

2Au 

2586-026 

414-441 

Pcroxyde  of  gold         .            . 

2Au 

2786-026 

446-493 

Oxyde  of  platina 

Pt 

1415-220 

226-086 

Oxyde  of  rhodium 

2R 

1801-360 

228-689 

Oxyde  of  palladium    . 

Pd 

814-618 

130-552 

Oxyde  of  silver 

Ag 

1451-607 

232-637 

Protoxyde  of  mercury 

2Hg 

2631-645 

421-752 

Peroxyde  of  mercury  . 

Hg 

1365-822 

218-889 

Protoxyde  of  copper    . 

2Cu 

801-390 

142-856 

Peroxyde  of  copper     . 

Cu 

495-695 

79-441 

Protoxyde  of  uranium . 

U 

2811-360 

450-553 

Peroxyde  of  uranium  . 

2X7 

5722-720 

917-132 

Oxyde  of  bismuth 

2'Bi 

2960-752 

474-49 

Protoxyde  of  tin 

Sn 

835-294 

133-866 

Peroxyde  of  tin 

Sn 

935-294 

149-892 

Oxyde  of  lead . 

Pb 

1394-498 

223-484 

Minium 

2Pb 

2888-996 

462-995 

Brown  oxyde  of  lead  . 

Pb 

1494-498 

239-511 

Oxyde  of  cadmium 

Cd 

796-767 

127-691 

Oxyde  of  zinc 

Zn 

503-226 

80-649 

Oxyde  of  nickel 

Ni 

469-675 

75-271 

Oxyde  of  cobalt 

Co 

468-991 

75-161 

Peroxyde  of  cobalt 

2'Co 

1037-982 

166-349 

Protoxyde  of  iron 

Fe 

439-213 

70-389 

Peroxyde  of  iron 

2F 

978-426 

156-804 

Protoxyde  of  manganese 

Mn 

455-787 

73-045 

Oxyde  of  manganese   . 

2Mn 

1011-575 

162-117 

Peroxyde  of  manganese 

Mn 

555-787 

89-071 

Manganesic  acid 

4            2Mn 

1211-575 

194-169 

Protoxyde  of  cerium    . 

Ce 

674-718 

108-132 

Oxyde  of  cerium 

2'Ce 

1449-436 

232-289 

Zirconia 

2Zr 

1140-476 

182-775 

Yttria 

Y 

501-840 

80-425 

Glucina,  or  berryllia    . 

2Be 

962-958 

154-325 
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Name 

Formula. 

Oxygen=100. 

H)'drogeii=l. 

Alumina 

2A1 

642-334 

109-942 

Magnesia        .            .            . 

Mg 

258-353 

41-404 

Lime    .            .            .            . 

Ca 

356-019 

57-056 

Strontia           .            .          ^. 

Sr 

647-285 

103-735 

Baryta 

Ba 

956-880 

153-351 

Lithia 

L 

227-757 

36-501 

Natron,  or  soda 

Na 

390-897 

62-646 

Peroxyde  of  sodium     . 

2Na 

881-794 

141-318 

Kali,  or  potassa 

k 

589-916 

94-541 

Peroxyde  of  potassium 

k 

789-916 

126-593 

Sulphate  of  potassa 

ks 

1091-081 

174-859 

Protosulphate  of  iron  . 

FeS 

940-378 

150-706 

Persulphate  of  iron      . 

2FeS3 

2481-906 

397-754 

Protochloride  of  iron   . 

Fe2CI 

781-863 

125-303 

Perchloride  of  iron 

2Fe  2C13 

2006-376 

321-545 

Protochloride  of  mercury         . 

2Hg  2C1 

2974-295 

476-666 

Perchloride  of  mercury 

Hg2Cl 

1708-472 

273-803 

Ferrocyanide  of  iron    . 

Fe  2NC+2K  2NC 

2308-778 

370-008 

Alum  .... 

kS4-2AlS3-l-24  2H 

5936-406 

951-378 

Feldspar 

k  Si+2A1  sis 

3542-162 

567-673 

FOUNDING  of  metals,  chiefly  of  Iron.  The  operations  of  an  iron  foundry  consist  in 
re-melting  the  pig-iron  of  the  blast  furnaces,  and  giving  it  an  endless  variety  of  forms, 
by  casting  it  in  moulds  of  different  kinds,  prepared  in  appropriate  manners.  Coke  is  the 
only  kind  of  fuel  employed  to  effect  the  fusion  of  the  cast-iron. 

The  essential  parts  of  a  well-mounted  iron  foundry  are, 

1.  Magazines  for  pig-irons  of  different  qualities,  which  are  to  be  mixed  in  certain  pro- 
portions, for  producing  castings  of  peculiar  qualities ;  as  also  for  coal,  coke,  sands,  clay, 
powdered  charcoal,  and  cow-hair  for  giving  tenacity  to  the  loam  mouldings. 

2.  One  or  more  coke  ovens. 

3.  A  workshop  for  preparing  the  patterns  and  materials  of  the  moulds.  It  should 
contain  small  edge  millstones  for  grinding  and  mixing  the  loam,  and  another  mill  for 
grinding  coal  and  charcoal. 

4.  A  vast  area,  called  properly  the  foundry,  in  which  the  moulds  are  made  and  filled 
with  the  melted  metal.  These  moulds  are  in  general  very  heavy,  consisting  of  two  parts 
at  least,  which  must  be  separated,  turned  upside  down  several  times,  and  replaced  very 
exactly  upon  one  another.  The  casting  is  generally  effected  by  means  of  large  ladles 
or  pots,  in  which  the  melted  iron  is  transported  from  the  cupola,  where  it  is  fused. 
Hence,  the  foundry  ought  to  be  provided  with  cranes,  having  jibs  moveable  in  every 
direction. 

5.  A  stove  in  which  such  moulds  may  be  readily  introduced  as  require  to  be  entirely 
deprived  of  humidity,  and  where  a  strong  heat  may  be  uniformly  maintained. 

6.  Both  blast  and  air  furnaces,  capable  of  melting  speedily  the  quantity  of  cast-iron  to 
be  employed  each  day. 

7.  A  blowing  machine  to  urge  the  fusion  in  the  furnaces. 

Fig.  467  represents  the  general  plan  of  a  well-mounted  foundry, 
a  is  a  cupola  furnace,  of  which  the  section  and  view  will  be  afterwards  given ;  it  is 
capable  of  containing  5  tons  of  cast-iron. 

d  is  a  similar  furnace,  but  of  smaller  dimensions,  for  bringing  down  1|  tons. 
a"  is  a  furnace  like  the  first,  in  reserve  for  great  castings. 
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b,  b,  b,  b,  a  vast  foundry  apartment,  whose  floor,  to  a  yard  in  depth,  is  formed  of  sand 
and  charcoal  powder,  which  have  already  been  used  for  castings,  and  are  ready  for  heap- 

467  ing  up  into  a  substratum,  or  to  be  scooped  out 

when  depth  is  wanted  for  the  moulds.  There  are 
besides  several  cylindrical  pits,  from  five  to  seven 
yards  in  depth,  placed  near  the  furnaces.  They 
are  lined  with  brick  Avork,  and  are  usually  left  full 
of  moulding  sand.  They  are  emptied  in  order  to 
receive  large  moulds,  care  being  had  that  their  top 
is  always  below  the  orifice  from  which  the  melted 
metal  is  tapped. 

These  moulds,  and  the  ladles  full  of  melted 
metal,  are  lifted  and  transported  by  the  arm  of  one 
or  more  men,  when  their  weight  is  moderate  ;  but 
if  it  be  considerable,  they  are  moved  about  by 
cranes  whose  vertical  shafts  are  placed  at  c,  d,  e, 
in  correspondence,  so  that  they  may  upon  occasion 
transfer  the  load  from  one  to  another.  Each  crane 
IS  composed  principally  of  an  upright  shaft,  embraced  at  top  by  a  collet,  and  turning 
below  upon  a  pivot  in  a  step ;  next  of  a  horizontal  beam,  stretched  out  from  nearly  the 
top  of  the  former,  with  an  oblique  stay  running  downwards,  like  that  of  a  gallows.  The 
horizontal  beam  supports  a  moveable  carriage,  to  which  the  tackle  is  suspended  for 
raising  the  weights.  This  carriage  is  made  to  glide  backwards  or  forwards  along  the 
beam  by  means  of  a  simple  rack  and  pinion  mechanism,  whose  long  handle  descends 
within  reach  of  the  workman's  hand. 

By  these  arrangements  in  the  play  of  the  three  cranes,  masses  weighing  five  tons  may 
be  transported  and  laid  down  with  the  greatest  precision  upon  any  point  whatever  in  the 
interior  of  the  three  circles  traced  upon  Jig.  467  with  the  points  c,  d,  e,  as  centres. 

c,  d,  e,  are  the  steps,  upon  which  the  upright  shafts  of  the  three  cranes  rest  and  turn. 
Each  shaft  is  16  feet  high. 

/,  /,  is  the  drying  stove,  having  its  floor  upon  a  level  with  that  of  the  foundry. 
f,/',  is  a  supplementary  stove  for  small  articles. 

g,  g,  g,  are  the  coking  ovens. 

h,  is  the  blowing  machine  or  fan. 

i,  is  the  steam-engine,  for  driving  the  fan,  the  loam-edge  stones, 

k,  and  the  charcoal  mill. 

i",  are  the  boiler  and  the  furnace  of  the  engine. 

k',  workshop  for  preparing  the  loam  and  other  materials  of  moulding. 

1.  is  the  apartment  for  the  patterns. 

The  pis-iron,  coals,  &c.  are  placed  either  under  sheds  or  in  the  open  air,  round  the 
above  buildings ;  where  are  also  a  smith's  forge,  a  carpenter's  shop,  and  an  apartment 
mounted  with  vices  for  chipping  and  rough  cleaning  the  castings  by  chisels  and  files. 

Such  a  foundry  may  be  erected  upon  a  square  surface  of  about  80  yards  in  each  side, 
and  will  be  capable,  by  casting  in  the  afternoon  and  evening  of  each  day,  partly  in  large 
and  partly  in  small  pieces,  of  turning  out  from  700  to  800  tons  per  annum,  with  an  estab- 
lishment of  100  operatives,  including  some  moulding  boys. 

Of  waking  the  moulds. —  1.  Each  mould  ought  to  present  the  exact  form  of  its  object. 

2.  It  should  have  such  solidity  that  the  melted  metal  may  be  poured  into  it,  and  fill  it 
entirely  without  altering  its  shape  in  any  point. 

3.  The  air  whicli  occupies  the  vacant  spaces  in  it,  as  well  as  the  carbureted  gases 
generated  by  the  heat,  must  have  a  ready  vent ;  for  if  they  are  but  partially  confined, 
they  expand  by  the  heat,  and  may  crack,  even  blow  up  the  moulds,  or  at  any  rate  become 
dispersed  through  the  metal,  making  it  vesicular  and  unsound. 

There  are  three  distinct  methods  of  making  the  moulds  : — 

1.  In  green  sand;  2.  In  baked  sand;  3.  In  loam. 

To  enumerate  the  different  means  employed  to  make  every  sort  of  mould  exceeds  the 
limits  prescribed  to  this  work.  I  shall  merely  indicate  for  each  species  of  moulding, 
what  is  common  to  all  the  operations  ;  and  I  shall  then  describe  the  fabrication  of  a  few 
such  moulds  as  appear  most  proper  to  give  general  views  of  this  peculiar  art. 

Moulding  in  gj-een  sand. — The  name  green  is  given  to  a  mixture  of  the  sand  as  it  comes 
from  its  native  bed,  with  about  one  twelfth  its  bulk  of  coal  reduced  to  powder,  and  damp- 
ed in  such  a  manner  as  to  form  a  porous  compound,  capable  of  preserving  the  forms  of 
the  objects  impressed  upon  it.  This  sand  ought  to  be  slightly  argillaceous,  with  particles 
not  exceedina:  a  pin's  head  in  size.  When  this  mixture  has  once  served  for  a  mould,  and 
been  filled  with  metal,  it  cannot  be  employed  again  except  for  the  coarsest  castings,  and 
is  generally  used  for  filling  up  the  bottoms  of  fresh  moulds. 

For  moulding  any  piece  in  green  sand,  an  exact  pattern  of  the  object  must  be  pre- 
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pared  in  wood  or  metal ;  the  latter  being  preferable,  as  not  liable  to  warping,  swelling, 
or  shrinkage. 

A  couple  of  iron  frames  form  a  case  or  box,  which  serves  as  an  envelope  to  the  mould. 
Such  boxes  constitute  an  essential  and  very  expensive  part  of  the  furniture  of  a  foundry. 
It  is  a  rectangular  frame,  without  bottom  or  lid,  whose  two  largest  sides  are  united  by  a 
series  of  cross  bars,  parallel  to  each  other,  and  placed  from  6  to  8  inches  apart. 

The  two  halves  of  the  box  carry  ears  corresponding  exactly  with  one  another;  of 
which  one  set  is  pierced  with  holes,  but  the  other  has  points  which  enter  truly  into  these 
holes,  and  may  be  made  fast  in  them  by  cross  pins  or  wedges,  so  that  the  pair  becomes 
one  solid  body.  Within  this  frame  there  is  abundance  of  room  for  containing  the  pattern 
of  the  piece  to  be  moulded  with  its  incasing  sand,  which  being  rammed  into  the  frame, 
is  retained  by  friction  against  the  lateral  faces  and  cross  bars  of  the  mould. 

AVhen  a  mould  is  to  be  formed,  a  box  of  suitable  dimensions  is  taken  asunder,  and 
each  half,  No.  1  and  No.  2,  is  laid  upon  the  floor  of  the  foundry.  Green  sand  is  thrown 
with  a  shovel  into  No.  1,  so  as  to  fill  it;  when  it  is  gently  pressed  in  with  a  rammer. 
The  object  of  this  operation  is  to  form  a  plain  surface  upon  which  to  lay  in  the  pattern 
with  a  slight  degree  of  pressure,  varying  with  its  shape.  No.  1  being  covered  with  sand, 
the  frame  No.  2  is  laid  upon  it,  so  as  to  form  the  box.  No.  2  being  now  filled  care- 
fully with  the  green  sand,  the  box  is  inverted,  so  as  to  place  No.  1  uppermost,  which  is 
then  detached  and  lifted  off  in  a  truly  vertical  position;  carrying  with  it  the  body  of 
sand  formed  at  the  commencement  of  the  operation.  The  pattern  remains  imbedded  in 
the  sand  of  No.  2,  which  has  been  exactly  moulded  upon  a  great  portion  of  its  surface. 
The  moulder  condenses  the  sand  in  the  parts  nearest  to  the  pattern,  by  sprinkling  a  little 
water  upon  it,  and  trimming  the  ill-shaped  parts  with  small  iron  trowels  of  diff'erent 
kinds.  He  then  dusts  a  little  well-dried  finely-sifted  sand  over  all  the  visible  surface  of 
the  pattern,  and  of  the  sand  surrounding  it ;  this  is  done  to  prevent  adhesion  when  he 
replaces  the  frame  No.  1. 

He  next  destroys  the  preparatory  smooth  bed  or  area  formed  in  this  frame,  covers  the 
pattern  with  green  sand,  replaces  the  frame  1  upon  2,  to  reproduce  the  box,  and  proceeds 
to  fill  and  ram  No.  1,  as  he  had  previously  done  No.  2.  The  object  of  this  operation  is 
to  obtain  very  exactly  a  concavity  in  the  frame  No.  1,  having  the  shape  of  the  part 
of  the  model  impressed  coarsely  upon  the  surface  formed  at  the  beginning,  and  which 
was  meant  merely  to  support  the  pattern  and  the  sand  sprinkled  over  it,  till  it  got 
imbedded  in  No.  2. 

The  two  frames  in  their  last  position,  along  with  their  sand,  may  be  compared  to  a  box 
of  which  No.  1  is  the  lid,  and  whose  interior  is  adjusted  exactly  upon  the  enclosed 
pattern. 

If  we  open  this  box,  and  after  taking  out  the  pattern,  close  its  two  halves  again,  then 
pour  in  melted  metal  till  it  fill  every  void  space,  and  become  solid,  we  shall  obviously 
attain  the  wished-for  end,  and  produce  a  piece  of  cast  iron  similar  to  the  pattern.  But 
many  precautions  must  still  be  taken  before  we  can  hit  this  point.  We  must  first  lead 
through  the  mass  of  sand  in  the  frame  No,  1  one  or  more  channels  for  the  introduction 
of  the  melted  metal ;  and  thoush  one  may  suffice  for  this  purpose,  another  must  be  made 
for  letting  the  air  ea:ape.  The  metal  is  run  in  by  several  orifices  at  once,  when  the 
piece  has  consideralfie  surface,  but  little  thickness,  so  that  it  may  reach  the  remotest 
points  sufficiently  hot  and  liquid. 

The  pai-ts  of  the  mould  near  the  pattern  must  likewise  be  pierced  with  small  holes,  by 
means  of  wires  traversing  the  whole  body  of  the  sand,  in  order  to  render  the  mould  more 
porous,  and  to  facilitate  the  escape  of  the  air  and  the  gases.  Then,  before  lifting  off 
the  frame  No.  1,  we  must  tap  the  pattern  slightly,  otherwise  the  sand  enclosing  it  would 
stick  to  it  in  several  points,  and  the  operation  would  not  succeed.  These  gentle  jolts 
are  given  by  means  of  one  or  more  pieces  of  iron  wire  which  have  been  screwed  vertically 
into  the  pattern  before  finally  ramming  the  sand  into  the  frame  No.  1,  or  which  enter 
merely  into  holes  in  the  pattern.  These  pieces  are  sufficiently  long  to  pass  out  through 
the  sand  when  the  box  is  filled ;  and  it  is  upon  their  upper  ends  that  the  horizontal 
blows  of  the  hammer  are  given ;  their  force  being  regulated  by  the  weight  and  magni- 
tude of  the  pattern.  These  rods  are  then  removed  by  drawing  them  straight  out ;  after 
which  the  frame  No.  1  may  be  lifted  off  smoothly  from  the  pattern. 

The  pattern  itself  is  taken  out,  by  lifting  it  in  all  its  parts  at  once,  by  means  of  screw 
pins  adjusted  at  the  moment.  This  manoeuvre  is  executed,  for  large  pieces,  almost 
always  by  several  men,  who,  while  they  lift  the  pattern  with  one  hand,  strike  it  with  the 
other  with  small  repeated  blows  to  detach  the  sand  entirely,  in  which  it  is  generally  more 
engaged  than  it  was  in  that  of  the  frame  No.  1.  But  in  spite  of  all  these  precautions, 
there  are  always  some  degradations  in  one  or  other  of  the  two  parts  of  the  mould  ;  which 
are  immediately  repaired  by  the  workman  with  damp  sand,  which  he  applies  and  presses 
gently  with  his  trowel,  so  as  to  restore  the  injured  forms. 

Hitherto  I  have  supposed  all  the  sand  rammed  into  the  box  to  be  of  one  kind;  but 
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from  economy,  the  green  sand  is  used  only  to  form  the  portion  of  the  mould  next  the 
pattern,  in  a  stratum  of  about  an  inch  thick;  the  rest  of  the  surrounding  space  is  filled 
with  the  sand  of  the  floor  which  has  been  used  in  former  castings.  The  interior  layer 
round  the  pattern  is  called,  in  this  case,  new  sand. 

It  may  happen  that  the  pattern  is  too  complex  to  be  taken  out  without  damaging  the 
mould,  by  two  frames  alone ;  then  3  or  more  are  mutually  adjusted  to  form  the  box. 

When  the  mould,  taken  asunder  into  two  or  more  parts,  has  been  properly  repaired,  its 
interior  surface  must  be  dusted  over  with  wood  charcoal  reduced  to  a  very  fine  powder, 
and  tied  up  in  a  small  linen  bag,  which  is  shaken  by  hand.  The  charcoal  is  thus  sifted 
at  the  moment  of  application,  and  sticks  to  the  whole  surface,  which  has  been  previously 
damped  a  little.  It  is  afterwards  polished  with  a  fine  trowel.  Sometimes,  in  order  to 
avoid  using  too  much  charcoal,  the  surfaces  are  finally  dusted  over  with  sand,  very  finely 
pulverized,  from  a  bag  like  the  charcoal.  The  two  frames  are  now  replaced  with  great 
exactness,  made  fast  together  by  the  ears,  with  wedged  bolts  laid  truly  level,  or  at  the 
requisite  slope,  and  loaded  with  considerable  weights.  When  the  casting  is  large,  the 
charcoal  dusting,  as  well  as  that  of  fine  sand,  is  suppressed.  Everything  is  now  ready 
for  the  introduction  of  the  fused  metal. 

Moulding  in  baked  or  used  sand. — The  mechanical  part  of  this  process  is  the  same  as 
of  the  preceding.  But  when  the  castings  are  large,  and  especially  if  they  are  tall,  the 
hydrostatic  pressure  of  the  melted  metal  upon  the  sides  of  the  mould  cannot  be  counter- 
acted by  the  force  of  cohesion  which  the  sand  acquires  by  ramming.  We  must  in  that 
case  adapt  to  each  of  these  frames  a  solid  side,  pierced  with  numerous  small  holes  to  give 
issue  to  the  gases.  This  does  not  form  one  body  with  the  rest  of  the  frame,  but  is  attached 
extemporaneously  to  it  by  bars  and  wedged  bolts.  In  general,  no  ground  coal  is  mixed 
with  this  sand.  Whenever  the  mould  is  finished,  it  is  transferred  to  the  drying  stove, 
where  it  may  remain  from  12  to  24  hours  at  most,  till  it  be  deprived  of  all  its  humidity. 
The  sand  is  then  said  to  be  baked  or  annealed.  The  experienced  moulder  knows  how 
to  mix  the  different  sands  placed  at  his  disposal,  so  that  the  mass  of  the  mould  as  it 
comes  out  of  the  stove  may  preserve  its  form,  and  be  sufficiently  porous.  Such  moulds 
allow  the  gases  to  pass  through  them  much  more  readily  than  those  made  of  green 
sand ;  and  in  general  the  castings  they  turn  out  are  less  vesicular,  and  smoother  upon 
the  surface.  Sometimes  in  a  large  piece,  the  three  kinds  of  moulding,  that  in  green 
sand,  in  baked  sand,  and  in  loam,  are  combined  to  produce  the  best  result. 

Moulding  in  loam. — This  kind  of  work  is  executed  from  drawings  of  the  pieces  to  be 
moulded,  without  being  at  the  expense  of  making  patterns.  The  mould  is  formed  of  a 
pasty  mixture  of  clay,  water,  sand,  and  cow's-hair,  or  other  cheap  filamentous  matter, 
kneaded  together  in  what  is  called  the  loam  mill.  The  proportions  of  the  ingredients  are 
varied  to  suit  the  nature  of  the  casting.  When  the  paste  requires  to  be  made  very  light, 
horse  dung  or  chopped  straw  is  added  to  it. 

I  shall  illustrate  the  mode  of  fabricating  loam  moulds,  by  a  simple  case,  such  as  that 
of  a  sugar  pan.  Fig.  468  is  the  pan.  There  is  laid  upon  the  floor  of  the  foundry  an 
annular  platform  of  cast-iron,  a  b,fig.  469  ;  and  upon  its  centre  c,  rests  the  lower  extrem- 
ity of  a  vertical  shaft,  adjusted  so  as  to  turn  freely  upon  itself,  while  it  makes  a  wooden 
pattern,  e  /,  Jig.  470,  describe  a  surface  of  revolution  identical  with  the  internal  surface 
reversed  of  the  boiler  intended  to  be  made.  The  outline,  e  g,  of  the  pattern  is  fashioned 
so  as  to  describe  the  surface  of  the  edge  of  the  vessel.  Upon  the  part  a  d  b  d,  fig.  469, 
of  the  flat  cast-iron  ring,  there  must  next  be  constructed,  with  bricks  laid  either  flat  or 
on  their  edge,  and  clay,  a  kind  of  dome,  h  i  k,  fig.  470,  from  two  to  four  inches  thick, 
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according  to  the  size  and  weight  of  the  piece  to  be  moulded.  The  external  surface  of 
the  bricK  dome  ought  to  be  everywhere  two  inches  distant,  at  least,  from  the  surface  de- 
scribed by  the  arc  e  f.  Before  building  up  the  dome  to  the  point  i,  coals  are  to  be  placed 
m  its  inside  upon  the  floor,  which  may  be  afterwards  kindled  for  drying  the  mould.  The 
top  is  then  formed,  leavin?  at  i,  round  the  upright  shaft  of  revolution,  only  a  very  small 
outlet.  This  aperture,  as  also  some  others  left  under  the  edges  of  the  iron  ring,  enable 
the  moulder  to  lisht  the  fire  when  it  becomes  necessary,  and  to  gi-aduate  it  so  as  to  make 
it  last  long  enough  without  needing  more  fuel,  till  the  mould  be  quite  finished  and  dry. 
The  combustion  should  be  always  extremely  slow. 

Over  the  brick  dome  a  nasty  layer  of  loam  is  applied,  and  rounded  with  the  mould 
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g  ef;  this  surface  is  then  coated  with  a  much  smoother  loam,  by  means  of  the  concave 
edge  of  the  same  mould.  Upon  the  latter  surface,  the  inside  of  the  sugar  pan  is  cast; 
the  line  e  g  having  traced,  in  its  revolution,  a  ledge  m.  The  fire  is  now  kindled,  and  as 
the  surface  of  the  mould  becomes  dry,  it  is  painted  over  by  a  brush,  with  a  mixture  of 
water,  charcoal  powder,  and  a  little  clay,  in  order  to  prevent  adhesion  between  the  sur- 
face already  dried  and  the  coats  of  clay  about  to  be  applied  to  it.  The  board  g-  e  /  is 
now  removed,  and  replaced  by  another,  g'  e'  /',  Jig.  All,  whose  edge  e'  /  describes  the 
outer  surface  of  the  pan.  Over  the  surface  e,  /,  a  layer  of  loam  is  applied,  which  is 
turned  and  polished  so  as  to  produce  the  surface  of  revolution  e'  f,  as  was  done  for  the 
surface  «/;  only  in  the  latter  case,  the  line  e'  g'  of  the  board  does  not  form  a  new  shoulder, 
but  rubs  lightly  against  m. 

The  layer  of  loam  included  between  the  two  surfaces  e  /,  e'  /',  is  an  exact  representa- 
tion of  the  sugar  pan.  When  this  layer  is  well  dried  by  the  heat  of  the  interior  fire,  it 
must  be  painted  like  the  former.  The  upright  shaft  is  now  removed,  leaving  the  small 
vent  hole  through  which  it  passed  to  promote  the  complete  combustion  of  the  coal. 
There  must  be  now  laid  horizontally  upon  the  ears  of  the  platform  d  d,  Jig.  469,  an- 
other annular  platform  p  q,  like  the  former,  but  a  little  larger,  and  without  any  cross-bar. 


The  relative  position  of  these  two  platforms  is  shown  in  Jig.  473.  Upon  the  surface 
*'  f)  fis-  472,  a  new  layer  of  loam  is  laid,  two  inches  thick,  of  which  the  surface  is 
smoothed  by  hand.  Then  upon  the  platform  p  q.  Jig.  473,  a  brick  vault  is  constructed, 
whose  inner  surface  is  applied  to  the  layer  of  loam.  This  contracts  a  strong  adherence 
■with  the  bricks  which  absorb  a  part  of  its  moisture,  while  the  coat  of  paint  spread  over 
the  surface  e'  /',  prevents  it  from  sticking  to  the  preceding  layers  of  loam.  The  brick 
dome  ought  to  be  built  solidly. 

The  whole  mass  is  now  to  be  thoroughly  dried  by  the  continuance  of  the  fire,  the 
draught  of  which  is  supported  by  a  small  vent  left  in  the  upper  part  of  the  new  dome  ;  and 
■when  all  is  properly  dry,  the  two  iron  platforms  are  adjusted  to  each  other  by  pin  points, 
and  p  qh  lifted  ofl,  taking  care  to  keep  it  in  a  horizontal  position.  Upon  this  platform 
are  removed  the  last  brick  dome,  and  the  layer  of  loam  which  had  been  applied  next  to 
it ;  the  latter  of  which  represents  exactly  by  its  inside  the  mould  of  the  surface  e'/',  that 
is,  of  the  outside  of  the  pan.  The  crust  contained  between  e  /and  e'  f  is  broken  away, 
an  operation  easily  done  without  injury  to  the  surface  e  f,  which  represents  exactly  the 
inner  surface  of  the  pan ;  or  only  to  the  shoulder  m,  corresponding  to  the  edge  of  the 
vessel.  The  top  aperture  through  which  the  upright  shaft  passed  must  be  now  closed ; 
only  the  one  is  kept  open  in  the  portion  of  the  mould  lifted  off  upon  p  q ;  because  through 
this  opening  the  melted  metal  is  to  be  poured  in  the  process  of  casting.  The  two  plat- 
forms being  replaced  above  each  other  very  exactly,  by  means  of  the  adjusting  pin  points, 
the  mould  is  completely  formed,  and  ready  for  the  reception  of  the  metal. 

When  the  object  to  be  moulded  presents  more  complicated  forms  than  the  one  now 
chosen  for  the  sake  of  illustration,  it  is  always  by  analogous  processes  that  the  workman 
constructs  his  loam  moulds,  but  his  sagacity  must  hit  upon  modes  of  executing  many 
things  which  at  first  sight  appear  to  be  scarcely  possible.  Thus,  when  the  forms  of  the 
interior  and  exterior  do  not  permit  the  mould  to  be  separated  in  two  pieces,  it  is  divided 
into  several,  which  are  nicely  fitted  with  adjusting  pins.  More  than  two  cast-iron 
rings  or  platforms  are  sometimes  necessary.  When  ovals  or  angular  surfaces  must  be 
traced  instead  of  those  of  revolution,  no  upright  shaft  is  used,  but  wooden  or  cast  iron 
guides  made  on  pvrpose,  along  which  the  pattern  cut-out  board  is  slid  according  to  the 
drawing  of  the  piece.  Iron  wires  and  claws  are  often  intcrspei-sed  through  the  brick 
■work  to  give  it  cohesion.  The  core,  kernel,  or  inner  mould  of  a  hollow  casting  is  fre- 
quently fitted  in  when  the  outer  shell  is  moulded.  I  shall  illustrate  this  matter  in  the 
case  of  a  gas-light  retort,  _/?g.  474.  The  core  of  the  retort  ought  to  have  the  form  e  e  e  e, 
and  be  very  solid,  since  it  cannot  be  fixed  in  the  outer  mould,  for  the  casting,  except  in 
the  part  standing  out  of  the  retort  towards  m  m.  It  must  be  modelled  in  loam,  upon 
a  piece  of  cast-iron  called  a  lantern,  made  expressly  for  this  purpose.  The  lantern  is  a 
cylinder  or  a  truncated  hollow  cone  of  cast-iron,  about  half  an  inch  thick ;  and  differ- 
ently shaped  for  every  different  core.  The  surface  is  perforated  with  holes  of  about 
half  an  inch  in  diameter.     It  is  mounted  by  means  of  iron  cross-bars,  upon  an  iron  axis. 
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which  traverses  it  in  the  direction  of  its  length.      Fig.  475  represents  a  horizontal 
section  through  the  axis  of  the  core ;  g  h  is  the  axis  of  the  lantern,  figured  itself  at  i  fc 

474 

475 


k  i ;  0  i  i  0  is  a  kind  of  disc  or  dish,  perpendicular  to  the  axis,  open  at  i  i,  forming  one 
piece  with  the  lantern,  whose  circumference  o  o  presents  a  curve  similar  to  the  section 
of  the  core,  made  at  right  angles  to  its  axis.  We  shall  see  presently  the  two  uses  for 
which  this  dish  is  intended.  The  axis  g  ^  is  laid  upon  two  gudgeons,  and  handles  are 
placed  at  each  of  its  extremities,  to  facilitate  the  operation  in  making  the  core.  Upon 
the  whole  surface  of  the  lantern,  from  the  point  h  to  the  collet  formed  by  the  dish,  a  hay 
cord  as  thick  as  the  finger  is  wound.  Even  two  or  more  coils  may  be  applied,  as  occa- 
sion requires,  over  which  loam  is  spread  to  the  exact  form  of  the  core,  by  applying  with 
the  hand  a  board,  against  the  dish  o  o,  with  its  edge  cut  out  to  the  desired  shape;  as  also 
against  another  dish,  adjusted  at  the  time  towards  A;  while  by  means  of  the  handles  a 
rotatory  movement  is  given  to  the  whole  apparatus. 

The  hay  interposed  between  the  lantern  and  the  loam,  which  represents  the  crust  of 
the  core,  aids  Ih?  adhesion  of  the  clay  with  the  cast-iron  of  the  lantern,  and  gives  passage 
to  the  holes  in  its  surface,  for  the  air  to  escape  through  in  the  casting. 

When  the  core  is  finished,  and  has  been  put  into  the  drying  stove,  the  axis  g  h  h  taken 
out,  then  the  small  opening  which  it  leaves  at  the  point  h,  is  plugged  with  clay.  This  is 
done  by  supporting  the  core  by  the  edges  of  the  dish,  in  a  vertical  position.  It  is  now 
ready  to  be  introduced  into  the  hollow  mould  of  the  piece. 

This  mould  executed  in  baked  sand  consists  of  three  pieces,  two  of  which,  absolutely 
similar,  are  represented,  fig.  476,  at  p  q,  the  third  is 
shown  at  r  s.  The  two  similar  parts  p  q,  present  each 
the  longitudinal  half  of  the  nearly  cylindrical  portion 
of  the  outer  surface  of  the  gas  retort ;  so  that  when 
they  are  brought  toselher,  the  cylinder  is  formed;  r  » 
contains  in  its  cavity  the  kind  of  hemisphere  which 
forms  the  bottom  of  the  retort.  Hence,  by  adding  this 
part  of  the  mould  to  the  end  of  the  two  others,  the 
resulting  apparatus  presents  in  its  interior,  the  exact 
mould  of  the  outside  of  the  retort ;  an  empty  cylin- 
drical portion  t  t,  whose  axis  is  the  same  as  that  of  the 
cylinder  u  u,  and  whose  surface,  if  prolonged,  would  be 
everywhere  distant  from  the  surface  w  u,  by  a  quan- 
tity equal  to  the  desired  thickness  of  the  retort.  The 
diameter  of  the  cylinder  t  t  is  precisely  equal  to  that  of  the  core,  which  is  slightly  conical, 
in  order  that  it  may  enter  easily  into  this  aperture  t  t,  and  close  it  very  exactly  when  it 
is  introduced  to  the  collet  or  neck. 

Tlie  three  parts  of  the  mould  and  the  core  being  prepared,  the  two  pieces  p  q,  must 
first  be  united,  and  supported  in  an  upright  position  ;  then  the  core  must  be  let  down 
into  the  opening  t  t,  fig.  477.  When  the  plate  or  disc  o  o  of  the  core  is  supported  upon 
the  mould,  we  must  see  that  the  end  of  the  core  is  everywhere  equally  distant  from  the 
edge  of  the  external  surface  u  u,  and  that  it  docs  not  s:o  too  far  beyond  the  line  q  q. 
Should  there  be  an  inaccuracy,  we  must  correct  it  by  slender  iron  slips  placed  under  the 
edge  of  the  disc  o  o  ;  then  by  means  of  a  cast-iron  cross,  and  screw  bolts  v  v,  we  fix  the 
core  immoveably.  The  whole  apparatus  is  now  set  down  upon  r  «,  and  we  fix  with  screw 
bolts  the  plane  surface  q  q  upon  r  r ;  then  introduce  the  melted  metal  by  an  aperture  z, 
which  has  been  left  at  the  upper  part  of  the  mould. 

When,  instead  of  the  example  now  selected,  the  core  of  the  piece  to  be  cast  must  go 
beyond  the  mould  of  the  external  surface,  as  is  the  case  with  a  pipe  open  at  each  end, 
the  'hing  is  more  simple,  because  we  may  easily  adjust  and  fix  the  core  by  its  two  ends. 
In  casting  a  retort,  the  metal  is  poured  into  the  mould  set  upright.  It  is  important  to 
maintain  this  position  in  the  two  last  examples  of  casting ;  for  all  the  foreign  matters 
which  may  soil  the  metal  during  its  flow,  as  the  sand,  the  charcoal,  gases,  scoriae,  being 
less  dense  than  it,  rise  constantly  to  the  surface.  The  hydrostatic  pressure  produced  by 
a  high  gate,  or  fillin<;-in  aperture,  contributes  much  to  secure  the  soundness  and  solidity 
of  the  casting.     This  gale-piece  being  superfluous,  is  knocked  off  almost  immediately 
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after,  or  even  before  the  casting  cools.  Very  long,  somewhat  slender  pieces,  are  usually 
cast  in  moulds  set  up  obliquely  to  the  horizon.  As  the  metal  shrinks  in  cooling,  the 
mould  should  always  be  somewhat  larger  than  the  object  intended  to  be  cast.  The  iron 
founder  reckons  in  general  upon  a  linear  shrinkage  of  a  ninety-sixth  part;  that  is,  one  eighth 
of  an  inch  per  foot. 

Melting  of  the  cast  iron.  —  The  metal  is  usually  melted  in  a  cupola  furnace,  of  which 
the  dimensions  are  very  various.  Fig.  478  represents  in  plan,  section,  and  elevation, 
one  of  these  furnaces  of  the  largest  size;  being  capable  of  founding  5  tons  of  cast  iron  at 
a  time.  It  is  kindled  by  laying  a  few  chips  of  wood  upon  its  bottom,  leaving  the  orifice 
c  open,  and  it  is  then  filled  up  to  the  throat  with  coke.  The  fire  is  lit  at  c,  and  in  a 
quarter  or  half  an  hour,  when  the  body  of  fuel  is  sufficiently  kindled,  the  tuyere  blast  is 
set  in  action.  The  flame  issues  then  by  the  mouth  as  well  as  the  orifice  c,  which  has 
been  left  open  on  purpose  to  consolidate  it  by  the  heat.  Without  this  precaution,  the 
sides,  which  are  made  up  in  argillaceous  sand  after  each  day's  work,  would  not  present 
the  necessary  resistance.  A  quarter  of  an  hour  afterwards,  the  orifice  c  is  closed  with  a 
lump  of  moist  clay,  and  sometimes,  when  the  furnace  is  to  contain  a  great  body  of  melted 
metal,  the  clay  is  supported  by  means  of  a  small  plate  of  cast  iron  fixed  against  the 
furnace.  Before  the  blowing  machine  is  set  a  going,  the  openings  g  g  g  had  been  kept 
shut.  Those  of  them  wanted  for  the  tuyeres  are  opened  in  succession,  beginning  at  the 
lowest,  the  tuyeres  being  raised  according  as  the  level  of  the  fused  iron  stands  higher  in 
the  furnace.  The  same  cupola  may  receive  at  a  time  from  one  to  six  tuyeres,  through 
which  the  wind  is  propelled  by  the  centrifugal  action  of  an  eccentric  fan  or  ventilator. 
It  does  not  appear  to  be  ascertained  whether  there  be  any  advantage  in  placing  more 
than  two  tuyeres  facing  each  other  upon  opposite  sides  of  the  furnace.  Their  diameter 
at  the  nozzle  varies  from  3  to  5  inches.  They  are  either  cylindrical  or  slightly  conical, 
A  few  minutes  after  the  tuyeres  have  begun  to  blow,  when  the  coke  sinks  in  the  furnace, 
alternate  charges  of  coke  and  pig  iron  must  be  thrown  in.  The  metal  begins  to  melt  in 
about  20  minutes  after  its  introduction ;  and  successive  charges  are  then  made  every 
10  minutes  nearly  ;  each  charge  containing  from  2  cwts.  to  5  cwts.  of  iron,  and  a  quantity 
proportional  to  the  estimate  given  below.  The  amount  of  the  charges  varies  of  course 
with  the  size  of  the  furnace,  and  the  speed  required  for  the  operation.  The  pi?s  must 
be  previously  broken  into  pieces  weighing  at  most  14  or  16  pounds.  The  vanes  of  the 
blowina;  fan  make  from  625  to  650  turns  per  minute.  The  two  cupolas  represented 
fig.  478,  and  another  alongside  in  the  plan,  may  easily  melt  6|  tons  of  metal  in  2|  hours  j 


that  is,  2|  tons  per  hour.    This  result  is  three  or  four  times  greater  than  what  v/as 
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formerly  obtained  in  similar  cupolas,  when  the  blast  was  thrown  in  from  small  nozzles 
with  cylinder  bellows,  moved  by  a  steam  engine  of  10  horse  power. 

In  the  course  of  a  year,  a  considerable  foundry  like  that  represented  in  the  plan, 
fig.  467,  will  consume  about  300  tons  of  coke  in  melting  1240  tons  of  cast  iron  ;  consisting 
of  940  tons  of  pigs  of  difl'erent  qualities,  and  300  tons  of  broken  castings,  gate-pieces, 
&c.  Thus,  it  appears  that  48  pounds  of  coke  are  consumed  for  melting  every  2  cwt. 
of  metal. 

Somewhat  less  coke  is  consumed  when  the  fusion  is  pushed  more  rapidly  to  collect  a 
great  body  of  melted  metal,  for  casting  heavy  articles  ;  and  more  is  consumed  when,  as  in 
making  many  small  castings,  the  progress  of  the  founding  has  to  be  slackened  from  time 
to  time  ;  otherwise,  the  metal  would  remain  too  long  in  a  state  of  fusion,  and  probably 
become  too  cold  to  afford  sharp  impressions  of  the  moulds. 

It  sometimes  happens  that  in  the  same  day,  with  the  same  furnace,  pieces  are  to  be 
cast  containing  several  proportions  of  different  kinds  of  iron ;  in  which  case,  to  prevent 
an  intermixture  with  the  preceding  or  following  charges,  a  considerable  bed  of  coke  is 
interposed.  Though  there  be  thus  a  little  waste  of  fuel,  it  is  compensated  by  the 
improved  adaptation  of  the  castings  to  their  specific  objects.  The  founding  generally  begins 
at  about  3  o'clock,  p.  m.,  and  goes  on  till  6  or  8  o'clock.  One  founder,  aided  by  four 
laborers  for  charging,  &c.,  can  manage  two  furnaces. 

The  following  is  the  work  of  a  well-managed  foundry  in  Derby. 

200  lbs.  of  coke  are  requisite  to  melt,  or  bring  down  (in  the  language  of  the  founders), 
1  ton  of  cast-iron,  after  the  cupola  has  been  brought  to  its  proper  heat,  by  the  combustion 
in  it  of  9  baskets  of  coke,  weighing,  by  my  trials,  40  pounds  each,  =  3fc!0  lbs. 

The  chief  talent  of  the  founder  consists  in  discovering  the  most  economical  mixtures, 
and  so  compounding  them  as  to  produce  the  desired  properties  in  the  castings.  One 
piece,  for  example,  may  be  required  to  have  great  strength  and  tenacity  to  bear  heavy 
weights  or  strains;  another  must  yield  readily  to  the  chisel  or  the  file;  a  third  must  resist 
sudden  alternations  of  temperature;  and  a  fourth  must  be  pretty  hard. 

The  filling  in  of  the  melted  metal  is  managed  in  two  ways.  For  strong  pieces,  whose 
moulds  can  be  buried  in  the  ground  at  7  or  8  yards  distance  from  the  furnace,  the  metal 
may  be  run  in  gutters,  formed  in  the  sand  of  the  floor,  sustained  by  plates  or  stones.  The 
clay  plug  is  pierced  with  an  iron  rod,  when  all  is  ready. 

When  from  the  smaller  size,  or  greater  distance  of  the  moulds,  the  melted  metal 
cannot  be  run  along  the  floor  from  the  furnace,  it  is  received  in  cast-iron  pots  or  ladles, 
lined  with  a  coat  of^loam.  These  are  either  carried  by  the  hands  of  two  or  more  men, 
or  transported  by  the  crane.  Between  the  successive  castings,  the  discharge  hole  of  the 
furnace  is  closed  with  a  lump  of  clay,  applied  by  means  of  a  stick,  having  a  small  disc  of 
iron  fixed  at  its  end. 

After  the  metal  is  somewhat  cooled,  the  moulds  are  taken  asunder,  and  the  excres- 
cences upon  the  edges  of  the  castings  are  broken  off  with  a  hammer.  They  are  afterwards 
more  carefully  trimmed  or  chipped  by  a  chisel  when  quite  cold.  The  loss  of  weight  in 
foundins  is  about  65  per  cent,  upon  the  pig  iron  employed.  Each  casting  always  requires 
the  melting  of  considerably  more  than  its  own  weight  of  iron.  This  excess  forms  the 
gates,  false  seams,  &c.  ;  the  whole  of  which  being  deducted,  shows  that  1  cwt.  of  coke 
is  consumed  for  every  3  cwts.  of  iron  put  into  the  furnace;  for  every  138  cwts.  of  crude 
metal,  there  will  be  100  cwts.  of  castings,  32  of  refuse  pieces,  and  6  of  waste. 

Explanation  of  the  plates. 

Manner  of  constructing  the  Mould  of  a  Sugar-pan. 

Fig.  468.  View  of  the  pan. 

—  469.  Flat  ring  of  cast-iron  for  supporting  the  inner  mould. 

—  470.  Construction  of  the  inner  mould. 

—  471.  Formation  of  the  outer  surface  of  the  pan. 

—  472.  Finished  mould, 

—  473.  Position  of  the  two  fiat  cast-iron  rings,  destined  to  sustain  the  moulds  of  the 
inner  and  the  outer  surface. 

Gas-retort  Moulding. 

—  474,  Vertical  projection,  perpendicular  to  the  axis  of  the  retort ;  and  two  sections, 
the  one  upright,  the  other  horizontal. 

—  475.  Construction  of  the  core  of  the  retort. 

—  476.  Disposition  of  the  outer  mould. 

—  477.  Adjustment  of  the  core  in  the  mould. 

—  478.  Cupola  furnace.     It  is  3  feet  wide  within,  and  13|high. 
mm,  solid  body  of  masonry,  as  a  basis  to  the  furnace. 
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b  b,  octagonal  platform  of  cast  iron,  with  a  ledge  in  which  the  plates  a  a  a  a  are  en- 
gaged. 

a  a,  eight  plates  of  cast  iron,  1  inch  thick,  absolutely  similar;  only  one  of  them  is 
notched  at  its  lower  part  in  c,  to  allow  the  melted  metal  to  run  out,  and  two  of  the  others 
have  six  apertures  g  g  g,  &c.  to  admit  the  tuyeres. 

c,  orifice  for  letting  the  metal  flow  out.  A  kind  of  cast  iron  gutter,  e,  lined  Avith  loam, 
is  fitted  to  the  orifice. 

d,  hoops  of  hammered  iron,  4|  inches  broad ;  one  half  of  an  inch  thick  for  the  bottom 
ones,  and  a  quarter  of  an  inch  for  the  upper  ones.  The  intermediate  hoops  decrease  in 
thickness  from  below  upwards  between  these  limits. 

e,  cast  iron  gutter  or  spout,  lined  with  loam,  for  running  off  the  metal. 

//,    cylindrical  piece  of  cast  iron,  for  increasing   the   height  and   dr-aught  of  the 

furnace. 

g,  side  openings  for  receiving  the  tuyeres,  of  which  there  are  six  upon  each  side  of  the 

furnace.     Each  of  them  may  be  shut  at  pleasure,  by  means  of  a  small  cast  iron  plate  h, 

made  to  slide  horizontally  in  grooves  sunk  in  the  main  plate,  pierced  with  the  holes 

g  g- 

k  k,  interior  Iming  of  the  surface,  made  of  sand,  somewhat  argillaceous,  in  the  following 

way.  After  having  laid  at 
the  bottom  of  the  furnace  a 
bed  of  sand  a  few  inches  thick, 
slightly  sloped  towards  the 
orifice  of  discharge,  there  is 
set  upright,  in  the  axis  of  the 
cupola,  a  wooden  cylinder  of 
its  whole  height,  and  of  a 
diameter  a  little  less  than  that 
of  the  vacant  space  belonging 
to  the  top  of  the  furnace. 
Sand  is  to  be  then  rammed  in 
so  as  to  fill  the  whole  of  the 
furnace  ;  after  which  the 
wooden  cylinder  is  with- 
drawn, and  the  lining  of  sand 
is  cut  or  shaved  away,  till  it  has 
received  the  proper  form. 
This   lining   lasts   generally 

5  or  6  weeks,  when  there   are 

6  meltings  weekly. 
i  i,  cast  iron  circular  plate, 

through  which  the  mouth  of 
the  furnace  passes,  for  protect- 
ing the  lining  in  k  during  the 
introduction  of  the  charges. 

N  N,  level  of  the  floor  of  the 
foundry.  The  portion  of  it 
below  the  running  out  orifice 
consists  of  sand,  so  that  it  may 
be  readily  sunk  when  it  is  wish- 
ed to  receive  the  melted  metal 
in  ladles  or  pots  of  large  di- 
mensions. 

The  fan  distributes  the  blast 
from  the  main  pipe  to  three 
principal  points,  by  three 
branch  tubes  of  distribution. 
A  register,  consisting  of  a 
cast-iron  plate  sliding  with 
friction  in  a  frame,  serves  to 
intercept  the  blast  at  any  mo- 
ment, when  it  is  not  desirable 
to  stop  the  moving  power. 
A  large  main  pipe  of  zinc  or 
sheet  iron  is  fitted  to  the  ori- 
fice of  the  slide  valve.  It  is 
square  at  the  beginning,  or 
only  rounded   at   the   angles ; 
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but  at  a  little  distance  it  becomes  cylindrical,  and  conducts  the  blast  to  the  divaricating 
points.  There,  each  of  the  branches  turns  up  vertically,  and  terminates  at  bb,  fig.  479, 
where  it  presents  a  circular  orifice  of  7^  inches.  Upon  each  of  the  upright  pipes  6,  the 
one  end  of  an  elbow-tube  of  zinc  c  c  c  c,  fig.  479,  is  adjusted  rather  loosely,  and  the 
other  end  receives  a  tuyere  of  wrought  iron  d  d,  through  the  intervention  of  a  shifting 
hose  or  collar  of  leather  c  c  d,  hooped  with  iron  wire  to  both  the  tube  and  the  tuyere. 
The  portion  c  c  c  c  may  be  raised  or  lowered,  by  sliding  upon  the  pipe  b,  in  order  to 
bring  the  nozzle  of  the  tuyere  d  d,  to  the  requisite  point  of  the  furnace.  The  portion 
c  c  c  c  may  be  made  also  of  wrought  iron.  A  power  of  4  horses  is  adequate  to  drive  this 
fan,  for  supplying  blast  to  3  furnaces. 

The  founders  have  observed  the  efflux  of  air  was  not  the  same  when  blown  into  the 
atmosphere,  as  it  was  when  blown  into  the  furnaces ;  the  velocity  of  the  fan,  with  the 
same  impulsive  power,  being  considerably  increased  in  the  latter  case.  They  imagine  that 
this  circumstance  arises  from  the  blast  being  sucked  in,  so  to  speak,  by  the  draught  of  the 
furnace,  and  that  the  fan  then  supplied  a  greater  quantity  of  air. 

The  following  experimental  researches  show  the  fallacy  of  this  opinion.  Two  water 
syphons,  e  e  e,  /  f  f,  made  of  glass  tubes,  one  fifth  of  an  inch  in  the  bore,  were  inserted 
into  the  tuyere,  containing  water  in  the  portions,  g  g  g,  h  h  h.  The  one  of  these  mano- 
meters for  measuring  the  pressure  of  the  air  was  inserted  at  k,  the  other  in  Ihp  centre  of 
the  nozzle.  The  size  of  this  glass  lube  was  too  small  to  obstruct  in  any  sensible  degree 
the  outlet  of  the  air.  It  was  found  that  when  the  tuyeres  of  the  fan  discharged  into  the 
open  air,  the  expenditure  by  a  nozzle  of  a  constant  diameter  was  proportional  to  the 
number  of  the  revolutions  of  the  vanes.  It  was  further  found,  that  when  the  speed  of  the 
vanes  was  constant,  the  expenditure  by  one  or  by  two  nozzles  was  proportional  to  the  total 
area  of  these  nozzles.  The  following  formulte  give  the  volume  of  air  furnished  bv  the 
fan,  when  the  number  of  turns  and  the  area  of  the  nozzles  are  known. 

25-32  S  n 
Volume  = (1) 

1-000,000 
0-86'6'7  S  n 
Volume  =. (2) 

1,000,000 

The  volume  is  measured  at  32°  Fahr.,  under  a  pressure  of  29-6  inches  barom. 

S  =  is  the  total  area  of  the  orifices  of  the  tuyeres  in  square  inches. 

w  =  the  number  of  turns  of  the  vanes  in  a  minute. 

After  measuring  the  speed  of  the  vanes  blowing  into  the  atmosphere,  if  we  introduce 
the  nozzle  of  discharge  into  the  orifice  of  the  furnace,  we  shall  find  that  their  speed  im- 
mediately augments  in  a  notable  deeree.  We  misht,  therefore,  naturally  suppose  that 
the  fan  furnishes  more  air  in  the  second  case  than  in  the  first ;  but  a  little  reflection  will 
show  that  it  is  not  so.  In  fact,  the  air  which  issues  in  a  cold  state  from  the  tuyere 
encounters  instantly  in  the  furnace  a  very  high  temperature,  which  expands  it,  and 
contributes,  along  with  the  solid  matters  Avith  which  the  furnace  is  filled,  to  diminish 
the  facility  of  the  discharge,  and  consequently  1o  retard  the  efflux  by  the  nozzles.  The 
oxygen  gas  consumed  is  replaced  by  a  like  volume  of  carbonic  acid  gas,  equally  expan- 
sible by  heat.  Reason  leads  us  to  conclude  that  less  air  flows  from  the  nozzles  into  the 
furnace  than  into  the  open  atmosphere. 

The  increase  in  the  velocity  of  the  vanes  takes  place  precisely  in  the  same  manner, 
when  after  having  made  the  nozzles  blow  into  the  atmosphere,  we  substitute  for  these 
nozzles  others  of  a  smaller  diameter,  instead  of  directing  the  larger  ones  into  the  furnace. 
Hence  we  may  conceive  that  the  proximity  of  the  charged  furnace  acts  upon  the  blast 
like  the  contraction  of  the  nozzles.  When  the  moving  power  is  uniform,  and  the  velocity 
of  the  vanes  remains  the  same,  the  quantity  of  air  discharged  must  also  be  the  same  in  the 
two  cases. 

Two  tuyeres,  one  5  inches  in  diameter,  the  other  4^,  and  Avhich,  consequently,  pre- 
sented a  total  area  of  805  square  inches,  discharged  air  into  one  of  the  furnaces,  from  a 
fan  whose  vanes  performed  654  turns  in  the  minute.  These  two  nozzles  being  briskly 
withdrawn  from  the  furnace,  and  turned  round  to  the  free  air,  while  a  truncated  paste- 
board cone  of  3|  inches  diameter  was  substituted  for  the  nozzle  of  4|  inches,  whereby 
the  area  of  efflux  was  reduced  to  29-3  square  inches,  the  velocity  of  the  vanes  continued 
exactly  the  same.  The  inverse  operation  having  been  performed,  that  is  to  say,  the  two 
original  nozzles  havinu  been  smartly  replaced  in  the  furnace,  to  discover  whether  or  not 
the  moving  power  had  changed  in  the  interval  of  the  experiment,  they  betrayed  no  per- 
ceptible alteration  of  speed.  From  the  measures  taken  to  count  the  speed,  the  error 
could  not  exceed  3  revolutions  per  minute,  which  is  altogether  unimportant  upon  the 
number  654. 
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It  follows,  therefore,  that  when  the  vanes  of  the  fan  have  the  velocity  of  654  turns  per 
minute,  the  expenditure  by  two  nozzles,  whose  joint  area  is  35^  square  inches,  both 
blowing  into  a  furnace,  is  to  the  expenditure  which  takes  place,  when  the  same  nozzles 
blow  into  the  air,  as  35-5  is  to  29-3  ;  tliat  is,  a  little  more  than  four  fifths. 

If  this  be,  as  is  probable,  a  general  rule  for  areas  and  speeds  considerably  different 
from  the  above,  to  find  the  quantity  of  air  bltjwn  into  one  or  more  furnaces  by  the  fan, 
we  should  calculate  the  volume  by  one  of  the  above  formulae  (1)  or  (2),  and  take  four  fifths 
of  the  result  as  the  true  quantity. 

The  fan  a  c  here  represented  is  of  the  best  eccentric  form,  as  constructed  by  Messrs. 
Braithwaite  and  Ericsson,  d  is  the  circular  orifice  round  the  axis  by  which  the  air  is 
admiiied;  and  c  c  b  is  the  eccentric  channel  through  which  the  air  is  wafted  towards 
the  main  discharse  pipe  e. 

FOUNTAIN  ;  a  stream  of  water  rising  up  through  the  superficial  strata  of  the  earth. 
See  Artksian  Wells. 

FOXING  is  a  term  employed  by  brewers  to  characterize  the  souring  of  beer,  in  the 
process  of  its  fermentation  or  ripening. 

FRANKFORT  BLACK  is  made  by  calcining  vine  branches,  and  the  other  refuse 
lees  of  the  vinegar  vats  in  Germany.     I'hey  must  be  previously  washed. 

FREEZING.  {C 011  gel aii 071,  Fr.;  Gefrieruvg,  Genr).)  The  three  general  forms,  solid, 
liquid,  and  gaseous,  under  one  or  other  of  which  all  kinds  of  matter  exist,  seem  to  be 
immediately  referable  to  the  influence  of  heat ;  modifying,  balancing,  or  subduing  the 
attraction  of  cohesion.  Every  solid  may  be  liquefied,  and  every  liquid  may  be  vaporized, 
by  a  certain  infusion  of  caloric,  whether  this  be  regarded  as  a  moving  power  or  an  elas- 
tic essence.  The  converse  of  this  proposition  is  equally  true;  for  many  eases,  till  lately 
styled  permanent,  may  be  liquefied,  nay,  even  solidified,  by  diminution  of  their  tempera- 
ture, either  alone,  or  aided  by  a  condensing  force,  to  bring  their  particles  within  the 
sphere  of  aggregative  attraction.  When  a  solid  is  transformed  into  a  liquid,  and  a  liquid 
into  a  gas  or  vapor,  a  quantity  more  or  less  considerable  of  heat  is  absorbed,  or  becomes 
latent,  to  use  the  term  of  Dr.  Black,  the  celebrated  discoverer  of  this  great  law  of  nature. 
When  the  opposite  transformation  takes  place,  the  heat  absorbed  is  again  emitted,  or 
what  was  latent  becomes  sensible  caloric.  Upon  the  first  principle,  or  the  absorption  of 
heat,  are  founded  the  various  artificial  methods  of  producing  cold  and  congelation. 
Tables  exhibiting  a  collective  view  of  all  the  Frigorific  Mixtures  contained  in 
Mr.  Walker's  publication, "1808. 

I. — Table  consisting  of  Frigorific  Mixtures,  composed  of  ice,  with  chemical  salts  and 
acids. 

Frigorific  Mixtures  with  Ice. 


MIXTURES. 

Thermometer  sinks. 

Degree  of  cold 
produced. 

Snow,  or  pounded  ice             -     2  parts 
Muriate  of  soda         -             -     1 
Snow,  or  pounded  ice              -     5  parts 
Muriate  of  soda         -             -     2 
Muriate  of  ammonia  -             -     1 

Si 

c 
E 
£. 

>-> 

c 
es 

S 

2 

to  —  5° 

« 

to  —  12° 

« 

Snow,  or  pounded  ice             -  24  parts 
Muriate  of  soda         -            -  10 
Muriate  of  ammonia              -    5 
Nitrate  of  potash        -             -     5 

to  —  18° 

• 

Snow,  or  pounded  ice            -  12  parts 
Muriate  of  soda        -            -    5 
Nitrate  of  ammonia  -             -     5 

to  —  25° 

« 

?r?T  ^      ,  J    •        '^           'I  P^'^^         From  +  32°  to  -  23° 
Diluted  sulphuric  acid           -     2 

55 

Snow              -             -             -     8  parts 
Muriatic  acid             -            -     5 

From  +  32°  to  —  27° 

59 

Snow              -            -            -    7  parts 
Diluted  nitric  acid     -            -    4 

From  +  32°  to  —  30° 

62 

Snow              -             -             -     4  parts 
Muriate  of  lime         -            -     5 

From  -f  32°  to  —  40° 

72 

Snow              -            -            -    2  parts 
Cryst.  muriate  of  lime           -    3 

From  +  32°  to  —  50° 

82 

Snow              -            -            -     3  parts 
Potash           -            -            -     4 

From  +  32°  to  —  51° 

83 
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N.  B. — The  reason  for  the  omissions  in  the  last  column  of  the  preceding  table  is,  the 
thermometer  sinking  in  these  mixtures  to  the  degree  mentioned  in  the  preceding  column, 
and  never  lower,  whatever  may  be  the  temperature  of  the  materials  at  mixing. 

II. — Table,  consisting  of  Frigorific  Mixtures,  having  the  power  of  generating  or  cre- 
ating cold,  without  the  aid  of  ice,  sufficient  for  all  useful  and  philosophical  purposes,  in 
any  part  of  the  world  at  any  season. 

Frigorific  Mixtures  without  Ice. 


MIXTURES. 

Thermometer  sinks. 

Degree  of  cold 
produced. 

Muriate  of  ammonia  -             -     5  parts 
Nitrate  of  potash       -            -     5 
Water             -             -             -  16 

From  +  50°  to  +  10° 

40° 

Muriate  of  ammonia              -     5  parts 
Nitrate  of  potash       -            -     5 
Sulphate  of  soda        -            -     8 
Water            -            -            -  16 

From  -\-  50°  to  -f-  4° 

46 

Nitrate  of  ammonia  -            -     1  part 
Water            -             -             -     1 

From  +  50°  to  -f  4° 

46 

Nitrate  of  ammonia   -             -     1  part 
Carbonate  of  soda      -             -     1 
Water             -             -             -     1 

From  -\-  50°  to  —  7° 

57 

Sulphate  of  soda        -             -     3  parts 
Diluted  nitric  acid     -            -     2 

From  +  50°  to  —  3° 

53 

Sulphate  of  soda         -             -     6  parts 
Muriate  of  ammonia              -    4 
Nitrate  of  potash        -            -    2 
Diluted  nitric  acid     -            -     4 

From  -|-  50°  to  —  10° 

60 

Sulphate  of  soda         -             -     6  parts 
Nitrate  of  ammonia  -            -     5 
Diluted  nitric  acid     -             -     4 

From  +  50°  to  —  14° 

64 

Phosphate  of  soda      -            -     9  parts 
Diluted  nitric  acid     -            -     4 

From  -[-  50°  to  —  12° 

62 

Phosphate  of  soda     -             -     9  parts 
Nitrate  of  ammonia  -            -     6 
Diluted  nitric  acid     -             -     4 

From  -f  50°  to  —  21° 

71 

Sulphate  of  soda         -             -     8  parts 
Muriatic  acid    -         -            -     5 

From  4-  50°  to  0° 

50 

Sulphate  of  soda        -            -     5  parts 
Diluted  sulphuric  acid            -     4 

From  -f  50  to  +  3° 

47 

N.  B. — If  the  materials  are  mixed  at  a  warmer  temperature  than  that  expressed  in  the 
table,  the  effect  will  be  proportionably  greater;  thus,  if  the  most  powerful  of  these 
mixtures  be  made  when  the  air  is  -j-  85°,  it  will  sink  the  thermometer  to  -|-  2°. 

III. — Table  consisting  of  Frigorific  Mixtures  selected  from  the  foregoing  Tables,  and 
combined  so  as  to  increase  or  extend  cold  to  the  extremest  degrees. 

Combinations  of  Frigorific  Mixtures. 


MIXTtRES. 

Thermometer  sinks. 

Degree  of  cold 
produced. 

Phosphate  of  soda     - 
Nitrate  of  ammonia  - 
Diluted  nitric  acid     - 

-  5  parts 

-  3 

-  4 

From  0°  to  —  34° 

34° 

Phosphate  of  soda 
Nitrate  of  ammonia  - 
Diluted  mixed  acids  - 

-  3  parts 

-  2 

-  4 

From  —  34°  to  —  50° 

16 

Snow 

Diluted  nitric  acid     - 

-  3  parts 

-  2 

From  0°  to  —  46° 

46 
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TABLE  m.— -continued. 


MIXTURES. 

Thermometer  sinks. 

1 

Deg.  of  cold 
produced. 

Snow            .        -        . 
Diluted  sulphuric  acid 
Diluted  nitric  acid 

-  8  parts 

-  3 

-  3 

From  —  10°  to  —  56° 

46 

Snow  -         -         -         - 
Diluted  sulphuric  acid  - 

-  1  part 

-  1 

From  —  20"  to  —  60° 

40 

Snow  -         -         -         - 
Muriate  of  lime    - 

-  3  parts 

-  4 

From  -f  20°  to  —  48° 

68 

Snow  -         -         -         - 
Muriate  of  lime    - 

-  3  parts 

-  4 

From  +  10°  to  —  54° 

64 

Snow   -         -         .         - 
1     Muriate  of  lime    - 

-  2  parts 

-  3 

From  —  15°  to  —  68° 

53 

Snow   -         -         -         - 
Cryst.  muriate  of  lime  - 

-  1  part 

-  2 

From  0°  to  —  66° 

66 

Snow  -         -         -         - 
Cryst.  muriate  of  lime  - 

-  1  part 

-  3 

From  —  40°  to  —  73° 

33 

Snow  -         -         -         - 
Diluted  sulphuric  acid  - 

-  8  parts 

-  10 

From  — 68°  to— 91° 

23 

N.  B. — The  materials  in  the  first  column  are  to  be  cooled,  previously  to  mixing,  to  the 
temperature  required,  by  mixtures  taken  from  either  of  the  precedins;  tables. 

Water  absorbs  1000  degrees  of  heat  in  becoming  vapor;  whence,  if  placed  in  a  saucer 
within  an  exhausted  receiver,  over  a  basin  containing  strong  sulphuric  acid,  it  will  freeze 
by  the  rapid  absorption  of  its  heat  into  the  vapor  so  copiously  formed  under  these  circum- 
stances. 

But  the  most  powerful  means  of  artificial  refrigeration  is  afforded  by  the  evaporation 
of  liquefied  carbonic  acid  gas ;  for  the  frozen  carbonic  acid  thus  obtained  has  probably  a 
temperature  100°  under  zero ;  so  that  when  a  piece  of  it  is  laid  upon  quicksilver,  it  in- 
stantly congeals  this  metal.  The  more  copious  discussion  of  this  subject  belongs  to 
chemical  science. 

FRENCH  BERRIES;  Berries  of  Avignon. 

FRICTION,  counteraction  of;  see  Lubrication. 

FRIT ;  see  Enamel  and  Glass. 

FUEL  (Combustible,  Fr. ;  Brennstoff,  Germ.). 

Such  combustibles  as  are  used  for  fires  or  furnaces  are  called  fuel,  as  wood,  turf,  pit- 
coal.     These  differ  in  their  nature  and  in  their  power  of  giving  heat. 

I.  Wood,  which  is  divided  into  hard  and  soft.  To  the  former  belong  the  oak,  the 
beech,  the  alder,  the  birch,  and  the  elm  ;  to  the  latter,  the  fir,  the  pine  of  difterent  sorts, 
the  larch,  the  linden,  the  willow,  and  the  poplar. 

Under  like  dryness  and  weight  different  woods  are  found  to  afford  equal  degrees  of^ 
heat  in  combustion.  Moisture  diminishes  the  heating  power  in  three  ways  ;  by  diminish- 
ing the  relative  weight  of  the  ligneous  matter,  by  wasting  heat  in  its  evaporation,  and 
by  causing  slow  and  imperfect  combustion.  If  a  piece  of  wood  contain,  for  example,  25 
per  cent,  of  water,  then  it  contains  only  75  per  cent,  of  fuel,  and  the  evaporation  of  that 
■water  will  require  J^  part  of  the  weight  of  the  wood.  Hence  the  damp  wood  is  of  less 
value  in  combustion  by  -8_  or  |.  than  the  dry.  The  quantity  of  moisture  in  newly  felled 
wood  amounts  to  from  20  to  50  per  cent.  ;  birch  contains  30,  oak  35,  beech  and  pine  39, 
alder  41,  fir  45.  According  to  their  different  natures,  woods  which  have  been  felled  and 
cleft  for  12  months  contain  still  from  20  to  25  per  cent,  of  water.  There  is  never  less 
than  10  per  cent,  present,  even  when  it  has  been  kept  long  in  a  dry  place,  and  though  it 
be  dried  in  a  strong  heat,  it  will  afterwards  absorb  10  or  12  per  cent,  of  water.  If  it  be 
too  strongly  kiln  dried,  its  heating  powers  are  impaired  by  the  commencement  of  carbon- 
ization, as  if  some  of  its  hydrogen  were  destroyed.  It  may  be  assumed  as  a  mean  of 
many  experimental  results,  that  1  pound  of  artificially  dried  wood  will  heat  35  pounds 
of  water  from  the  freezing  to  the  boilin?  point;  and  that  a  pound  of  such  wood  as  con- 
tains from  20  to  25  per  cent,  of  water  will  heat  26  pounds  of  ice-cold  water  to  the  same 
degree.  It  is  belter  to  buy  Avood  by  measure  than  by  weight,  as  the  bulk  is  very  little 
increased  by  moisture.  The  value  of  different  woods  for  fuel  is  inversely  as  their  mois- 
ture, and  this  may  easily  be  ascertained  by  taking  their  shavings,  drying  them  in  a  heat 
of  140°  F.,  and  seeing  how  much  weight  they  lose. 

From  every  combustible  the  heat  is  diffused  either  by  radiation  or  by  direct  communi- 
cation to  bodies  in  contact  with  the  flame.  In  a  wood  fire  the  quantity  of  radiating  heat 
is  to  that  diflused  by  the  air  as  1  to  3 ;  or  it  is  one  fourth  of  the  whole  heating  power 
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II.  Charcoal.  The  different  charcoals  afford,  under  equal  weights,  equal  quantities  of 
heat.  We  may  reckon,  upon  an  average,  that  a  pound  of  dry  charcoal  is  capable  of 
healing  73  pounds  of  waier  from  the  freezing  to  the  boiling  point;  but  when  it  has  been 
for  some  time  exposed  to  the  air,  it  contains  at  least  10  per  cent,  of  water,  which  is  par- 
tially decomposed  in  the  combustion  into  carbureted  hydrogen,  which  causes  flame, 
whereas  pure  dry  charcoal  emits  none. 

A  cubic  foot  of  charcoal  from  soft  wood  weighs,  upon  an  average,  from  8  to  9  pounds, 
and  from  hard  wood  12  to  13  pounds;  and  hence  the  latter  are  best  adapted  to  maintain 
a  hisjli  heat  in  a  small  compass.  The  radiating  heat  from  charcoal  fires  constitutes  one 
third  of  the  whole  emitted. 

III.  Pilcoal.  The  varieties  of  this  coal  are  almost  indefinite,  and  give  out  very  va- 
rious quantities  of  heat  in  their  combustion.  The  carbon  is  the  heat-givin?  constituent, 
and  it  amounts,  in  ditl'erent  coals,  to  from  75  to  95  per  cent.  One  pound  of  good  pitcoal 
will,  upon  an  average,  heat  60  pounds  of  water  from  the  fieezing  to  the  boiling  point. 
Small  coal  gives  out  three  fourtlis  of  the  heat  of  the  larger  lumps.  The  radiating  heat 
emitted  by  burninsj  pitcoal  is  sreater  than  that  by  charcoal. 

IV.  The  coke  of  pitcoal. — The  heating  power  of  good  coke  is  to  that  of  pitcoal  as  75 
to  69.  One  pound  of  the  former  will  heat  65  pounds  of  water  from  32°  to  2I2°;  so  that 
its  power  is  equal  to  nine  tenths  of  that  of  wood  charcoal. 

V.  Turf  or  peal. —  One  pound  of  this  fuel  will  heat  from  25  to  30  pounds  of  water 
from  freezing  to  boiling.  Its  value  depends  upon  its  compactness  and  freedom  from 
earlhy  particles;  and  its  radiating  power  is  to  the  whole  heat  it  emits  in  burning  as  1  to  3. 

VI.  Carbureted  hydrogen  or  coal  gas. — One  pound  of  this  gas,  equal  to  about  24  cubic 
feet,  disengages,  in  burning,  as  much  heat  as  will  raise  76  pounds  of  water  from  the 
freezing  to  the  boiling  temperature. 

In  the  following  table  the  fourth  column  contains  the  weight  of  atmospherical  air, 
whose  oxygen  is  required  for  the  complete  combustion  of  a  pound  of  each  particular 
substance. 


I'liuiids  of  wat«r 

I'duihIs  oI    lioiliiig 

Weight  of  atmospheric 

Species  of  roniljustible. 

winch  a  pound  ran 

water  evaporated  bj 

air  at  32°,  to  bum 

heal  from  0°  lo  212°. 

1  pound. 

1  pound. 

Perfectly  dry  wood 

35  00 

6-36 

5-96 

Wood  in  its  ordinary  state 

26-00 

4-72 

4-47 

Wood  charcoal 

73-00 

13-27 

11-46 

Pitcoal     - 

60  00 

10-90 

9-26 

Coke 

65-00 

11-81 

11-46 

Turf 

30-00 

5-45 

4-60 

Turf  charcoal 

64-00 

11-63 

9-86 

Carbureted  hydrogen  gas  - 

76-00 

13-81 

14-58 

Oil           ) 

Wax        \ 

78-00 

14-18 

15-00 

Tallow    ) 

Alcohol  of  the  shops 

52-60 

9-56 

11-60 

The  quantity  of  air  stated  in  the  fourth  column  is  the  smallest  possible  required  to 
burn  the  combustible,  and  is  greatly  less  than  would  be  necessary  in  practice,  where 
much  of  the  air  never  comes  into  contact  with  the  burning  body,  and  where  it  conse- 
quently never  has  its  whole  oxygen  consumed.  The  heating  power  stated  in  the  second 
column  is  also  the  maximum  effect,  and  can  seldom  be  realized  with  ordinary  boilers. 
The  drausht  of  air  usually  carries  off  at  least  1  of  the  heat,  and  more  if  its  tempera- 
ture be  very  hish  when  it  leaves  the  vessel.  In  this  case  it  may  amount  to  one  half 
of  the  whole  heat  or  more;  without  reckoning  the  loss  by  radiation  and  conduction, 
which,  however,  may  be  rendered  very  small  by  enclosing  the  fire  and  flues  within  pro- 
per non-conductin?  and  non-radiating  materials. 

It  appears  that,  in  practice,  the  quantity  of  heat  which  may  be  obtained  from  any  com- 
bustible in  a  properly  mounted  apparatus  must  vary  with  the  nature  of  the  object  to  be 
heated.  In  heating  chambers  by  stoves,  and  water  boilers  by  furnaces,  the  effluent  heat 
in  the  chimney  which  constitutes  the  principal  waste  may  be  reduced  to  a  very  moderate 
quantit)',  in  comparison  of  that  which  escapes  from  the  best  constructed  reverberatory 
hearth.  In  heatin?  the  boilers  of  steam  engines,  one  pound  of  coal  is  reckoned  adequate 
to  convert  7^  pounds  of  boiline  water  into  vapor;  or  to  heat  41|  pounds  of  water  from 
the  freezing  to  the  boiling  point.  One  pound  of  fir  of  the  usual  dryness  will  evaporate 
4  pounds  of  water,  or  heat  22  pounds  to  the  boiling  temperature;  wliich  is  about  two 
thirds  of  the  maximum  effect  of  this  combustible.  According  to  Watt's  experiments  upon 
the  great  scale,  one  pound  of  coal  can  boil  off',  with  the  best  built  boiler,  9  pounds  of 
water ;   the  deficiency  from  the  maximum  effect  being  here  J^,  or  nearly  one  si.xth. 

In  many  cases,  the  hot  air  which  passes  into  the  flues  or  chimneys  may  be  bene- 
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ficially  applied  to  the  heating,  drying,  or  roasting  of  objects ;  but  care  ought  to  be  taken 
that  the  draught  of  the  fire  be  not  thereby  impaired,  and  an  imperfect  combustion  of  the 
fuel  produced.  For  at  a  low  smothering  temperature  both  carbonic  oxyde  and  carburet- 
ed hydrogen  may  be  generated  from  coal,  without  the  production  of  much  heat  in  the 
fire-place. 

To  determine  exactly  the  quantity  of  heat  disengaged  by  any  combustible  in  the  act 
of  burning,  three  different  systems  of  apparatus  have  been  employed:  1.  the  calorimeter 
of  Lavoisier  and  Laplace,  in  which  the  substance  is  burned  in  the  centre  of  a  vessel,  whose 
walls  are  lined  with  ice  ;  and  the  amount  of  ice  melted,  measures  the  heat  evolved  ;  2.  the 
calorimeter  of  Watt  and  Rumford,  in  which  the  degree  of  heat  communicated  to  a  given 
body  of  water  affords  the  measure  of  temperature  ;  and  3.  by  the  quantity  of  water  evap- 
orated by  diff'erenl  kinds  of  fuel  in  similar  circumstances- 

If  our  object  be  to  Eiscertain  the  relative  heating  powers  of  different  kinds  of  fuel,  we 
need  not  care  so  much  about  the  total  waste  of  heat  in  the  experiments,  provided  it  be 
the  same  in  all;  and  therefore  they  should  be  burned  in  the  same  furnace,  and  in  the 
same  way.     But  the  more  economically  the  heat  is  applied,  the  greater  certainty  will 

there  be  in  the  results.  The  apparatus  yig.  480, 
is  simple  and  well  adapted  to  make  such  com- 
parative trials  of  fuel.  The  little  furnace  is 
covered  at  top,  and  transmits  its  burned  air  by  c, 
through  a  spiral  tube  immersed  in  a  cistern  of 
water,  having  a  thermometer  inserted  near  its 
top,  and  another  near  its  bottom,  into  little  side 
orifices  a  a,  while  the  effluent  air  escapes  from  the 
upright  end  of  the  tube  b.  Here  also  a  ther- 
mometer bulb  may  be  placed.  The  average  in- 
dication of  the  two  thermometers  gives  the  mean, 
temperature  of  the  water.  As  the  water  evapo- 
rates from  the  cistern,  it  is  supplied  from  a  vessel 
placed  alongside  of  it.  The  experiment  should  be 
begun  when  the  furnace  has  acquired  an  equa- 
bility of  temperature.  A  throttle  valve  at  c  serves  to  regulate  the  draught,  and  to 
equalize  it  in  the  different  experiments  by  means  of  the  temperature  of  the  effluent 
air.  When  the  water  has  been  heated  the  given  number  of  degrees,  which  should  be 
the  same  in  the  diff'erenl  experiments,  the  fire  may  be  extinguished,  the  remaining  fuel 
weighed,  and  compared  with  the  original  quantity.  Care  should  be  taken  to  make  the 
combustion  as  vivid  and  free  from  smoke  as  possible. 

FULGURATION  designates  the  sudden  brishiening  of  the  melted  gold  and  silver 
in  the  cupel  of  the  assayer,  when  the  last  film  of  vitreous  lead  and  copper  leaves  their 
surface. 

FULLER'S  EARTH  {Terre  a  foulon,  Jrgile  Smectique,  Fr. ;  Walkererde,  Germ.) 
is  a  soft,  friable,  coarse  or  fine  erained  mass  of  lithomarge  clay.  Its  color  is  green- 
ish, or  yellowish  gray ;  it  is  dull,  but  assumes  a  fatty  lustre  upon  pressure  with  the 
fingers,  feels  unctuous,  does  not  adhere  to  the  tongue,  and  has  a  specific  gravity  varying 
from  1-82  to  2"  19.  It  falls  down  readily  in  water,  into  a  fine  powder,  with  extrication 
of  air  bubbles,  and  forms  a  non-plastic  paste.  It  melts  at  a  high  heat  into  a  brown 
sla?.  Its  constituents  are  53-0  silica;  lO'O  alumina;  9-75  red  oxyde  of  iron;  1'25 
magnesia;  0-5  lime;  24  water,  with  a  trace  of  potash.  Its  cleansing  action  upon  wool- 
len stuff's  depends  upon  its  power  of  absorbing  greasy  matters.  It  should  be  neither  te- 
nacious nor  sandy;  for  in  the  first  case,  it  would  not  diff'use  itself  Avell  through  water, 
and  in  the  second  it  would  abrade  the  cloth  too  much.  The  finely  divided  silica  is  one 
of  its  useful  ingredients. 

Fuller's  earth  is  found  in  several  counties  of  England;  but  in  greatest  abundance  in 
Bedfordshire,  Berkshire,  Hampshire,  and  Surry. 

In  the  county  of  Surry  there  are  great  quantities  of  fuller's  earth  found  about  Nut- 
field,  Ryegate,  and  Blechingley,  to  the  south  of  the  Downs,  and  some,  but  of  inferior 
quality,  near  Sutton  and  Croydon,  to  the  north  of  them.  The  most  considerable  pits 
are  near  Nuffield,  between  which  place  and  Ryegate,  particularly  on  Redhill,  about  a 
mile  to  the  east  of  Ryegate,  it  lies  so  near  the  surface  as  frequently  to  be  turned  up  by 
the  wheels  of  the  wagons.  The  fuller's  earth  to  the  north  of  the  road  between  Red- 
hill  and  Nuffield,  and  about  a  quarter  of  a  mile  from  the  latter  place,  is  very  thin;  the 
seam  in  general  is  thickest  on  the  swell  of  the  hill  to  the  south  of  the  road.  It  is  not 
known  how  long  this  earth  has  been  dug  in  Surry;  the  oldest  pit  now  wrought  is  said 
to  have  lasted  between  50  and  60  years,  but  it  is  fast  wearing  out.  The  seam  of  fuller's 
earth  dips  in  diff'erent  directions.  In  one,  if  not  in  more  cases,  it  inclines  to  the  west 
with  a  considerable  angle.  There  are  two  kinds  of  it,  the  blue  and  the  yellow ;  the 
former,  on  the  eastern  side  of  the  pit,  is  frequently  within  a  yard  of  the  surface,  being 
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covered  merely  with  the  soil — a  tough,  wet,  clayey  loam.  A  few  yards  to  the  west, 
the  blue  kind  appears  with  an  irony  sand-stone,  of  nearly  two  yards  in  thickness,  between 
it  and  the  soil.  The  blue  earth  in  this  pit  is  nearly  16  feet  deep.  In  some  places  the 
yellow  kind  is  found  lying  upon  the  blue  ;  there  seems,  indeed,  to  be  no  regularity  either 
in  the  position  or  inclination  of  the  strata  where  the  fuller's  earth  is  found,  nor  any  mark 
by  which  its  presence  could  be  detected.  It  seems  rather  thrown  in  patches  than  laid  in 
any  continued  or  regular  vein.  In  the  midst  of  the  fuller's  earth  are  often  found  large 
pieces  of  stone  of  a  yellow  color,  translucent  and  remarkably  heavy,  which  have  been 
found  to  be  sulphate  of  barytes,  encrusted  with  quartzose  crystals.  These  are  carefully 
removed  from  the  fuller's  earth,  as  the  workmen  say  they  often  spoil  many  tons  of  it 
which  lie  about  them.  There  is  also  found  with  the  yellow  fuller's  earth  a  dark  browa 
crust,  which  the  workmen  consider  as  injurious  also.  In  Surry  the  price  of  fuller's  earth 
seems  to  liave  varied  very  little,  at  least  for  these  last  80  years.  In  1730,  the  price  at 
the  pit  was  6d.  a  sack,  and  6a-.  per  load  or  ton.  In  1744,  it  was  nearly  the  same.  It  is 
carried  in  wagons,  each  drawing  from  three  to  four  tons,  to  the  beginning  of  the  iron 
railway  near  AV'estham,  along  which  it  is  taken  to  the  banks  of  the  Thames,  where  it  is 
sold  at  the  different  wharves  for  about  255.  or  26s.  per  ton.  It  is  then  shipped  ofl'  either 
to  the  north  or  west  of  England. 

The  next  characteristic  stratum,  owing  to  its  forming  a  ridge  of  conspicuous  hills  through 
the  country,  is  the  Woburn  land,  a  thick  ferruginous  stratum,  which  below  its  middle  con- 
tains a  stratum  of  fuller's  earth.  This  is  thicker  and  more  pure  in  Aspley  and  Hogstye- 
end,  two  miles  north-west  of  Woburn.  than  in  any  known  place. 

Fuller's  earth  is  found  at  Tillington,  and  consumed  in  the  neighboring  fulling  mills. 
Mode  of  preparing  fuller's  earth: — 

After  baking  it  is  thrown  into  cold  water,  where  it  falls  into  powder,  and  the  separ- 
ation of  the  coarse  from  the  fine  is  efi'ectually  accomplished,  by  a  simple  method  used  in 
the  dry  color  manufactories,  called  washing  over.  It  is  done  in  the  following  manner  : 
Three  or  four  tubs  are  connected  on  a  line  by  spouts  from  their  tops ;  in  the  first  the 
earth  is  beat  and  stirred,  and  the  water,  which  is  continually  running  from  the  first  to 
the  last  through  intermediate  ones,  carries  with  it  and  deposites  the  fine  whilst  the  coarse 
settles  in  the  first.  The  advantages  to  be  derived  from  this  operation  are,  that  the  two 
kinds  will  be  much  fitter  for  their  respective  purposes  of  cleansing  coarse  or  fine  cloth ; 
for  without  baking  tiie  earth  they  would  be  unlit,  as  before  noticed,  to  incorporate  so 
minutely  with  the  water  in  its  native  state  ;  it  would  neither  so  readily  fall  down,  nor  so 
easily  be  divided  into  different  qualities,  without  the  process  of  washing  over.  When  fuel 
is  scarce  for  baking  the  earth,  it  is  broken  into  pieces  of  the  same  size,  as  mentioned 
above,  and  then  exposed  to  the  heat  of  the  sun. 

The  various  uses  of  fuller's  earth  may  be  shortly  explained.  According  to  the  above 
method,  the  coarse  and  fine  of  one  pit  being  separated,  the  first  is  used  for  cloths  of 
an  inferior,  and  the  second  for  those  of  a  superior  quality.  The  yellow  and  the  blue 
earths  of  Surry  are  of  difl'erent  qualities  naturally,  and  are,  like  the  above,  obtained  arti- 
ficially, and  used  for  different  purposes.  The  former,  which  is  deemed  the  best,  is 
employed  in  fulling  the  kerseymeres  and  finer  cloths  of  Wiltshire  and  Gloucestershire, 
whilst  the  blue  is  principally  sent  into  Yorkshire  for  the  coarser  cloths.  Its  efliect  on 
these  cloths  is  owing  to  the  affinity  which  alumine  has  for  greasy  substances;  it  unites 
readily  with  them,  and  forms  combinations  which  easily  attach  themselves  to  difl'erent 
stuffs,  and  thereby  serve  the  purpose  of  mordants  in  some  measure.  The  fullers  generally 
apply  it  before  they  use  the  soap. 

FULLING;  for  the  theory  of  the  process,  see  Felting  and  Wool. 
FULLING  MILL.     Willan  and  Ogle  obtained  a  patent  in    1825  for  improved  ful- 
480*  ling  machinery,  designed  to  act  in  a  sim- 

ilar way  to  the  ordinary  stocks,  in  which 
cloths  are  beaten,  for  the  purpose  of  wash- 
ing and  thickening  them;  but  the  standard 
and  the  bed  of  the  stocks  are  made  of  iron 
instead  of  wood  as  heretofore  ;  and  a  steam 
vessel  is  placed  under  the  bed,  for  healing 
the  cloths  during  the  operation  of  fulling ; 
whereby  their  appearance  is  said  to  be  great- 
ly improved. 

Fis;.  480*  is  a  section  of  the  fulling 
machine  or  stocks ;  a  is  a  cast-iron  pillar, 
made  hollow  for  the  sake  of  lightness  ;  b 
is  the  bed  of  the  stocks,  made  also  of  iron, 
and  polished  smooth,  the  side  of  the  stock 
being  removed  to  show  the  interior ;  c  is 
the  lever  that  carries  the  beater  d.  The 
cloths  are  to   be   placed   on  the  bed  6,  a 
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bottom,  and  water  allowed  to  pass  through  the  stock,  when  by  the  repeated  blows  of  the 
beater  d,  which  is  raised  and  let  fall  in  the  usual  way,  the  cloths  are  beaten,  and  become 
cleansed  and  fulled. 

A  part  of  the  bed  at  e,  is  made  hollow,  for  the  purpose  of  forming  a  steam  box,  into 
which  steam  from  a  boiler  is  introduced  by  a  pipe  with  a  stop-cock.  This  steam  heats 
the  bed  of  the  stock,  and  greatly  facilitates,  as  well  as  improves  the  process  of  cleansing 
and  fulling  the  cloths. 

The  smoothness  of  the  surface  of  the  polished  metal,  of  which  the  bed  of  the  stock  is 
constituted,  is  said  to  be  very  much  preferable  to  the  roughness  of  the  surface  of  wood 
of  which  ordinary  fulling  stocks  are  made,  as  by  these  iron  stocks  less  of  the  nap  or  felt 
of  the  cloth  is  removed,  and  its  appeai'ance  when  finished  is  very  much  superior  to  cloths 
fulled  in  ordinary  stocks. 

In  the  operation  of  fulling,  the  cloths  are  turned  over  on  the  bed,  by  the  falling  of  the 
beaters,  but  this  turning  over  of  the  cloths  will  depend  in  a  great  measure  upon  the  form 
of  the  front  or  breast  of  the  stock.  In  these  improved  stocks,  therefore,  there  is  a  con- 
trivance by  which  the  form  of  the  front  may  be  varied  at  pleasure,  in  order  to  suit  cloths 
of  diflerent  qualities;  /,  is  a  moveable  curved  plate,  constituting  the  front  of  the  stock; 
its  lower  part  is  a  cylindrical  rod,  extending  along  the  entire  width  of  the  bed,  and  being 
fitted  into  a  recess,  forms  a  hinge  joint  upon  which  the  curved  plate  moves ;  §:,  is  a  rod 
attached  to  the  back  of  the  curved  plate  /,  with  a  screw  thread  upon  it ;  this  rod  passes 
through  a  nut  h,  and  by  turning  this  nut,  the  rod  is  moved  backward  or  forward,  and  con- 
sequently the  position  of  the  curved  plate  altered. 

The  nut  h,  is  a  wheel  with  teeth,  taking  into  two  other  similar  toothed  wheels,  one  on 
each  side  of  it,  which  are  likewise  the  nuts  of  similar  rods  jointed  to  the  back  of  the 
curved  plate  /;  by  turning  the  central  wheel,  therefore,  which  may  be  done  by  a  winch, 
the  other  two  wheels  are  turned  also,  and  the  curved  plate  moved  backward  or  forward. 
At  the  upper  part  of  the  plate  there  are  pins  passing  through  curved  slots,  which  act  as 
guides  when  the  plate  is  moved. 

The  patentees  state  in  conclusion,  that  steam  has  been  employed  before  for  heating 
cloths  while  fulling  them,  they  therefore  do  not  exclusively  claim  its  use,  except  in  the 
particular  way  described ;  the  advantages  arising  from  the  construction  of  iron  stocks, 
with  polished  surfaces  in  place  of  wooden  ones,  together  with  the  moveable  curved  plates 
described,  are  in  their  opinion  "  sufficiently  important  to  constitute  a  patent  right." 

FULMINATES,  or  fulminating  powders.  Of  these  explosive  compounds,  there  are 
several  species;  such  as  fulminating  gold,  mercury,  platinum,  silver;  besides  the  old 
fusible  mixture  of  nitre,  sulphur,  and  potash.  The  only  kind  at  all  interesting  in  a  man- 
ufacturing point  of  view  is  the  fulminate  of  mercury,  now  so  extensively  used  as  a  pri- 
ming to  the  caps  of  percussion  locks.  Having  published  a  paper  in  the  Journal  of  the 
Royal  Institution  for  1831,  upon  gunpowder  (see  Gunpowder),  the  result  of  an  elaborate 
suite  of  experiments,  I  was  soon  afterwards  requested  by  the  Hon.  the  Board  of  Ordnance 
to  make  such  researches  as  would  enable  me  to  answer,  in  a  satisfactory  practical  manner, 
a  series  of  questions  upon  fulminating  powders,  subservient  to  the  future  introduction  of 
percussion  muskets  into  the  British  army.  The  following  is  a  verbatim  copy  of  my  re- 
X)ort  upon  the  subject : — 

To  the  Secretary  of  the  Board  of  Ordnance. 

"  Sir, — I  have  the  honor  of  informing  you,  for  the  instruction  of  the  Honorable  the 
Master  General  and  the  Board  of  Ordnance,  that  the  researches  on  fulminating  mercury, 
which  I  undertook  by  their  desire,  have  been  brought  to  a  satisfactory  conclusion,  after 
a  numerous,  diversified,  and  somewhat  hazardous  series  of  experiments.  The  foilowino- 
are  the  questions  submitted  to  me,  with  their  respective  answers  : — 

Question  1.  What  proportions  of  mercury,  with  nitric  acid  and  alcohol  of  certain 
strengths,  will  yield  the  greatest  quantity  of  pure  fulminate  of  mercury  ? 

Answer.  One  hundred  parts,  by  weight,  of  mercury,  must  be  dissolved  with  a  gentle 
heat,  in  1000  parts  (also  by  weight)  of  nitric  acid,  spec.  gr.  1-4;  and  this  solution,  at 
the  temperature  of  about  130°  Fahr.,  must  be  poured  into  830  parts  by  weight  of  alcohol, 
spec.  gr.  0-S30. — Note.  830  parts  of  such  alcohol,  by  weight,  constitute  1000  by  measure  ; 
and  1000  parts  of  such  nitric  acid,  by  weight,  constitute  740  by  measure.  Hence,  in 
round  numbers,  one  ounce  weight  of  quicksilver  must  be  dissolved  in  1\  oz.  measures  of 
the  above  designated  nitric  acid,  and  the  resulting  solution  must  be  poured  into  10  oz. 
measures  of  the  said  alcohol. 

Question  2.  What  is  the  most  economical  and  safe  process  for  conducting  the  manipu- 
lation, either  as  regards  the  loss  of  nitrous  gas  and  residuum,  or  as  respects  danger  to 
the  operator ;  also,  what  is  the  readiest  and  safest  mode  of  mixing  the  fulminate  inti- 
mately with  its  due  proportions  of  common  gunpowder. 

.iuswer.  The  mercury  should  be  dissolved  in  ihe  acid  in  a  glass  retort,  the  beak  of 
which  is  loosely  inserted  into  a  large  balloon  or  bottle  of  glass  or  earthenware,  whereby 


538  FULMINATES. 

the  offensive  fumes  of  the  nitrous  gas  disenjaged  during  the  solution,  are,  in  a  consider 
able  measure,  condensed  into  liquid  acid,  which  should  be  returned  into  the  retort.  As 
soon  as  the  mercury  is  all  dissolved,  and  the  solution  has  acquired  the  prescribed  tem- 
perature of  about  130°,  it  should  be  slowly  poured,  through  a  glass  or  porcelain  funnel, 
into  the  alcohol  contained  in  a  glass  matrass  or  bottle  capable  of  holding  fully  6  times 
the  bulk  of  the  mixed  liquids.  In  a  few  minutes  bubbles  of  gas  will  proceed  from  the 
bottom  of  the  liquid;  these  will  gradually  increase  in  number  and  magnitude  till  a  gen- 
eral fermentative  commotion,  of  a  very  active  kind,  is  generated,  and  the  mixture  assumes 
a  somewhat  frothy  appearance.  A  white  voluminous  gas  now  issues  from  the  orifice  of 
the  matrass,  which  is  very  combustible,  and  must  be  suffered  to  escape  freely  into  the 
air,  at  a  distance  from  any  flame.  These  fumes-  consist  of  an  elhereous  gas,  holding 
mercury  in  suspension  or  combination.  I  have  made  many  experiments  with  the  view 
of  condensing  this  gas,  or,  at  least,  the  mercury,  but  with  manifest  disadvantage  to  the 
perfection  of  the  process  of  producing  fulminate.  When  the  said  gas  is  transmitted, 
through  a  glass  tube,  into  a  watery  solution  of  carbonate  of  soda,  a  little  oxyde  of 
mercury  is,  no  doubt,  recovered  ;  but  the  pressure  on  the  fermentative  mixture,  though 
slight,  necessary  to  the  displacement  of  the  soda  solution,  seems  to  obstruct  or  impair 
the  generation  of  the  fulminate ;  this  effect  is  chiefly  injurious  towards  the  end  of  the 
operation,  when  the  gaseous  fumes  are  strongly  impregnated  with  nitrous  gas.  When 
this  is  not  allowed  freely  to  come  off,  a  portion  of  subnitrate  or  nitrate  of  mercury  is  apt 
to  be  formed,  to  the  injuiy  of  the  general  process  and  the  product. 

As  soon  as  the  effervescence  and  concomitant  emission  of  gas  are  observed  to  cease, 
the  contents  of  the  matrass  should  be  turned  out  upon  a  paper  double  filter,  fitted  into  a 
glass  or  porcelain  funnel,  and  washed  by  the  affusion  of  cold  water  till  the  drainings  no 
longer  redden  litmus  paper.  The  powder  adhering  to  the  matrass  should  be  washed  out 
and  thrown  on  the  filter  by  the  help  of  a  little  water.  Whenever  the  filter  is  thoroughly 
drained,  it  is  to  be  lifted  out  of  the  funnel,  and  opened  out  on  plated  copper  or  stone 
Ware,  heated  to  212°  Fahr.  by  steam  or  hot  water.  The  fulminate,  being  thus  dried,  is  to 
be  put  up  in  paper  parcels  of  about  100  grains  each  ;  the  whole  of  which  may  be  after- 
wards packed  away  in  a  tisht  box,  or  a  bottle  with  a  cork  stepper.  The  excellence  of 
the  fulminate  may  be  ascertained  by  the  following  characters.  It  consists  of  brownish- 
gray  small  crystals  which  sparkle  in  the  sun,  are  transparent  when  applied  to  a  slip  of 
glass  with  a  drop  of  water,  and  viewed  by  transmitted  light.  These  minute  spangles 
are  entirely  soluble  in  130  times  their  weight  of  boiling  water  ;  that  is  to  say,  an  imperial 
pint  of  boiling  water  will  dissolve  67  grs.  of  pure  fulminate.  Whatever  remains  indicates 
impurity.  From  that  solution  beautiful  pearly  spangles  of  fulminate  fall  down  as  the 
liquid  cools. 

It  may  now  be  proper  to  show  within  what  nice  and  narrow  limits  the  best  proportions 
of  the  ingredients  used  in  making  the  fulminate  of  mercury  lie.  The  following  are 
selected  from  among  many  experiments  instituted  to  determine  that  point,  as  well  as  the 
most  economical  process. 

1.  Accordins;  to  the  formula  given  by  the  celebrated  chemist  Berzelius,  in  the  4lh 
vol.  of  his  "Traite  de  Chimie,"  recently  published  (p.  383),  the  mercury  should  be 
dissolved  in  12  times  its  weight  of  nitric  acid,  sp.  gr.  1-375;  and  alcohol  of  sp.  gr. 
O'S.oO,  amounting  to  163  times  the  weight  of  the  mercury,  should  be  poured  at  inter- 
vals into  the  nitric  solution.  The  mixture  is  then  to  be  heated  till  effervescence  with  the 
characteristic  cloud  of  gas  appears.  On  the  action  becoming  violent,  alcohol  is  to  be 
poured  in  from  time  to  lime  to  repress  it,  till  additional  16.3  parts  have  been  em- 
ployed. 

On  this  process  I  may  remark,  that  it  is  expensive,  troublesome,  dangerous,  and  un- 
productive of  genuine  pure  fulminate.  One  fifth  more  nitric  acid  is  expended  very 
nearly  than  what  is  necessary,  and  almost  four  times  the  weight  of  alcohol  which  is 
beneficial.  Of  alcohol  at  0-83,  8-3  parts  by  weight  are  sufficient ;  whereas  Berzelius 
prescribes  nearly  4  times  this  quantity  in  weight,  though  the  alcohol  is  somewhat  weaker, 
being  of  sp.  gr.  0-850.  By  using  such  an  excess  of  alcohol,  much  of  the  fulminate  is 
apt  to  be  revived  into  globules  of  quicksilver  at  the  end  of  the  process,  as  I  showed 
in  my  paper  on  this  subject  published  in  the  Journal  of  the  Royal  Institution  two  years 
ago.  There  is  no  little  hazard  in  pouring  the  alcohol  into  the  nitric  solution  ;  for  at 
each  affusion  an  explosive  blast  takes  place,  whereas  by  pouring  the  solution  into  the 
alcohol,  as  oiiginally  enjoined  by  the  Hon.  Mr.  Howard,  the  inventor  of  the  process,  no 
danger  whatever  is  incurred.  100  parts  of  mercury  treated  in  the  way  recommended 
by  Berzelius  afforded  me  only  112  parts  of  fulminate,  instead  of  the  130  obtained  by  my 
much  more  economical  and  safe  proportions  and  process  from  the  same  weight  of  quick- 
silver. 

2.  If  10  parts  of  nitric  acid  of  sp.  gr.  1-375  be  used  for  dissolving  1  of  quicksilver, 
and  if  14  parts  of  alcohol  of  sp.  gr.  0'85  be  thereafter  mixed  with  the  solution,  the  pro- 
duct of  such  proportions  will  either  be  not  granular,  and  therefore  not  fulminating,  or 
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it  will  be  partially  granular  and  partially  pulverulent,  being  a  mixture  of  fulminate  and 
subnitrate  of  mercury  ill  adapted  for  priming  detonating  caps.  Instead  of  130  parts  of 
genuine  fulminate,  as  I  do  obtain,  probably  not  more  than  10  parts  of  powder  will  be 
produced,  and  that  of  indifi'erent  quality.  In  fact,  whenever  the  ethereous  fermentation 
is  defective,  or  not  vigorous,  little  true  fulminate  is  generated ;  but  much  of  the  mercury 
remains  in  the  acidulated  alcoholic  liquid. 

3.  If  the  alcohol  be  poured  in  successive  portions,  and  of  proper  strength  (sp.  gr.  0"83), 
into  a  proper  nitric  solution  of  mercury,  the  explosive  action  which  accompanies  each 
affusion  dissipates  much  of  the  alcohol,  and  probably  impairs  the  acid,  so  that  the  sub- 
sequent ethereous  fermentation  is  defective,  and  little  good  fulminate  is  formed.  From 
100  parts  of  mercury  submitted  to  this  treatment,  I  obtained  in  one  experiment,  carefully 
made,  only  51  ])arts  of  a  powder,  which  was  impalpable,  had  a  cream  color,  and  was  not 
explosive  either  by  heat  or  percussion. 

4.  "When,  with  100  parts  of  mercury,  800  of  nitric  acid  of  sp.  gr.  1-375,  are  employed 
with  650  of  alcohol  of  sp.  gr.  •846,  no  fulminate  whatever  is  generated. 

5.  When,  with  the  proper  proportions  of  mercury,  acid,  and  alcohol,  the  process  is 
advanced  into  a  proper  energy  of  fermentative  commotion,  if  the  matrass  be  immersed  in 
cold  water  so  as  materially  to  repress  that  action,  the  process  will  be  impaired,  and  will 
turn  out  ultimately  defective  both  as  to  the  quantity  and  quality  of  the  fulminate.  It  is 
therefore  evident  that  a  certain  energy  or  vivacity  of  etherization  is  essential  to  the  full 
success  of  this  curious  process,  and  that  anything  which  checks  it,  or  obstructs  its  taking 
place,  is  injurious  and  to  be  avoided. 

When  my  proportions  are  observed  in  making  fulminating  mercury,  somewhat  less 
than  one  fourth  of  the  nitric  acid  used  in  making  the  solution  remains  in  the  alcoholic 
mixture  along  with  the  fulminate.  When  other  proportions  are  taken,  much  more  acid 
remains.  This  acid  is  not  recoverable  to  any  useful  or  economical  purpose,  nor  is  the 
alcohol  that  is  associated  with  it.  Many  distillations,  with  various  reagents,  have  led  me 
to  this  practical  conclusion.  In  fact,  when  the  process  is  most  complete,  as  described  in 
the  first  paragraph,  the  alcohol  is  entirely  and  profitably  employed  in  etherization,  an 
generating  fulminic  acid. 

I  have  made  a  series  of  analytical  experiments  on  the  pure  fulminate  of  mercury,  with 
the  view  of  determining  its  composition,  the  quantity  of  quicksilver  present  in  it,  and 
consequently  the  loss  of  mercury  in  the  operation.  I  have  stated  that  my  maximum  pro- 
duct of  fulminate  from  100  grs.  of  quicksilver  is  130  grs.  Occasionally,  from  slight  dif- 
ferences in  the  temperature  of  the  mixture,  or  the  ambient  atmosphere,  2  grs.  less  may 
be  obtained. 

A.  I  dissolved  130  grs.  with  a  gentle  heat  in  muriatic  acid  contained  in  a  small  matrass, 
adding  a  few  drops  of  the  nitric  to  quicken  the  solution.  On  evaporating  it  to  dryness, 
with  much  care  to  avoid  volatilization  of  the  salt,  I  obtained  125  grs.  of  corrosive  sub- 
limate or  bi-chloride  of  mercury.  But  125  grs.  of  this  bi-chloride  contain  only  91-1 
grs.  of  quicksilver.  Therefore,  by  this  experiment,  130  grs.  of  fulminate  contain  no 
more  than  91*1  of  mercury,  indicating  an  exhalation  of  8"9  parts  in  the  form  of  fumes, 
or  a  retention  in  the  residuary  liquid  of  some  of  these  8'9  parts,  out  of  the  100  originally 
employed. 

B.  In  another  experiment  for  analysis,  130  grs.  dissolved  as  above,  were  thrown 
down  by  carbonate  of  soda.  95  grs.  of  black  oxyde  of  mercury  were  obtained,  which 
are  equivalent  to  91-2  grs.  of  quicksilver;  affording  a  confirmation  of  the  preceding 
result. 

C.  130  grs.  of  fulminate  were  dissolved  in  strong  muriatic  acid,  and  the  solution  was 
decomposed  by  crystals  of  proto-muriate  of  tin  at  a  boiling  temperature.  The  mercury 
was  precipitated  in  globules  to  such  amount  as  to  verify  the  two  preceding  exper- 
iments. 

Regarding  fulminate  of  mercury  as  a  bi-cyanate,  that  is,  as  a  compound  of  one  atom 
or  one  equivalent  prime  of  deutoxyde  of  mercury,  and  two  primes  of  cyanic  acid,  we  shall 
find  its  theoretical  composition  to  be  as  follows,  hydrogen  being  the  radix,  or  1. 

2  Primes  of  Cyanic  or  fulminic  Acid  =  34  X  2  =  68  ^       24 

Deutoxyde  of  Mercury  =  216  76 

284  100 

As  these  284  parts  of  fulminate  contain  200  of  quicksilver,  so  142  parts  of  fulminate 
will  contain  100  of  quicksilver.  Whence  it  appears,  that  when  only  130  parts  of  ful- 
minate can  be  obtained  in  practice  from  100  of  quicksilver,  85  parts  of  quicksilver  out 
of  the  100  are  unproductive,  that  is,  are  expended  in  the  etherized  eas,  or  left  in  the 
residuary  acidulous  liquid.  By  the  above  experimental  and  theoretical  analysis,  91*5 
parts  of  quicksilver  enter  into  the  composition  of  130  parts  of  true  crystalline  fulminate. 
The  complete  accordance  here  exhibited  between  theory  and  practice  removes  every 
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shadow  of  doubt  as  to  the  accuracy  of  the  statements.     100  parts  of  fulminate  con- 
sist of — 

Fulminic  acid  -         -  24 

]000 
Question  3.     May  the  gas  or  vapor  produced  by  the  inflammation  of  the  fulminate  of 
mercury,  when  combined  with  a  portion  of  gunpowder,  be  considered  in  its  nature  corro- 
sive of  iron  or  brass  ? 

Answer.  I  have  suggested  to  Mr.  Lovell,  of  Waltham  Abbey  works,  that  the  ful- 
minate may  be  probably  diluted  most  advantageously  with  spirit  varnish  made  of  a 
proper  consistence  by  dissolving  sandarach  in  alcohol.  When  well  mixed  with  this 
varnish,  a  small  drop  of  the  mixture  will  suffice  for  priming  each  copper  cap  or  disc; 
and  as  the  spirit  evaporates  immediately,  the  fulminate  will  be  fixed  to  the  copper 
bej'ond  the  risk  of  shaking  or  washing  away.  On  the  Continent,  tincture  of  benjamin 
is  used  for  the  same  purpose ;  but  as  that  balsamic  resin  leaves  in  combustion  a  volu- 
minous coal,  which  sandarach  does  not,  the  latter,  which  is  the  main  constituent  of 
spirit  varnish,  seems  better  adapted  for  this  purpose.  It  is  sufficiently  combustible,  and 
may  be  yet  made,  by  a  due  proportion,  to  soften  the  violence  of  the  explosive  mercury 
on  the  nipple  of  the  touch-hole.  Fulminate  prepared  by  my  formula  has  no  corrosive 
influence  whatsoever  on  iron  or  steel;  and,  therefore,  if  such  a  medium  of  applying  it,  as 
I  have  now  taken  leave  to  suggest,  should  be  found  to  answer,  all  fears  on  the  score  of 
corrosion  may  for  ever  be  set  at  rest. 

Question  4.  How  far  is  the  mixture  (of  fulminate  and  gunpowder)  liable  to  be  affected 
by  the  moisture  of  the  atmosphere,  or  by  the  intrusion  of  water;  and  will  such  an  acci- 
dent affect  its  inflammability  when  dried  again  ? 

Answer.  Well  made  fulminate,  mixed  with  gunpowder  and  moistened,  undergoes  no 
change,  nor  is  it  apt  to  get  deteriorated  by  keeping  any  length  of  time  in  a  damp  climate 
or  a  haizy  atmosphere.  Immersion  in  water  would  be  apt  to  wash  the  nitre  out  of  the 
pulverine;  but  this  result  would  be  prevented  if  the  match  or  priming  mixture  were 
liquefied  or  brought  to  the  pasty  consistence,  not  with  water,  but  spirit  varnish.  Such 
detonating  caps  would  be  indestructible,  and  might  be  alternately  moistened  and  dried 
witliout  injury. 

Question  5.  Is  it  at  all  probable  that  the  composition  would  be  rendered  more  inflam- 
mable or  dangerous  of  use  by  the  heat  of  tropical  climates  ? 

Answer.  No  elevation  of  temperature  of  an  atmospheric  kind,  compatible  with  hu- 
man existence,  could  cause  spontaneous  combustion  of  the  fulminating  mercurj',  or  the 
detonating  matches  made  with  it.  In  fact,  its  explosive  temperature  is  so  high  as  2&T^ 
of  Fahrenheit's  scale,  and  no  inferior  heat  will  cause  its  detonation. 

Question  6.  Is  the  mercurial  vapor  or  gas  arising  from  the  ignition  of  a  great  number 
of  primers,  and  combined  with  the  smoke  of  gunpowder  in  a  confined  space  (as  in  the 
case  of  troops  in  close  bodies,  squares,  casemates,  fcc),  likely  in  its  nature  to  be  found 
prejudicial  to  human  health  ? 

Answer.  I  have  exploded  in  rapid  succession  of  portions,  100  grains  of  fulminate  of 
mercury  (equivalent  to  300  or  400  primers),  in  a  close  chamber  of  small  dimensions, 
without  experiencing  the  slightest  inconvenience  at  the  period,  or  afterwards,  though  my 
head  was  surrounded  by  the  vapors  all  the  time  of  the  operation.  These  vapors  are,  in 
fact,  so  heavy  that  they  subside  almost  immediately.  When  the  fulminate  mixed  with 
pulverine  is  exploded  in  the  primers  by  condensed  masses  of  troops,  the  mercury  will 
cause  no  injury  to  their  health,  nor  100th  part  of  the  deleterious  impression  on  weak 
lungs  which  the  gases  of  exploded  gunpowder  might  by  possibility  inflict.  These  gases 
are  all, //icorea'caZ/i/ speaking,  noxious  to  respiration ;  such  as  carbonic  acid  gas,  azote, 
carbureted  hydrogen,  and  sulphureted  hydrogen,  a  deadly  gas.  Yet  the  soldier  who 
should  betray  any  fear  of  gunpowder  smoke  would  be  an  object  of  just  ridicule." 

In  the  following  September,  I  executed  for  the  Board  of  Ordnance  a  set  of  experi- 
ments, complementary  to  those  of  the  memoir,  with  the  view  of  ascertaining  the  best 
manner  of  protecting  the  fulminate  when  applied  to  the  copper  caps,  from  being 
detached  by  carriage,  or  altered  by  keeping.  The  following  were  my  results  and  con- 
clusions. 

"  1.  Fulminate  of  mercury  moistened  upon  copper  is  speedily  decomposed  by  the 
superior  affinity  of  the  copper  over  mercury,  for  oxygen  and  fulminic  acid.  Dryness 
is,  therefore,  essential  to  the  preservation  of  the  fulminate ;  and  hence  charcoal,  which 
is  apt  to  become  moist,  should  not  be  introduced  into  percussion  caps  destined  for  distant 
service. 

2.  An  alcoholic  solution  of  sandarach,  commonly  called  spirit  varnish,  acts  power- 
fuUy  on  copper,  with  the  production  of  a  green  efflorescence,  which  decomposes  ful- 
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minate  of  mercury.     Indeed,  sandarach  can  decompose  the  salts  »f  copper.      It  is  there- 
fore ill  adapted  for  attaching  the  fulminate  to  copper  caps. 

3.  An  alcoholic  solution  of  shellac  acts  on  copper,  though  more  feebly  than  the 
gandarach. 

4.  A  solution  of  mastic  in  spirits  of  turpentine,  whether  alone  or  mixed  with  fulmi- 
nate, has  no  action  whatever  on  bright  copper,  but  protects  it  from  being  tarnished.  Such 
a  varnish  is  very  cheap, dries  readily,  adheres  strongly,  screens  the  fulminate  from  damp, 
and  does  not  impair  or  counteract  its  detonating  powers.  This,  therefore,  is,  in  my  opin- 
ion, the  fittest  medium  for  attaching  the  fulminate,  and  for  softening  the  force  of  ilS  im- 
pulsion in  any  degree  preportional  to  the  thickness  of  the  varnish." 

Fulminate  of  mercury  is  obtained  in  white  grains,  or  short  needles,  of  a  silky  lustre, 
which  become  gray  upon  exposure  to  li?ht,  and  detonate  either  by  a  blow  or  at  a  heat  un- 
der 370°  F. ;  with  the  disengagement  of  azote,  carbonic  acid,  as  also  of  aqueous  and  mer- 
curial vapors  ;  to  the  sudden  formation  of  which  gaseous  products  the  report  is  due.  It 
detonates  even  in  a  moist  condition ;  and  when  dry  it  explodes  readily  when  struck  between 
two  pieces  of  iron,  less  so  between  iron  and  bronze,  with  more  ditiiculty  between  marble 
and  glass,  or  between  two  surfaces  of  marble  or  glass.  It  is  hardly  possible  to  explode 
it  by  a  blow  with  iron  upon  lead;  and  impossible  by  striking  it  with  iron  upon  wood.  It 
fulminates  easily  when  rubbed  between  two  wooden  surfaces  ;  less  so  between  two  of 
marble,  two  of  iron,  or  one  of  iron  against  one  of  wood  or  marble.  The  larger  its  crys- 
tals, the  more  apt  they  are  to  explode.  By  damping  it  with  5  per  cent,  of  water,  it  be- 
comes less  fulminating;  the  part  of  it  struck  still  explodes  with  a  proper  blow,  but  will 
not  kindle  the  adjoining  portion.  Though  moistened  with  30  per  cent,  of  water,  it  will 
occasionally  explode  by  trituration  between  a  wooden  muller  and  a  marble  slab,  but  only 
to  a  small  extent,  and  never  with  any  danger  to  the  operator.  When  an  ounce  of  it,  laid 
upon  the  bottom  of  a  ca.sk,  is  kindled,  it  strikes  a  round  hole  down  through  it,  as  if  it 
had  been  exposed  to  a  four-pound  shot,  without  splintering  the  Wood.  If  a  train  of  ful- 
minate of  mercury  be  spread  upon  a  piece  of  paper,  covered  with  some  loose  gunpowder, 
in  exploding  the  former  the  latter  will  not  be  kindled,  but  merely  scattered.  When  gun- 
powder, however,  is  packed  in  a  cartridge,  or  otherwise,  it  may  be  certainly  kindled  by  a 
percussion  cap  of  the  fulminate,  and  more  completely  than  by  a  priming  of  gunpowder. 
8|  parts  of  gunpowder  exploded  by  a  percussion  cap,  have  an  equal  projectile  force  as  10 
exploded  by  a  flint  lock.  If  we  add  to  this  economy  in  the  charge  of  the  barrel,  the 
saving  of  the  powder  for  priming,  the  advantage  in  military  service  of  the  percussion 
system  will  become  conspicuous. 

The  French  calculate  that  1  kilogramme  of  mei'cury  will  furnish  If  kil.  (2|  lbs.  nearly) 
of  fulminate,  which  will  be  sufficient  to  charge  40,000  percussion  caps.  For  this  pur- 
pose they  grind  the  crystalline  salt  along  with  30  per  cent,  of  water  upon  a  marble  table 
with  a  wooden  muller;  mixing  with  every  10  parts  of  the  fulminate  6  of  gunpowder.  A 
consistent  dough  is  thus  obtained,  which,  being  dried  in  the  air,  is  ready  for  introducing 
into  the  bottoms  of  the  copper  caps.  One  quarter  of  a  grain  of  the  fulminate  is  said  to 
be  fully  sufficient  for  one  priming. 

Mr.  Lovell,  of  the  Royal  Manufactory  of  Arms,  has  lately  executed  a  series  ot"  experi- 
ments upon  priming  powders.  His  trials,  which  occupied  nearly  18  months,  were  made 
for  the  purpose  of  ascertaining  what  is  the  advantage  in  point  of  force  obtained  by  using 
percussion  primes.  He  had  anticipated  some  extra  energy  would  be  imparted  to  the 
charge  of  powder  in  the  barrel,  because  he  had  repeatedly  proved  that  a  good  strong  cap, 
exploded  by  itself  on  the  nipple  of  the  musket  (without  any  charge  of  gunpowder),  will 
exert  sufficient  force  upon  the  air  within  the  barrel  to  blow  a  candle  out  at  a  distance  of 
12  feet  from  the  muzzle.  He  concluded  also  that  stopping  the  escape  of  fluid  from  the 
vent,  as  is  done  by  the  cap,  would  have  some  effect,  but  he  attributed  most  to  the  quick- 
ness and  energy  with  which  the  powder  of  the  charge  is  ignited  by  the  vivid  stream  of 
flame,  generated  by  the  percussion  prime.  The  trials  were  made  from  one  and  the  same 
barrel,  having  a  percussion  lock  on  one  side  and  a  flint  lock  on  the  other.  The  balls  were 
fired  against  Austen's  recoiling  target,  a  very  deUcate p!ego?neter,  beginning  with  a  charge 
of  150  grains  (the  present  musket  charge),  and  descending  by  10  grains  at  a  time  (firing 
30  rounds  with  each  weight),  down  to  50  grains.  The  machine  marked  the  decrease  of 
force  at  each  reduction  in  the  charge  very  satisfactorily,  and  the  result  of  the  whole 
average  was,  that  8-84  parts  of  gunpowder  fired  by  percussion  are  equal  to  10  parts  fired 
by  the  flint. 

To  find  out  what  sort  of  liberties  might  be  taken  with  fulminate  of  mercury  in 
handling  it,  he  placed  3  grains  on  an  anvil,  putting  the  end  of  a  steel  punch  gently 
on  the  top  of  it,  and  while  so  placed  he  covered  the  fulminate  over  with  a  drachm  of  dry 
gunpowder.  He  then  ignited  the  fulminate  by  a  blow  on  the  punch  with  the  hammer, 
but  not  a  grain  of  the  gunpowder  was  lighted,  though  it  was  blown  about  in  all 
directions.  He  then  placed  a  train  of  fulminate  as  thick  as  a  quill,  and  about  3  feet  long, 
on  a  table,  and  covered  it  over  entirely  with  gunpowder  except  about  an  inch  at  one 
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end ;  this  he  lighted  with  a  hot  iron,  when  the  whole  train  went  off  without  blazing  a 
grain  of  the  gunpowder,  which  he  swept  together  and  blew  up  afterwards  with  a 
match.  He  then  look  a  tin  box  containing  500  copper  caps,  made  a  hole  in  the  top  of 
the  box,  and  through  this  hole  ignited  one  of  the  caps  in  the  middle,  by  means  of  the 
punch  and  hammer  on  the  outside;  only  two  other  caps  besides  the  one  struck  exploded; 
no  injury  was  sustained  by  the  remainder,  except  being  discolored.  This  he  tried  re- 
peatedly, and  always  with  the  same  kind  of  result,  never  more  than  3  or  4  caps  exploding. 
He  then  made  a  steel  rammer  red  hot,  and  passed  it  through  the  hole  in  the  box  right  in 
amongst  the  caps,  but  it  only  ignited  them  where  the  hot  iron  came  in  actual  contact 
with  the  priming  composition ;  when,  however,  he  placed  a  few  grains  of  gunpowder 
loose  among  the  caps,  the  hot  iron  lighted  this,  and  produced  a  flame  that  blew  off  the 
whole  of  them. 

The  same  thing  has  been  tried  at  Woolwich,  where  large  packages  of  percussion  caps 
(some  thousands)  have  been  fired  at  with  musket  balls,  and  only  a  few  of  the  caps  actu- 
ally hit  by  the  ball  exploded;  but  when  any  cartridges  were  connected  with  the  packages, 
the  whole,  caps  and  all,  were  blown  up.  The  flame  of  the  fulminate  is  therefore  hazard- 
ous, but  being  so  very  ethereal,  it  requires  for  making  primes,  an  admixture  of  some  com- 
bustible matter,  as  a  little  gunpowder,  to  condense  or  modify  the  flame. 

FULMINIC  ACID  {^cid  fulminique,  Fr. ;  Knalhaurc,  Germ.)  is  the  explosive  con- 
stituent of  ihe  fulminating  mercury  of  Howard,  and  the  fulminating  silver  of  Brugnatelli, 
being  generated  by  the  reaction  of  alcohol  and  the  acid  nitrates  of  these  metals.  It  is  a 
remarkable  chemical  fact,  that  fulminic  acid  has  exactly  the  same  composition  as  cyanic 
acid ;  though  the  salts  of  the  latter  possess  no  detonating  property,  and  aflbrd,  in  their 
decomposition  by  an  oxygen  acid,  ammonia  with  carbonic  acid  ;  while  those  of  the  former 
aflbrd  ammonia  and  prussic  acid.  All  attempts  to  itisulate  fulminic  acid  have  proved  un- 
successful, as  it  explodes  with  the  slightest  decomposing  force.  It  consists,  by  weight,  of 
2  primes  of  carbon,  1  of  azote,  and  1  of  oxygen ;  or  of  two  volumes  of  carbonic  acid, 
and  one  of  azote.  When  two  different  bodies,  like  the  above,  have  the  same  composition, 
they  are  said  to  be  isomeric. 

FUMIGATION,  is  the  employment  of 
fumes  or  vapors  to  purify  articles  of  ap- 
parel, and  gdods  or  apartments  supposed 
to  be  imbued  with  some  infectious  or  con- 
tagious poison  or  fumes.  The  vapors  of 
vinegar,  the  fumes  of  burning  sulphur,  ex- 
plosion of  gunpowder,  have  been  long  pre- 
scribed and  practised,  but  they  have  in  all 
probability  little  or  no  eflicacy.  The  dif- 
fusion of  such  powerful  agents  as  chlorine 
gas,  muriatic  acid  gas,  or  nitric  acid  va- 
por, should  alone  be  trusted  to  for  the  de- 
struction of  morbific  efiluvia. 

FUR  ;  St-e  Peltry. 

FURNACE  OF  ASSAY.  Under  As- 
say, I  have  referred  to  a  furnace  con- 
structed by  Messrs.  Anfrye  and  d'Arcet, 
which  gives  some  peculiar  facilities  and 
economy  to  the  ancient  process  by  fire.  It 
had  oriifinally  a  small  pair  of  bellows  at- 
tached to  it,  for  raisin?  the  heat  rapidly  to 
the  proper  vitrifying  pitch.  The  furnace, 
17^  inches  high,  and  7J  inches  wide,  made 
of  pottery  or  tine  clay,  is  represented  Jig. 
481,  suppoi  ted  upon  a  table,  having  a  pair 
of  bellows  beneath  it.  The  laboratory  is 
at  b,  the  blow-pipe  of  the  bellows  at  d, 
with  a  stop-cock,  and  the  dome  is  sur- 
mounted by  a  chimney  a  c,  in  whose  low- 
er part  there  is  an  opening  with  a  sliding 
door,  for  the  introduction  of  the  charcoal 
fuel.  The  furnace  is  formed  in  three 
pieces ;  a  dome,  a  body,  and  an  ash-pit. 
A  pair  of  tongs,  a  stokins  hook,  and  cupel, 
are  seen  to  the  right  hand,  and  the  plan  of 
the  stone-ware  grate,  pierced  with  conical 
holes,  and  a  poker,  are  seen  to  the  left.  This 
grate  suits  the  furnace  represented  under 
Assay.      The  following  are  comparative  experiments  made  by  means  of  this  furnace . 
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Numbers. 

Silver  employed. 

Lead  employed. 

Time  of  assay. 

Standards. 

Charcoal  used. 

1 
2 
3 
4 

1  Grain. 

4  Grains. 

12  minutes. 

11 

13 

10 

947  milliemes. 

950 

949 

949 

173  Grains. 
86 
93 
60 

Each  assay  was  therefore  performed  at  an  average  in  llj  minutes,  and  not  much  more 
than  a  quarter  of  a  pound  of  charcoal  was  used.  An  experiment  of  verification  in  the 
ordinary  assay  furnace  showed  the  standard  to  be  949  thousandths. 

This  furnace  becomes  a  very  convenient  one  for  melting  small  quantities  of  metals  in 
analyses,  by  removina  the  muffle,  and  closing  the  several  apertures  with  their  appropriate 
stoppers.  A  small  pedestal  may  be  then  set  in  the  middle  of  the  grate,  to  support  a  cru- 
cible, which  may  be  introduced  through  the  opening  h.  Coke  may  also  be  used  as  fuel, 
either  by  itself  or  mixed  with  charcoal.  For  descriptions  of  various  furnaces,  see 
Assay  ;  Beer  ;  Copper  ;  Evaporation  ;  Iron  ;  Metallurgy  ;  Ores  ;  Silver, 
Tin,  &.C. 

FUSIBILITY.     That  property  by  which  solids  assume  the  fluid  state. 

Some  chemists  have  asserted  that  fusion  is  simply  a  solution  in  caloric;  but  this  opinion 
includes  too  many  yet  undecided  questions,  to  be  hastily  adopted. 


Fusibility  of  Metals,  as  given  by  M.  Thenard. 


1,  Fusible  below  a 
fed  heat. 


Mercury 

Potassium 

Sodium 

Tin 

Bismuth 

Lead 

Tellurium 

Arsenic 

Zinc 

Antimony 

Cadmium 


Centigr. 

—39° 

+58° ; 

90    ' 
210 
256 
260 


Gay  Lussac  and  Thenard. 

Newton. 


Biot. 

A  little  less  fusible  than  lead. 
Undetermined. 
370°         Brongniart. 
A  little  below  a  read  heat. 
Stromeyer. 


-Klaproth. 


,2.  Infusible  below  a 
red  heat. 


FUSIBLE  METAL. 


Silver 
Copper 
Gold 
Cobalt 

Iron 

Manganese 
Nickel 
Palladium 
Molybdenum 
Uranium 
Tungsten 
Chromium 
Titanium 
Cerium 
Osmium 
Iridium 
Rhodium 
Platinum 
Columbium 
See  Alloy. 


Pyrometer  of  Wedgewood. 


20 
27 
32 


Kennedy. 
Wedgewood. 


1! 


A  little  less  difficult  to  melt\han  iron. 
130  Wedaewood. 

58  Sir  G.  M'Kenzie. 

160  Guyton. 

As  manganese. — Richter. 


Nearly  infusible  ;  and  to  be  obtained  at  a 
forge  heat  only  in  small  buttons. 


Infusible  at  the  forge  furnace.  Fusible  at 
the  oxyhydrogen  blowpipe.  See  Blow- 
pipe. 


FUSTET.     (Fuslec,  Fr.)     The  wood  of  the  rhus  cotinus,  a  fugitive  yellow  dye. 

FUSTIAN  is  a  species  of  coarse  thick  tweeled  cotton,  and  is  generally  dyed  of  an 
olive,  leaden,  or  other  dark  color.  Besides  the  common  fustian,  which  is  known  by  the 
name  of  pillow  (probably  pilaw),  the  cotton  stuffs  called  corduroy,  velveretl,  velveteen, 
thicksett,  used  for  men's  wearing  apparel,  belong  to  the  same  fabric.  The  commonest 
kind  is  merely  a  tweel  of  four,  or  sometimes  five  leaves,  of  a  very  close  stout  texture, 
and  very  narrow,  seldom  exceeding  17  or  ]8  inches  in  breadth.  It  is  cut  from  the  loom 
m  half  pieces,  or  ends,  as  they  are  usually  termed,  about  35  yards  long,  and  after  under- 
going the  subsequent  operations  of  dyeing,  dressing,  and  folding,  is  ready  for  the 
Qiarket. 


544  FUSTIAN. 

The  draught  and  cording  of  common  fustian  is  very  simple,  heing  generally  a  regular 
or  unbroken  tweel  of  four  or  five  leaves.  Below  are  specimens  of  a  few  difl'erent  kinds, 
selected  from  those  most  general  in  Lancashire. 

The  number  of  leaves  of  heddles  are  represented  by  the  lines  across  the  paper,  and  the 
cording  by  the  ciphers  in  the  little  squares,  those  which  i-aise  every  leaf  being  distin- 
guished by  these  marks,  and  those  which  sink  them  left  blank,  as  more  particularly 
explained  in  the  article  Textile  Fabric. 

Of  velvet,  there  are  properly  only  two  kinds,  that  with  a  plain,  and  that  with  a  tweeled, 
or,  as  it  is  here  called,  a  Genoa  ground,  or  back.  When  the  material  is  silk,  it  is  called 
velvet,  when  cotton,  velveteen ;  and  this  is  the  sole  difference.  In  the  same  way  a  com- 
mon tweeled  cloth,  when  composed  of  silk  is  called  satin ;  when  of  cotton,  fustian  or 
jean  ;  of  woollen,  plaiding,  serge,  or  kerseymere;  and  in  the  linen  trade  is  distinguished 
by  a  variety  of  names  according  to  the  quality  or  fineness,  or  the  place  where  the  article 
is  manufactured. 

No.  1. — Pillow  Fustian.  No.  2. — Plain  Velveret. 


|0|   1   1   1    4 

5       1 

1) 

1   |0| 

1  1  1 

3 

1 

1   I0|   1   1      3 

6 

>> 

|0|  1 

1  1   1 

i 

1   1  |0|   |6      2 

3 

<) 

|0|  1 

10|0| 

0 

2 

1   1   1   1  0  1   5      1 

4 

<) 

1  1  1 

|U|   1 

0    4 

2    4     3     1  4    6    2     3     1 

5 

Of  the  above,  each  contains  four  leaves  of  heddles  or  healds ;  that  represented  by  No.  1 
is  wrought  by  four  treddles,  and  that  which  is  distinguished  by  No.  2  by  five;  the  suc- 
cession of  inserting  the  threads  of  warp  into  the  heddles  will  be  discovered  by  the  figures 
between  the  lines,  and  the  order  in  which  the  treddles  are  to  be  successively  pressed 
down  by  the  figures  below. 

No.  3,— Double  Jean.  No.  4.— Plain  Thickset. 


o|  I  |o| ! <>       I  |o|  I  I 


I  0  I   I  0  I   I      2  (,  I   I  0  I  0  !  II  I   I 


I   |0|0|   I    3  ^    I   I   I   |0|   I 


I   I'M   |0|   4 f,  I  I)  I   I   I  0  I  0  I       -  3  1 

4  2  3  1  4  6  2  3  1 

5    7 

These,  like  the  former,  are  wrought  with  leaves.  No.  3  requires  four,  and  No.  4  five 
treddles.  The  succession  of  inserting  the  threads  of  warp,  and  of  working  the  treddles, 
are  marked  by  the  respective  numbers  between  and  under  the  lines,  as  in  the  former 
example.  Both  are  fabrics  of  cloth  in  very  general  use  and  estimation  as  low  priced 
articles. 

No.  5.— Best  Thickset.  No.  6.— Velvet  Tuft. 

|0i   I   |0|0|           3   1         (,          I   lOj   I   I   I   5    3   1 
■    I   I   I   I   |0|       5 I)  I   |0|0|   I   I .   4   2 


I      |0|      I      I      I 2 (,  |0|      I      |0|0|          4        2 

I      |0|0|      II              6      4 (>  I      II      |0|      I 5      3      1^ 

64231  64231 
5 

These  are  further  specimens  of  what  may  be,  and  is,  executed  with  four  leaves,  and  in 
both  examples  five  treddles  are  used.  With  two  other  specimens  we  shall  conclude  our 
examples  of  this  description  of  work,  and  shall  then  add  a  very  few  specimens  of  the 
more  extensive  kinds. 

No.  7.— Cord  and  Velveret.  No.  8.— Thickset  Cord. 


1   |0|   1   1   1 

3   1 

3   1  1) 

|0|   1   10|0| 

5   3   1 

1   I0|0|   1   1 

5       7 

5                 t, 

1   |0|   1   1   1 

4   2 

|0|   1   10|0| 

6       8 

2  1) 

1   1   1   1   1   1 

9   7 

1   1   1   |0|   1 

4   2    6 

4       (i 

1   |U|t)|   1   1 

10   8   6 

4  2     3     1  5    4    3    2     1 

6     5 

In  these  the  succession  of  drawing  and  working  are  marked  like  the  former.  The  next 
are  examples  of  patterns  wrought  with  six  leaves.  No.  9  has  eight,  and  No.  10  five 
heddles. 


FUSTIAN 
No.  9.— Double  Corduroy, 

* 

No.  10.- 

-Genoa  Thickset. 

54 

1      1      1      |0|      |0|      |0| 

1 

f> 

1      1      |0|U|                                        i 

1     |0|     1     1     |0|     1     1 

2 

* 

|0|      |0| 

2 

|0|0|01010|     1     1     1 

3 

^ 

0 

|0|0|      1 

3 

1      1      1      |0|      |0|      1      1 

4 

t> 

0|      |0|0| 

4 

1      |0|      1      1      1      |U|      1 

5 

) 

0 

|0|      |0| 

5 

1     1 u 1     MM     1     1     1     1 

6 

<) 

0|      |0|      1 

6 

2    4    6    8     10  12  3     1 
7    5 
11   9 

4 

8 

1 

2    5    3     1 
6    11   9    7 
2    10 

In  both  these  the  warp  is  inserted  into  the  heddles  the  same  way.  The  difference  is 
entirely  in  the  application  of  the  cords,  and  in  the  succession  of  pressing  down  the 
treddles.  We  now  give  four  specimens  of  the  flushed  and  cut  work,  known  by  the  name 
of  velveteen.  They  are  also  upon  six  leaves,  and  the  difference  is  solely  in  the  cording 
and  in  the  treading. 


No.  11. 

Queen 

s  Velveteens. 

No 

12. 

1      |0|      |0|0| 

1 

« 

1      1      |0|      |0| 

1 

1      1      IDI      |0| 

2 

() 

1      |01      |0|0| 

2 

1     1     |0|0|     1 

3 

« 

1     1     |0|0|     1 

3 

1      1      1      |0|0|0 

4 

« 

|0|      |0|      |0| 

4 

1      1     |0|     |0| 

5 

d 

1    1    1    lojoi 

5 

|0|     |0|0|     1 

6 

d 

0|      1      |0|0|      1 

6 

1     2   12    8    4    2 
5    7  6 

9   11  10 


2    4     3 
6    8    7  5 

10  12  11    9 


No.  13.- 

-Plain  Velveteen. 

No.  14. — Genoa  Velveteen. 

1     1     1     1     I0| 

1 

« 

1      |0|0|      |0|                                  1 

|0|     1     |0|     1 

2 

« 

|0|0|      III                                2 

1      1      1      1      |0 

3 

t, 

0|0|      |0|      1      1                            3 

1      1      |0|0| 

4 

t) 

1      |0|0|      1      1                         4 

1  1  r  1  ioi 

5 

0 

|0|0|      |0|      1                     5 

1      |0|      |0| 

6 

t) 

|0|      |0|      i      1                 6 

13    2    4 
5    7    6 


2    4    8  12    3     1 
6  7     5 

10  11    9 


The  additional  varieties  of  figure  which  might  be  given  are  almost  endless,  but  the 
limits  of  this  article  will  not  admit  a  further  detail.  Those  already  given  are  the  articles 
in  most  general  use.  The  varieties  of  fancy  may  be  indulged  to  a  great  extent ;  but  it  is 
universally  found,  that  the  most  simple  patterns  in  every  department  of  ornamental 
weaving  are  those  which  attract  attention  and  command  purchasers.  We  shall  therefore 
only  add  two  examples  of  king's  cord  or  corduroy,  two  of  Genoa  and  common  velvet,  and 
two  more  of  jean.     These  will  be  found  below. 

No.  15.— King's  Cord.  No.  16.— Dutch  Cord. 


1      1      1      1      |0|01 

1 

tl 

1      1      |0| 

1 

4         1 

1     1     |0|     1     |0| 

2 

« 

1     |0|     1 

0| 

5        2 

1     1     |0|0|     1     1 

7 

3 

^ 

|0|      1      |0 

1 

6        3 

1     1     1     |0|0|     1 

8 

4 

f> 

1     |0|0| 

1 

7 

1      |0|      1      |0|0| 

5 

1) 

|0|      |0| 

0| 

8 

|0|     |0|     1     1     1 

6 

1) 

|0|0|     |0 

0| 

9 

13    8    6    4    2 

6    4    2    3 

1 

No.  17. — Genoa  Velvet. 


I    |0|    I 


No.  18.— Plain  Velvet. 


|0|0|0| 


ojol  I  I 


I   |0|0| 


0 


01 


2  4  8  12  3  1 
6  7  5 
10       11  9 


J i 


I  I 


3  4 
5 


After  the  fustian  cloth  is  taken  from  the  loom-beam,  it  is  carried  to  the  cutter,  who 
rips  up  the  surface-threads  of  weft,  and  produces  thereby  a  hairy-looking  stuff. 
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Preparatory  to  its  being  cut,  the  cloth  is  spread  evenly  upon  a  table  about  six  feet  long, 
upon  each  end  of  which  a  roller  mounted  with  a  ratchet-wheel  is  fixed ;  the  one  to  give 
off,  and  the  other  to  wind  up  the  piece,  in  the  above  six-feet  lengths. 

The  knife  is  a  steel  rod  about  two  feet  long,  and  three  eighths  of  an  inch  square,  hav- 
ing a  square  handle  at  the  one  end  ;  the  other  end  is  tapered  away  to  a  blade,  as  thin  as 
paper.  To  prevent  this  point  from  turning  downwards  and  injuring  the  cloth,  its  under 
side  is  covered  by  a  guide  which  serves  to  stiffen  it,  as  well  as  to  prevent  its  lower  edge 
from  cutting  the  fustian. 

The  operative  (male  or  female)  grasps  the  handle  in  the  right  hand,  and  insinuating 
the  projecting  point  of  the  guide  under  the  weft,  pushes  the  knife  smaitly  forward  through 
the  whole  length  of  six  feet,  with  a  certain  dexterous  movement  of  the  shoulder  and 
right  side,  balancing  the  body  meanwhile,  like  a  fencer,  upon  the  left  foot.  This  process 
is  rei)ealed  upon  every  adhesive  line  of  the  weft. 

The  next  process  to  which  fustians  are  exposed  is  steeping  in  hot  water,  to  take  out 
the  dressing  paste.  They  are  then  dried,  reeled,  and  brushed  by  a  machine,  &c. 
From  twenty  to  thirty  pieces,  each  eighty  yards  long,  may  be  brushed  in  an  hour.  The 
breadth  of  the  cloth  is  twenty  mches.  The  maceration  is  performed  by  immersing  the 
bundled  pieces  in  tanks  of  water,  heated  by  waste  steam  ;  and  the  washing  by  means  of 
a  reel  or  winch,  kept  revolving  rapidly  under  the  action  of  a  stream  of  cold  water,  for 
an  hour  or  longer. 

After  being  thus  ripped  up,  it  is  taken  to  the  brushing  or  teazling  machine,  to  make  it 
shaggy. 

This  consists  of  a  series  of  wooden  rollers,  turning  freely  upon  iron  axles,  and  covered 
with  tin-plate,  rough  with  the  burs  of  punched  holes ;  and  blocks  of  wood,  whose  con- 
cave under  surfaces  are  covered  with  card-cloth  or  card-brushes,  and  which  are  made  to 
traverse  backwards  and  forwards  in  the  direction  of  the  axes  of  the  revolving  rollers, 
during  the  passage  of  the  cloth  over  them. 

After  they  are  brushed  in  the  machine,  the  goods  are  singed  by  passing  their  cut  surface 
over  a  cylinder  of  iron,  laid  in  a  horizontal  direction,  and  kept  red  hot  by  a  flue.  See 
Singeing.  They  are  now  brushed  again  by  the  machine,  and  once  more  passed  over  the 
singeing  surface.  The  brushing  and  singeing  are  repeated  a  third,  or  even  occasionally 
a  fourth  lime,  till  the  cord  acquires  a  smooth  polished  appearance. 

The  goods  are  next  steeped,  washed,  and  bleached,  by  immersion  in  solution  of  chloride 
of  lime.  They  are  then  dyed  by  appropriate  chemical  means.  After  which  they  are 
padded  (imbued  by  the  padding  machine  of  the  calico  printers)  with  a  solution  of  glue, 
and  passed  over  steam  cylinders  to  stiffen  them. 

Smooth  fustians,  when  cropped  or  shorn  before  dyeing,  are  called  moleskins ;  but  when 
shorn  after  being  dyed,  are  called  beaverteen  :  they  are  both  tweeled  fabrics.  Cantoon  is 
a  fustian  wiih  a  fine  cord  visible  upon  the  one  side,  and  a  satiny  surface  of  yarns  running 
at  right  angles  to  the  cords  upon  the  other  side.  The  satiny  side  is  sometimes  smoothed 
by  singeing.  The  stuff  is  strong,  and  has  a  very  fine  aspect.  Its  price  is  one  shilling 
and  sixpence  a  yard. 

Common  plain  fustian,  of  a  brown  or  drab  color,  with  satin  top,  is  sold  as  low  as 
sevenpence  a  yard. 

A  fustian,  with  a  small  cord  running  in  an  oblique  direction,  has  a  very  agreeable  ap- 
pearance. It  is  called  diagonal.  Moleskin  shorn,  of  a  very  strong  texture,  and  a  drab 
dyed  tint,  is  sold  at  20(/.  per  yard. 

The  weight  of  90  yards  of  the  narrow  velveteen,  in  the  green  or  undressed  state,  is 
about  24  pounds.  The  goods  made  for  the  German,  Italian,  and  Russian  markets  are 
lighter,  on  account  of  the  peculiarity  in  the  mode  of  levying  the  import  duty  in  these 
countries. 

Velveteens  as  they  come  from  the  loom,  are  sold  wholesale  by  weight,  and  average  a 
price  of  20(i.  per  pound.  They  are  usually  woven  with  yarns  of  Upland  and  Brazil  cotton 
wool,  spun  together  for  the  warp ;  or,  sometimes.  New  Orleans  alone.  The  weft  is  usu- 
ally Upland,  sometimes  mixed  with  East  India  cotton  wools. 

Trouser  velveteens  are  woven  19  inches  wide,  if  they  are  to  be  cut  up;  if  not,  they 
are  woven  30  inches,  and  called  beaverteen. 

Cutting  or  cropping  fustians  by  hand  is  a  very  laborious  and  delicate  operation. 
The  invention  of  an  improved  apparatus  for  effecting  the  same  end  with  automatic  pre- 
cision and  despatch,  was  therefore  an  object  of  no  little  interest  to  this  peculiar  manufac- 
ture of  Manchester.  An  ingenious  machine,  apparently  well  calculated  for  this  purpose, 
was  made  the  subject  of  a  patent  by  Messrs.  William  Wells  and  George  Scholefield,  of 
Salford,  in  November,  1834. 

FUSTIC.  (Bois  jaune,  Fr. ;  Gelbholz,  Germ.)  The  old  fustic  of  the  English  dyer, 
as  the  article  fustet  is  their  yellow  fustic.  It  is  the  wood  of  the  Morus  tinctoria.  It  is 
light,  not  hard,  and  pale  yellow  with  orange  veins ;  it  contains  two  coloring  matters,  one 
resinous,  and  another  soluble  in  water.  The  latter  resembles  weld,  but  it  has  more  of 
an  orange  cast,  and  is  not  so  lively. 
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Its  decoctioas  in  water  are  brightened  by  the  addition  of  a  little  glue,  and  more  by  cur- 
dled milk.  This  wood  is  rich  in  color,  and  imparts  permanent  dyes  to  woollen  stuffs, 
when  aided  by  proper  mordants.  It  unites  well  with  the  blue  of  the  indigo  vat,  and 
Saxon  blue,  in  producing  green  of  various  shades.  Alum,  tartar,  and  solution  of  tin, 
render  its  color  more  vivid  ;  sea  salt  and  sulphate  of  iron  deepen  its  hue.  From  5  to  6 
parts  of  old  fustic  are  sufficient  to  give  a  lemon  color  to  16  parts  of  cloth.  The  color  of 
weld  is  however  purer  and  less  inclining  to  orange;  but  that  of  fustic  is  less  affected  by 
acids  than  any  other  yellow  dye.  This  wood  is  often  employed  with  sulphate  of  iron  in 
producing  olive  and  brownish  tints,  which  agree  well  with  its  dull  yellow.  For  the  same 
reason  it  is  much  used  for  dark  greens. 

G. 

GABRONITE  is  a  yellowish  stony  substance,  of  a  greasy  lustre  and  spec.  gr.=2'74 ; 
affording  no  water  by  calcination  ;  fusible  at  the  blowpipe  into  an  opaque  glass;  soluble 
in  muriatic  acid ;  solution  affords  hardly  any  precipitate  by  oxalate  of  ammonia.  This 
mineral  is  distinguished  by  the  large  quantity  of  soda  which  it  contains;  its  constituents 
being — silica,  54;  alumina,  24;  soda,  17-25;  magnesia,  To;  oxyde  of  iron,  1'25;  water, 
2.     It  belongs  to  the  species  Nepheline. 

GADOLINITE,  called  also  Yttrite  and  Ytterbite,  is  a  mineral  of  a  black,  brownish, 
or  yellowish  color,  granular,  or  compactly  vitreous,  and  conchoidal  fracture ;  of  spec, 
grav.  4*23  ;  readily  scratching  glass ;  fusible  at  ihe  blowpipe  into  an  opaque  glass,  some- 
times with  intumescence.  It  affords,  with  acids,  a  solution  that  lets  fall,  with  caustic 
soda,  a  precipitate  partly  re-soluble  in  carbonate  of  ammonia.  It  is  remarkable  for  con- 
taining from  45  to  55  per  cent,  of  the  earth  Yttria;  its  remaining  constituents  being  sili- 
ca, 25-8;  oxyde  of  cerium,  17"92;  oxyde  of  iron,  11"43.  This  mineral  is  very  rare,  hav- 
ing been  hitherto  found  only  in  the  neighborhood  of  Fahlon  and  Ytterby,  in  Sweden;  its 
peculiar  constituent  was  discovered  by  Professor  Gadolin. 

GALACTOMKTER,  or  LACTOMETER,  is  an  instrument  to  ascertain  the  quality 
of  milk;  an  article  often  sophisticated  in  various  ways.  Fresh  milk,  rich  in  cream,  has  a 
less  specific  gravity  than  the  same  milk  after  it  has  been  skimmed  ;  and  milk  diluted  with 
water  becomes  proportionably  lighter.  Hence,  when  our  purpose  is  to  determine  the 
quantity  of  cream,  the  galactometer  may  consist  merely  of  a  long  graduated  glass  tube 
standing  upright  upon  a  sole.  Having  filled  100  measures  with  the  recent  milk,  we  shall 
see,  by  the  measures  of  cream  thrown  up,  its  value  in  this  respect.  A  delicate  long- 
ranged  glass  hydrometer,  graduated  from  1"000  up  to  1"060,  affords  the  most  convenient 
means  of  detecting  the  degree  of  watery  dilution,  provided  the  absence  of  thickening  ma- 
terials has  been  previously  ascertained  by  filtration.  Good  fresh  milk  indicates  from  i'030 
to  1'032;  when  the  cream  is  removed,  1-035  to  1-037.  When  its  density  is  less  than  1-028, 
we  may  infer  it  has  been  thinned  with  water. 

GALBANUM  is  a  gum-resin,  which  occurs  sometimes  in  yellow,  shining  tears,  easily 
agglutinated  ;  of  a  strong  durable  smell  ;  an  acrid  and  bitter  taste;  at  other  times  in  lumps. 
It  exudes  either  spontaneously  or  from  incisions  made  into  the  stem  oi"  the  bubon  galbanum, 
a  plant  of  the  family  of  umbelliferce,  which  grows  in  Africa,  particularly  in  Ethiopia.  It 
contains  67  of  resin;  19-3  of  gum;  6-4  of  volatile  oil  and  water;  7*5  of  woody  fibres  and 
other  impurities ;  with  traces  of  acid  malate  of  lime. 

GALENA,  (Plomb  sulfure,Yr. ;  Bkiglanz,  Germ. ;)  is  a  metallic  looking  substance  of 
a  lead-gray  color,  which  crystallizes  in  the  cubical  system,  and  is  susceptible  of  cleavages 
parallel  to  the  faces  of  the  cube;  spec.  gr.  7*7592;  cannot  be  cut;  fusible  at  the  blow- 
pipe with  exhalation  of  sulphureous  vapors;  is  easily  reduced  to  metallic  lead.  Nitric 
acid  first  dissolves  it,  and  then  throws  down  sulphate  of  lead  in  a  white  precipitate;  the 
solution  affording,  wiih  plates  of  zinc,  brilliant  laminse  of  lead  (arbor  Saturni.)  It  con- 
sists of  sulphur,  13  ;  lead,  85  ;  with  a  little  iron,  and  sometimes  a  minute  quantity  of  silver. 
This  is  the  richest  ore  of  lead,  and  it  occurs  in  almost  every  geological  formation,  in 
veins,  in  masses,  or  in  beds.  It  is  almost  always  accompanied  by  sulphuret  of  zinc,  dif- 
ferent salts  of  lead,  heavy  spar,  fluor  spar,  &c.  Galena  in  powder,  called  Alquifoux,  is 
employed  as  a  glaze  for  coarse  stoneware. 

Galipot  is  a  name  of  a  white  semi-solid  viscid  rosin  found  on  fir-trees ;  or  an  infe- 
rior sort  of  turpentine,  poor  in  oil. 

GALLATES  ;  salts  consisting  of  gallic  acijl  combined  with  bases ;  the  most  important 
bein?  that  with  oxyde  of  iron,  constituting  a  principal  part  of  the  black  dye. 

GALLIC  ACID  is  the  peculiar  acid  extracted  from  gall-nuts ;  which  see. 

GALLIPOLI  OIL  is  a  coarse  olive  oil,  containing  more  or  less  mucilage;  imported  from 
a  seaport  so  named,  of  the  province  of  Otranto,  in  the  kingdom  of  Naples. 

GALL-NUTS,  or  GALLS,  {Noix  de  Galle,  Fr. ;  Galldpfel,  Germ.;)  are  excrescences 
found  upon  the  leaves  and  leaf-stalks  of  a  species  of  oak,  called  Quercus  infecto- 
ria,  which  grows  in  the  Levant.  They  are  produced  in  consequence  of  the  puncture 
of  the  female  of  the  gall  wasp  (Cynips  folii  quercus),  made  in  order  to  deposite   her 
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eggs ;  round  which  the  juice  of  the  tree  exudes,  and  dries  in  concentric  portions.    When 
the  insect  gets  fully  formed,  it  eats  through  the  nut,  and  flies  off. 

The  Levant  galls  are  of  two  different  appearances  and  qualities;  the  first  are  heavy, 
compact,  imperforated,  the  insect  not  having  been  sufficiently  advanced  to  eat  its  way 
through  the  shell ;  prickly  on  the  surface ;  of  a  blackish  or  bluish  green  hue ;  about  the 
size  of  a  musket-ball.  These  are  called  black,  blue,  or  Aleppo  galls.  The  second  are 
light,  spongy,  pierced  with  one  or  more  holes ;  smooth  upon  the  surface,  of  a  pale  grayish 
or  reddish  yellow  color,  generally  larger  than  the  first,  and  are  called  white  galls.  Be- 
sides the  galls  of  the  Levant,  others  come  from  Dalmatia,  Illyria,  Calabria,  &c. ;  but  they 
are  of  inferior  quality,  being  found  upon  the  Quercus  Cerris ;  they  are  smaller,  of  a  brown- 
ish color,  and  of  inferior  value.  The  further  south  the  galls  are  grown,  they  are  reckoned 
the  better. 

Galls  consist  principally  of  three  substances;  tannin  or  tannic  acid;  yellow  extractive; 
and  gallic  acid.  Their  decoction  has  a  very  astringent  and  unpleasant  bitter  taste.  The 
following  are  their  habitudes  with  various  reagents  : — 

Litmus  paper  is  powerfully  reddened. 

Stannous  chloride  {protomuriate  of  tin)  produces  an  Isabel  yellow  precipitate. 

Alum  ;  a  yellowish  gray  precipitate. 

Acetate  of  lead  ;  a  thick  yellowish  white  precipitate. 

Acetate  of  copper ;  a  chocolate  brown  precipitate. 

Ferric  sulphate  (red  sulphate  of  iron) ;  a  blue  precipitate. 

Sulphuric  acid ;  a  dirty  yellowish  precipitate. 

Acetic  acid  brightens  the  muddy  decoction. 

The  galls  of  the  Quercus  Cerris  and  common  oak  (Galles  a  I'epine,  Fr. ;  Knoppern, 
Germ.)  are  of  a  dark  brown  color,  prickly  on  the  surface,  and  irregular  in  shape  and  size. 
They  are  used  chiefly  for  tanning  in  Hungary,  Dalmatia,  and  the  southern  provinces  of 
the  Austrian  states,  where  they  abound. 

Tannin  or  tannic  acid  is  prepared  as  follows  :  Into  a  long  narrow  glass  adopter  tube, 
shut  at  its  lower  orifice  with  a  cotton  wick,  a  quantity  of  pounded  galls  are  put,  and 
slightly  pressed  down.  The  tapering  end  of  the  tube  being  inserted  into  a  matrass  or 
bottle,  the  vacant  upper  half  of  the  tube  is  filled  with  sulphuric  ether,  and  then  closed  with 
a  ground-glass  stopper.  Next  day  there  will  be  found  in  the  bottle  a  liquid  in  two  dis- 
tinct strata;  of  which  the  more  limpid  occupies  the  upper  part,  and  the  other,  of  a  sirupy 
consistence  and  amber  color,  the  lower.  More  ether  must  be  filtered  through  the  galls, 
till  the  thicker  liquid  ceases  to  augment.  Both  are  now  poured  into  a  funnel,  closed  with 
the  finger,  and  after  the  dense  liquor  is  settled  at  the  bottom,  it  is  steadily  run  off  into  a 
capsule.  This,  after  being  washed  repeatedly  with  ether,  is  to  be  transferred  into  a  stove 
chamber,  or  placed  under  the  receiver  of  an  air  pump,  to  be  evaporated.  The  residuary 
matter  swells  up  in  a  spongy  crystalline  form  of  considerable  brilliancy,  sometimes  color- 
less, but  more  frequently  of  a  faintly  yellowish  hue. 

This  is  pure  tannin,  which  exists  in  galls  to  the  amount  of  from  40  to  45  per  cent.  It 
is  indispensable  that  the  ether  employed  in  the  preceding  process  be  previously  agitated 
with  water,  or  that  it  contain  some  water,  because  by  using  anhydrous  ether,  not  a  parti- 
cle of  tannin  will  be  obtained. 

Tannic  acid  is  a  while  or  yellowish  solid,  inodorous,  extremely  astringent,  very  soluble 
in  water  and  alcohol,  much  less  so  in  sulphuric  ether,  and  uncrystallizable.  Its  watery 
solution,  out  of  contact  of  air,  undergoes  no  change ;  but  if,  in  a  very  dilute  slate, 
it  be  lefl  exposed  to  the  atmosphere,  it  loses  gradually  its  transparency,  and  lets  fall  a 
slightly  grayish  crystalline  matter,  consisting  almost  entirely  of  gallic  acid.  For  procuring 
this  acid  in  a  perfectly  pure  state,  it  is  merely  necessary  to  treat  that  solution  thus 
changed  with  animal  charcoal,  and  to  filler  it,  in  a  boiling  state,  through  paper  pre- 
viously washed  with  dilute  muriatic  acid.  The  gallic  acid  will  fall  down  in  crystals  as 
the  liquid  cools. 

If  the  preceding  experiment  be  made  in  a  graduated  glass  tube  containing  oxygen  over 
mercury,  this  gas  will  be  absorbed,  and  a  corresponding  volume  of  carbonic  acid  gas  will 
be  disengaged.  In  this  case  the  liquor  will  appear  in  the  course  of  a  few  weeks  as  if 
traversed  with  numerous  crystalline  colorless  needles  of  gallic  acid. 

Tannin  or  tannic  acid  consists  of  carbon  51*56  ;  hydrogen  4-20 ;  oxygen  44*24. 

From  the  above  facts  it  is  obvious  that  gallic  acid  does  not  exist  ready  formed  in  gall- 
nuts,  but  that  it  is  produced  by  the  reaction  of  atmospheric  oxygen  upon  the  tannin  of 
these  concretions. 

Gallic  acid  is  a  solid,  feebly  acidulous  and  styptic  to  the  tastej  inodorous,  crystallizing 
in  silky  needles  of  the  greatest  whiteness  ;  soluble  in  about  100  times  its  weight  of  cold, 
and  in  a  much  smaller  quantity  of  boiling  water;  more  soluble  in  alcohol  than  in  water, 
but  little  so  in  sulphuric  ether. 

Gallic  acid  does  not  decompose  the  salts  of  protoxyde  of  iron,  but  it  forms,  with  the 
sulphate  of  the  peroxyde,  a  dark  blue  precipitate,  much  less  insoluble  than  the  tannate 
of  iron.     Gallic  acid  takes  the  oxyde  from  the  acetate  and  nitrate  of  lead,  and  throws 
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down  a  white  gallate  unchangeable  in  the  air,  when  it  is  mixed  with  that  acetate  and 
nitrate.  It  occasions  no  precipitate  in  solutions  of  gelatine  (isinglass  or  glue),  by  which 
criterion  its  freedom  from  tannin  is  verified. 

Gallic  acid  occurs  but  seldom  in  nature  ;  and  always  united  to  brucine,  veratrine,  or 
lime.  Its  constituents  are  carbon  49-89  ;  hydrogen  3-49 ;  oxygen  46-62.  In  the  crystal- 
line state  it  contains  one  atom  of  water,  which  it  loses  by  drying. 

Scheele  obtained  gallic  acid  by  infusing  pounded  galls  for  3  or  4  days  in  8  times  their 
weight  of  water,  and  exposing  the  infusion  to  the  air,  in  a  vessel  covered  loosely  with 
paper.  At  the  end  of  two  months,  the  liquor  had  almost  all  evaporated,  leaving  some 
mouldiness  mixed  with  a  crystalline  precipitate.  The  former  being  removed,  the  de- 
posite  was  squeezed  in  a  linen  cloth,  and  then  treated  with  boiling  water.  The  solution, 
being  gradually  evaporated,  yielded  crystals  of  gallic  acid,  granular  or  star-like,  of  a 
grayish  color.  These  crystals  might  be  whitened  by  boiling  their  solution  along  with  a 
little  animal  charcoal.  About  one  fifth  of  gallic  acid  may  be  obtained  by  Scheele's  pro- 
cess from  good  gall-nuts. 

From  a  decoction  of  500  parts  of  galls,  Sir  H.  Davy  obtained  185  parts  of  solid  extract; 
which  consisted  of  130  parts  of  tannin  ;  31  parts  of  gallic  acid  with  extractive  ;  13  parts 
of  mucilage;  12  parts  of  lime  and  salts.  Hence  gall-nuts  would  seem  to  contain,  by 
this  statement,  more  than  two  thirds  of  their  weight  of  tannin.  This  result  is  now  seen, 
from  the  above  experiments  of  Pelouze,  to  have  been  incorrect,  in  consequence  of  the 
admixture  of  yellow  extractive  in  Davy's  tannin. 

The  use  of  galls  in  many  processes  of  dyeing,  and  in  making  black  ink,  is  detailed 
under  their  respective  heads. 

GALL  OF  ANIMALS,  or  OX-GALL,  ■purification  of.  Painters  in  water  colors, 
scourers  of  clothes,  and  many  others,  employ  ox-gall  or  bile ;  but  when  it  is  not  purified, 
it  is  apt  to  do  harm  from  the  greenness  of  its  own  tint.  It  becomes  therefore  an  impor- 
tant object  to  clarify  it,  and  to  make  it  limpid  and  transparent  like  water.  The  following 
process  has  been  given  for  that  purpose.  Take  the  gall  of  newly  killed  oxen,  and  after 
having  allowed  it  to  settle  for  12  or  15  hours  in  a  basin,  pour  the  supernatant  liquor  off 
the  sediment  into  an  evaporating  dish  of  stone  ware,  and  expose  it  to  a  boiling  heat  in  a 
water  bath,  till  it  is  somewhat  thick.  Then  spread  it  upon  a  dish,  and  place  it  before  a 
fire  till  it  becomes  nearly  dry.  In  this  state  it  may  be  kept  for  years  in  jelly  pots  cov- 
ered with  paper,  without  undergoing  any  alteration.  "When  it  is  to  be  used,  a  piece  of 
it  of  the  size  of  a  pea  is  to  be  dissolved  in  a  table  spoonful  of  water. 

Another  and  probably  a  better  mode  of  purifying  ox-gall  is  the  following.  To  a  pint 
of  the  gall  boiled  and  skimmed,  add  one  ounce  of  fine  alum  in  powder,  and  leave  the 
mixture  on  the  fire  till  the  alum  be  dissolved.  When  cooled,  pour  into  a  bottle,  which 
is  to  be  loosely  corked.  Now  take  a  like  quantity  of  gall,  also  boiled  and  skimmed,  add 
an  ounce  of  common  salt  to  it,  and  dissolve  with  heat ;  put  it  when  cold  into  a  bottle, 
which  is  likewise  to  be  loosely  corked.  Either  of  these  preparations  may  be  kept  for 
several  years  without  their  emitting  a  bad  smell.  After  remaining  three  months,  at  a 
moderate  temperature,  they  deposite  a  thick  sediment,  and  become  clearer,  and  fit  for 
ordinary  uses,  but  not  for  artists  in  water  colors  and  miniatures,  on  account  of  their 
yellowish-green  color.  To  obviate  this  inconvenience,  each  of  the  above  liquors  is  to 
be  decanted  apart,  after  they  have  become  perfectly  settled,  and  the  clear  portion  of  both 
mixed  together  in  equal  parts.  The  yellow  coloring  matter  still  retained  by  the  mix- 
ture coagulates  immediately  and  precipitates,  leaving  the  ox-gall  perfectly  purified  and 
colorless.  If  wished  to  be  still  finer,  it  may  be  passed  through  filtering  paper;  but  it 
becomes  clearer  with  age,  and  never  acquires  a  disagreeable  smell,  nor  loses  any  of  its 
good  qualities. 

Clarified  ox-gall  combines  readily  with  coloring  matters  or  pigments,  and  gives  them 
solidity  either  by  being  mixed  with  or  passed  over  them  upon  paper.  It  increases  the 
brilliancy  and  the  durability  of  ultramarine,  carmine,  green,  and  in  general  of  all  delicate 
colors,  whilst  it  contributes  to  make  them  spread  more  evenly  upon  the  paper,  ivory, 
&c.  When  mixed  with  gum-arabic,  it  thickens  the  colors  without  communicating  to 
them  a  disagreeable  glistering  appearance;  it  prevents  the  gum  from  cracking,  and 
fixes  the  colors  so  well  that  others  may  be  applied  over  them  without  degradation. 
Along  with  lamp  black  and  gum,  it  forms  a  good  imitation  of  China  ink.  When  a  coat 
of  ox-gall  is  put  upon  drawings  made  with  black  lead  or  crayons,  the  lines  can  no  longer 
be  eflfaced,  but  may  be  painted  over  safely  with  a  variety  of  colors  previously  mixed  up 
with  the  same  ox-gall. 

Miniature  painters  find  a  great  advantage  in  employing  it;  bypassing  it  over  ivory, 
it  removes  completely  the  unctuous  matter  from  its  surface ;  and  when  ground  with  the 
colors,  it  makes  them  spread  with  the  greatest  ease,  and  renders  them  fast. 

It  serves  also  for  transparencies.  It  is  first  passed  over  the  varnished  or  oiled  paper, 
and  is  allowed  to  dry.  Tlie  colors  mixed  with  the  gall  are  then  applied,  and  cannot 
afterwards  be  removed  by  any  means. 

It  is  adapted  finally  tor  taking  out  spots  of  grease  and  oil. 
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GALL  OF  GLASS,  called  also  sandiver,  is  the  neutral  salt  skimmed  off  the  surface  of 
melted  crown  glass ;  which,  if  allowed  to  remain  loo  long,  is  apt  to  be  re-absorbed  in 
part,  and  to  injure  the  quality  of  the  metal,  as  the  workmen  call  it. 

GALVANIZED  IRON  is  the  somewhat  fantastic  name  newly  given  in  France  to  iron 
tinned  by  a  peculiar  patent  process,  whereby  it  resists  the  rusting  influence  of  damp  air, 
and  even  moisture,  much  longer  than  ordinary  tin  plate.  The  following  is  the  prescribed 
process.  Clean  the  surface  of  the  iron  perfectly  by  the  joint  action  of  dilute  acid  and 
friction,  plunge  it  into  a  bath  of  melted  zinc,  and  stir  it  about  till  it  be  alloyed  super 
ficially  with  this  metal ;  then  take  it  out,  and  immerse  it  in  a  bath  of  tin,  such  as  is  used 
for  making  tin  plate.  The  tin  forms  an  exterior  coat  of  alloy.  When  the  metal  thus 
prepared  is  exposed  to  humidity,  the  zinc  is  said  to  oxydize  slowly  by  a  galvanic  action, 
and  to  protect  the  iron  from  rusting  within  it,  whereby  the  outer  tinned  surface  remains 
for  a  long  period  perfectly  while,  in  ciicumstances  under  which  iron  tinned  in  the  usual 
way  would  have  been  superficially  browned  and  corroded  with  rust. 

GAMBOGE  {Gomme  Gutte,  Fr. ;  Gutti,  Germ.)  is  a  gum  resin,  concreted  in  the  air, 
from  the  milky  juice  which  exudes  from  several  trees.  The  gambogia  gutta,  a  tree 
which  grows  wild  upon  the  coasts  of  Ceylon  and  Malabar,  produces  the  coarsest  kind  of 
gamboge ;  the  guttaefera  vera  (Stalagmites  cambogioides)  of  Ceylon  and  Siam  affords 
the  best.  It  comes  to  us  in  cylindrical  lumps,  which  are  outwardly  brown  yellow,  but 
reddish  yellow  within,  as  also  in  cakes ;  it  is  opaque,  easily  reducible  to  powder,  of  specific 
gravity  1-207,  scentless,  and  nearly  devoid  of  taste,  but  leaves  an  acrid  feeling  in  the 
throat.  lis  powder  and  watery  emulsion  are  yellow.  It  consists  of  80  parts  of  a  hya- 
cinth red  resin,  soluble  in  alcohol ;  and  20  parts  of  gum ;  but  by  another  analysis,  of  89 
of  resin,  and  10-5  of  gum.  Gamboge  is  used  as  a  pigment,  and  in  miniature  painting,  to 
tinge  gold  varnish ;  in  medicine  as  a  powerful  puige.  It  should  never  be  employed  by 
confectioners  to  color  their  liquors,  as  ihey  sometimes  do. 

GANGUE.  A  word  derived  from  the  German  gang,  a  vein  or  channel.  It  signifies 
the  mineral  substance  which  either  encloses  or  usually  accompanies  any  metallic  ore  in 
the  vein.  Quartz,  lamellar  carbonate  of  lime,  sulphate  of  baryta,  sulphate  and  fluate  of 
lime,  generally  form  the  gangues  ;  but  a  great  many  other  substances  become  such  when 
they  predominate  in  a  vein.  In  metallurgic  works  the  first  thing  is  to  break  the  mixed 
ore  into  small  pieces,  in  order  to  separate  the  valuable  from  the  useless  parts,  by  pro- 
cesses called  stamping,  picking,  sorting.     See  IMetallukgy  and  Mines. 

GARNET  {Grenat,  Fr. ;  Grana/,  Germ.)  is  a  vitreous  mineral  of  the  cubic  system,  of 
which  the  predominating  foims  are  the  rhomboidal  dodecahedron  and  the  trapoezohedron ; 
specific  gravity  varying  fiom  3'35  to  4-24;  fusible  at  the  blowpipe.  Its  constituents  are, 
silica,  42;  alumina,  20-0;  lime,  34*0;  protoxyde  of  iron,  4.  Garnets  are  usually  dis- 
seminated, and  occur  in  all  the  primitive  strata  from  gneiss  to  clay  slate.  The  finer  va- 
rieties, noble  garnet  or  Almandine,  and  the  reddish  varieties  of  Grossulaire  (Essonite), 
.are  employed  in  jewellery ;  the  first  are  called  the  Syrian  or  oriental ;  the  others,  hyacinth. 
In  some  parts  of  Germany,  garnets  are  so  abundant  as  to  be  used  as  fluxes  to  some  iron 
ores;  in  others,  the  garnet  gravel  is  washed,  pounded,  and  employed  as  a  substitute  for 
emery.  The  garnets  of  Pegu  are  most  highly  valued.  Factitious  garnets  may  be  made 
by  the  following  composition  : — Purest  white  glass,  2  ounces ;  glass  of  antimony,  1  ounce ; 
powder  of  cassius,  1  grain,  manganese,  1  grain. 

GAS  (Eng.  and  Fr. ;  Gaz,  Germ.)  is  the  generic  name  of  all  those  elastic  fluids  which 
are  permanent  under  a  considerable  pressure,  and  at  the  temperature  of  zero  of  Fahren- 
heit. In  many  of  them,  however,  by  the  joint  influence  of  excessive  cold  and  pressure, 
the  repulsive  state  of  the  particles  may  be  balanced  or  subverted,  so  as  to  transform  the 
elastic  gas  into  a  liquid  or  a  solid.  For  this  most  interesting  discovery,  we  are  indebted 
to  the  fine  genius  of  Mr.  Faraday. 

The  following  table  exhibits  the  temperatures  and  pressures  at  which  certain  gases  are 
liquefied. 


Name  of  the  gas. 

Becomes  liquid 

Calculated  boiling  point ; 
Barom.  =  30  iucties. 

At 

Under  a  pressure  of 

Sulphurous  acid 
Chlorine 

59°  F. 
60 

3  atmospheres. 
4 

—  4°  Fahr. 

—  22 

Ammonia            ... 

50 

6-5 

—    64 

Sulphureted  hydrogen    - 
Carbonic  acid    .             .             - 

50 
32 

17 
36 

—  142 

—  229 

Hvdrochloric  or  muriatic  acid     - 

50 

50 

—  249 

Deutoxyde  of  azote 

45 

no 

—  254 
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Liquid  carbonic  acid  becomes  solidified,  into  a  snowy-looking  substance,  by  its  own 
rapid  evaporation.  Oxygen,  hydrogen,  and  azote,  have  hitherto  resisted  all  attempts  to 
divest  them  of  their  elastic  form.  For  this  purpose,  it  is  probable  that  a  condensing  force 
equal  to  that  of  650  atmospheres,  will  be  required. 

The  volume  of  any  gas  is,  generally  speaking,  inversely  as  the  pressure  to  which  it  is 
exposed  ;  thus,  under  a  double  pressure  its  bulk  becomes  one  half;  under  a  triple  pres- 
sure, one  third ;  and  so  on.  For  the  change  of  volume  in  gaseous  bodies  by  heat,  see 
Expansion. 

Ammonia,  carbonic  acid,  carbureted  hydrogen,  chlorine,  muriatic  acid,  sulphurous 
acid,  sulphureted  hydrogen,  are  the  gases  of  most  direct  interest  in  the  arts  and  manu- 
factures.    Their  detailed  examination  belongs  to  a  work  on  chemistry. 

GAS-LIGHT.  (Edairage  par  gas,  Fr. ;  Gaslicht,  Germ.)  Dr.  Clayton  demon- 
strated, by  numerous  experiments  in  1737  and  1738,  that  bituminous  pit-coal  subjected  to 
a  red  heat  in  close  vessels,  afforded  a  great  deal  of  an  air  similar  to  the  fire-damp  of 
mines,  but  which  burned  with  a  brighter  flame.  It  does  not  appear  that  this  species 
of  factitious  air  was  ever  produced  from  pit-coal  for  the  purpose  of  artificial  illumination 
till  1792,  when  Mr.  William  Murdoch,  engineer  to  Messrs.  Bolton  and  Watt,  employed 
coal  gas  for  lighting  his  house  and  offices,  at  Redruth  in  Cornwall.  The  gas  was  gen- 
erated in  an  iron  retort,  whence  it  was  received  in  a  gasometer,  distributed  in  differ- 
ent situations  by  pipes,  and  finally  burned  at  small  apertures  which  could  be  opened 
and  stopped  at  pleasure.  He  moreover  made  this  light  moveable,  by  confining  the  gas 
in  portable  tin-plate  vessels,  and  burning  it  wherever  he  pleased.  Between  this  period 
and  1802,  Mr.  Murdoch  continued  at  intervals  to  make  similar  experiments ;  and 
upon  occasion  of  the  national  illumination  in  the  spring  of  the  latter  year,  at  the 
peace  of  Amiens,  he  lighted  up  part  of  the  Soho  manufactory  with  a  public  display  of  gas- 
lights. 

The  earliest  application  of  this  artificial  light,  on  a  large  systematic  scale,  was  made 
at  Manchester ;  where  an  apparatus  for  lighting  the  great  cotton  mills  of  Messrs. 
Philips  and  Lee,  was  fitted  up  in  1804  and  1805,  under  the  direction  of  Mr.  Murdoch. 
A  quantity  of  light,  nearly  equal  to  3000  candles,  was  produced  and  distributed  in  this 
building.  This  splendid  pattern  hac  been  since  followed  very  generally  in  Great  Britain, 
and  more  or  less  in  many  parts  of  the  continents  of  Europe  and  America.  By  the  year 
1822,  gas-lighting  in  London  had  become  the  business  of  many  public  companies.  At 
the  Peter  street  station,  for  example,  300  retorts  had  been  erected,  supplying  15  gasome- 
ters, having  each  an  average  capacity  of  20'626  cubic  feet,  but,  being  never  quite  filled, 
their  total  contents  in  gas  might  be  estimated  at  309,385  cubic  feet.  The  extent  of  main 
pipes  of  distribution  belonging  to  this  station  was  then  about  57  miles,  with  two  separate 
mains  in  some  of  the  streets.  The  product  of  gas  was  from  10,000  to  12,000  cubic  feet 
from  a  chaldron  of  coals.  The  annual  consumption  of  coals  was  therefore  altogether  9282 
chaldrons,  affording  11,384,000  cubic  feet  of  gas,  allowing  153  retorts  to  be  in  constant 
daily  action,  upon  an  average  of  the  year;  and  illuminating  10,660  private  lamps,  2248 
street  lamps,  and  3894  theatre  lamps. 

At  the  Brick-lane  works,  371  retorts  were  fixed  in  1822,  133  being  worked  on  an  aver 
age  of  sunwner  and  winter.  There  were  12  gasometers,  charged  with  an  average  quantity 
of  gas  amounting  to  197,214  cubic  feet.  Of  coals,  8060  chaldrons  were  annually  con- 
sumed ;  96,720,000  cubic  feet  of  gas  were  generated  ;  for  the  supply  of  1978  public  lamps, 
and  7366  private  ones,  connected  with  main  pipes  40  miles  long. 

At  the  Curtain-road  gas  establishment,  there  were  240  retorts ;  but  the  greatest  number 
worked  in  1821  was  only  80,  and  the  lowest  21.  The  six  gasometers  had  an  average 
contents  of  90,467  cubic  feet.  Of  coals,  3336  chaldrons  were  annually  consumed,  yield- 
ing 40,040,000  cubic  feet  of  gas,  that  supplied  3860  private  lamps,  and  629  public  ones, 
by  means  of  mains  25  miles  long.  The  above  three  stations  belonged  to  the  London  Gas- 
Lisht  and  Coke  Company. 

The  City  of  London  Gas-Light  Company,  Dorset  street,  had  built  up  230  retorts,  and 
6  gasometers,  while  two  were  preparing;  having  a  total  capacity  of  181,282  cubic  feet. 
Of  private  lamps  5423  were  lighted,  and  2413  public  ones,  from  mains  extending  50  miles. 
The  quantity  of  coals  carbonized  amounted  to  8840  chaldrons ;  producing  106,080,000 
cubic  feet  of  gas. 

The  South  London  Gas-Light  and  Coke  Company  had  mounted  at  Bankside  143  retorts, 
with  3  gasometers;  the  contents  of  the  whole  being  41,110  cubic  feet,  connected  with 
mains  from  30  to  40  miles  long.  At  their  other  station,  in  Wellington  street,  9  large 
gasometers  were  then  erectin?,  with  a  capacity  of  73,565  cubic  feet,  which  were  to  be 
supplied  with  gas  from  Bankside,  till  retorts  were  mounted  for  them. 

The  Imperial  Gas-Light  and  Coke  Company  had  at  that  lime  6  gasometers  in  progress 
at  their  Hackney  station. 

In  1822  there  were  thus  four  great  companies,  having  in  all  47  gasometers  at  work, 
capable  of  containing  917,940  cubic  feet  of  gas,  supplied  by  1315  retorts,  which  generated 


552  GAS-LIGHT. 

per  annum  upwards  of  397,000,000  cubic  feet  of  gas,  by  which  61,203  private  lamps,  and 
7268  public  or  street  lamps,  were  lighted  ia  the  metropolis.  Besides  these  public  com- 
panies, there  were  likewise  several  private  ones. 

1.  Of  the  generation  of  illuminating  gases. — Pure  hydrogen  gas  burns  with  too  feeble 
a  flame  to  be  employed  for  illumination.  But  carbureted  hydrogen  having  the  property 
of  precipitating  its  carbon  in  the  act  of  burning,  its  solid  particles  become  incandescent, 
and  difl'use  a  vivid  light.  The  more  carbon  it  contains,  the  more  brightly  does  it  burn. 
This  gas  exists  in  two  distinct  states  of  combination.  In  the  first,  two  measures  of  hy- 
drogen gas  are  combined  with  one  measure  of  the  vapor  of  carbon,  forming  together  one 
measure  whose  specific  gravity  is  of  course  the  sum  of  the  weights  of  the  constituents, 
or  0'559 ;  atmospherical  air  being  l-OOO.  This  is  the  gas  which  is  found  in  mines,  and 
is  also  evolved  in  ditches  from  decomposing  vegetable  matter.  In  the  second,  two  meas- 
ures of  hydrogen  gas  ^re  combined  with  two  of  gaseous  carbon,  forming  also  one  volume 
or  measure  whose  weight  or  specific  gravity  is  0-985.  This  was  at  one  lime  called  the 
defiant  gas,  because  when  mixed  with  chlorine  an  oily  looking  compound  was  produced. 
It  may  be  called  as  well  oil  gas,  because  it  is  generated  in  considerable  quantities  by  the 
igneous  decomposition  of  oil.  Thus  the  olefiant  gas  contains  in  the  same  volume  double 
the  quantity  of  carbon  of  common  carbureted  hydrogen,  and  it  burns  with  a  proportion- 
ably  brighter  flame.  The  gaseous  oxyde  of  carbon,  as  well  as  sulphureted  hydrogen  gas, 
burns  with  a  feeble  blue  light,  but  the  latter  produces  in  combustion  sulphurous  acid,  an 
offensive  and  noxious  gas. 

By  dry  distillation  or  carbonization  in  close  vessels,  all  bodies  of  vegetable  and  animal 
origin  disengage  carbureted  hydrogen  gas ;  even  charcoal,  when  placed  in  ignition  in 
contact  with  steam,  by  decomposing  the  water,  produces  abundance  of  carbonic  acid, 
carbureted  hydrogen,  hydrogen,  and  carbonic  oxyde.  Afier  separating  the  carbonic  acid 
with  lime  water,  that  mixed  gas  contains  in  JOO  measures,  20  of  carbureted  hydrogen  ; 
the  rest  being  hydrogen  and  carbonic  oxyde,  so  that  the  gaseous  mixture  cannot  be  used 
for  illumination.  Tiie  best  substances  for  furnishing  a  gas  rich  in  luminiferous  materials 
are,  pitcoal,  especially  the  cannel  coal,  resin,  oil,  fats  of  all  kinds,  tar,  wax,  &c.  In  some 
cases  the  gases  evolved  during  the  igneous  decomposition  of  bones  and  other  animal  mat- 
ters for  the  production  of  ammonia,  may  be  employed  for  procuring  light,  but  they  are 
apt  to  emit  a  fetid  odor. 

When  coals  are  heated  in  a  cast-iron  retort  to  ignition,  the  progress  of  decomposition 
is  as  follows.  First,  and  before  the  retort  becomes  red  hot,  steam  issues  along  with  the 
atmospheric  air.  When  the  retort  begins  to  redden,  tar  distils  in  considerable  quantiiy 
■with  some  combustible  gas,  of  which  hydrogen  mixed  with  ammoniacal  gas  forms  a  part. 
The  evolution  of  gas  increases  as  the  retort  becomes  hotter,  with  a  continual  production 
of  tar  and  ammoniacal  liquor  as  well  as  sulphurous  acid  from  the  pyrites  of  the  coal,  which 
unites  with  the  ammonia.  When  the  retort  has  come  to  a  bright  cherry  red  heat,  the 
disengagement  of  gas  is  most  active.  By  and  by  the  gaseous  production  diminishes,  and 
eventually  ceases  entirely,  although  the  heat  be  increased.  In  the  retort  a  quantity  of 
carbonized  coal  or  coke  remains,  while  tar  is  found  at  the  bottom  of  the  receiver,  covered 
with  the  ammoniacal  liquor,  and  combined  with  carbonic  and  sulphurous  acids,  and  sul- 
phureted hydrogen. 

If,  during  this  distillation,  the  combustible  gas  be  collected  and  examined  at  the 
several  stages  of  the  process,  it  is  found  to  differ  extremely  in  its  luminiferous  powers. 
That  which  comes  ofl'  before  the  retort  has  acquired  its  proper  temperature,  gives  a 
feeble  light,  and  resembles  the  gas  obtained  by  the  ignition  of  moist  charcoal,  consisting 
chiefly  of  hydrogen.  That  evolved  when  the  retort  has  just  acquired  throughout  a  vivid 
red  heat,  is  the  best  of  all,  consisting  chiefly  of  bi-carbureted  hydrogen  or  olefiant  gas. 
From  good  coal,  it  consists,  for  example,  in  100  measures,  of  13  of  olefiant  gas,  82-5  of 
carbureted  hydrogen,  3-2  carbonic  oxyde,  1-3  azote;  the  mixture  having  a  specific  gravity 
of  0'650.  At  a  later  period,  as  after  5  hours,  it  contains  7  measures  of  olefiant  gas,  56 
of  carbureted  hydrogen,  11  of  carbonic  oxyde,  21*3  of  hydrogen,  4-7  of  azote;  the  speci- 
fic gravity  of  the  whole  being  O'oOO.  Towards  the  end  of  the  operation,  as  after  10  hours, 
it  contains  twenty  measures  of  carbureted  hydrogen,  10  of  carbonic  oxyde,  60  of  hydro- 
gen, 10  of  azote,  with  a  specific  gravity  of  only  6-345.  The  hydrogen  becomes  sulphur- 
eted hydrogen,  if  there  be  much  pyritous  matter  in  the  coal.  The  larger  proportion  of 
the  gas  is  disengaged  during  the  first  hour,  amounting  to  about  one  fifth  of  the  whole ;  in 
the  three  following  hours  the  disengagement  is  tolerably  uniform,  constituting  in  all  fifiy- 
four  hundredths ;  in  the  sixth  hour,  it  is  one  tenth ;  in  the  seventh  and  eighth  hours, 
sixteen  hundredths. 

From  these  observations  are  derived  the  rules  for  the  production  of  a  good  light  gas 
from  coals.  They  show  that  the  distillation  should  commence  with  a  retort  previously 
heated  to  a  cherry  red,  since  thereby  good  gas  is  immediately  produced,  and  a  portion 
of  the  tar  is  also  converted  into  gas,  instead  of  being  simply  distilled  over  into  the  con- 
denser pit;  that  this  heat  should  be  steadily  continued  during  the  whole  operation, 
from  5  to  8  hours ;  that  it  should  not  be  increased,  especially  towards  the  end,  for  fear 
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of  generating  carbonic  oxyde  and  hydrogen  gases,  as  well  as  of  injuring  the  retort  when 
the  cooling  agency  of  gasefication  has  become  feeble ;  and  that  the  operation  should  be 
stopped  some  time  before  gas  ceases  to  come  over,  lest  gases  with  feeble  illuminating  power 
should  impoverish  the  contents  of  the  gasometer.  Upon  the  average,  a  pound  of  good  coal 
affords  four  cubic  feet  of  gas,  or  a  chaldion=26  cwts.  London  measure,  affords  from  12,000 
to  15,000  cubic  feet,  according  to  the  form  of  the  retort,  and  the  manner  of  firing  it. 

When  oil,  fats,  rosin,  tar,  &c.  are  employed  for  the  production  of  a  light  gas,  it  is  not 
sufficient  to  introduce  these  substances  into  the  retorts,  and  to  heal  them,  as  is  done 
with  coals.  In  this  case,  the  greater  part  of  them  would  distil  over  in  the  state  of  vola- 
tile oils,  and  very  little  gas  be  generated,  only  as  much  as  corresponded  to  the  quantity 
of  fat,  &c.  in  immediate  contact  with  the  retort.  It  becomes  therefore  necessary  to 
fill  the  retorts  with  pieces  of  brick  or  coke ;  and  to  keep  them  in  ignition,  while  the 
oil,  &c.  is  slowly  introduced  into  their  interior.  The  fats  instantly  assume  the  vaporous 
state,  and  thus  coming  into  contact  upon  an  extensive  surface  with  the  ignited  bricks, 
are  decomposed  into  combustible  gases.  A  small  portion  of  carbonaceous  matter  re- 
mains in  the  retort,  while  much  olefiant  gas  is  formed,  possessing  a  superior  illumi- 
nating power  to  common  coal  gas,  and  entirely  free  from  sulphureous  impregnation. 
The  best  oil  gas  is  generated  at  a  dull  red,  a  heat  much  below  what  is  requisite  for  the 
decomposition  of  coal.  A  more  intense  heat  would  indeed  produce  a  greater  volume 
of  gas,  but  of  a  poorer  quality,  because  the  olefiant  gas  thereby  deposites  one  half  of 
its  carbon,  and  is  converted  into  common  carbureted  hydrogen.  Oil  affords  at  a  lively 
red  heat,  gases  which  contain  in  100  measures,  19  of  olefiant  gas,  32-4  of  carbureted 
hydrogen,  12-2  of  carbonic  oxyde  gas,  32-4  of  hydrogen,  and  4  of  azote  ;  the  mean  specific 
gravity  being  only  0-590.  At  a  more  moderate  temperature  it  yields  22-5  of  the 
olefiant,  50-3  carbureted  hydrogen,  15-5  carbonic  oxyde,  7*7  hydrogen,  and  4  azote, 
with  a  specific  gravity  of  0'758.  It  contains  when  generated  by  dull  ignition,  as  is 
usual  in  works  on  the  manufacturing  scale,  in  100  parts  from  38  to  40  of  olefiant  gas, 
and  besides  the  carbureted  hydrogen,  a  few  per  cent,  of  carbonic  oxyde  and  azote, 
with  a  specific  gravity  of  0*900,  and  even  upwards.  One  pound  of  oil  or  fluid  fat  affords 
15  cubic  feet  of  gas  ;  of  tar  affords  about  12  cubic  feet ;  of  rosin  or  pitch,  10  cubic  feet. 

When  the  oil  gas  is  compressed  by  a  force  of  from  15  to  20  atmospheres,  as  was  the 
practice  of  the  Portable  Gas  Company,  about  one  fifth  of  the  volume  of  the  gas  becomes 
liquefied  into  an  oily,  very  volatile  fluid,  having  the  specific  gravity  0-821.  It  is  a 
mixture  of  three  fluids  (consisting  of  carbureted  hydrogen),  of  different  degrees  of 
volatility.  The  most  volatile  of  these  boils  even  under  32°  F.  Some  of  the  vapor  of 
this  gas-oil  is  mixed  with  the  olefiant  gas  in  the  general  products  of  decomposition;  in 
consequence  of  which  they  are  sometimes  richer  in  carbon  than  even  olefiant  gas,  and 
have  a  higher  illuminating  power.  Oil  gas  contains  about  22  per  cent,  and  coal  gas 
about  3J  per  cent,  of  this  oily  vapor.  In  the  estimations  of  the  composition  of  the 
gases  given  above,  this  vapor  is  included  under  olefiant  gas.  This  vapor  combines 
readily  with  sulphuric  acid,  and  is  thus  precipitated  from  the  gaseous  mixture.  The 
amount  of  olefiant  gas  is  shown,  by  adding  to  the  gas,  contained  over  water,  one  half  of 
its  volume  of  chlorine,  which,  in  the  course  of  an  hour  or  two,  condenses  the  olefiant  gas 
into  an  oily  looking  liquid  (chloride  of  hydrocarbon.)  After  the  mixture,  the  gases 
must  be  screened  from  the  light,  otherwise  the  common  carbureted  hydrogen  would  also 
combine  with  the  chlorine,  while  water  and  carbonic  acid  would  make  their  appearance. 

The  oil  employed  for  affording  gas  is  the  crudest  and  cheapest  that  can  be  bought ;  even 
the  blubber  and  sediment  of  whale  oil  are  employed  with  advantage.  After  all,  however, 
coal  is  so  much  cheaper,  and  the  gas  produced  from  it  is  now  so  well  purified,  that  oil 
and  rosin  are  very  little  used  in  gas  apparatus. 

Apparatus  for  Coal  Gas. — Coal  gas,  as  it  issues  from  the  retort,  cannot  be  directly 
employed  for  illumination ;  for  it  contains  vapors  of  tar  and  coal  oil,  as  also  steam 
impregnated  with  the  carbonate,  sulphite,  and  hydrosulphuret  of  ammonia.  These 
vapors  would  readily  condense  in  the  pipes  through  which  the  gas  must  be  dis- 
tributed, and  would  produce  obstructions  ;  they  must  therefore  be  so  far  removed  by 
previous  cooling,  as  to  be  liable  to  occasion  no  troublesome  condensation  at  ordinary 
temperatures.  The  crude  coal  gas  contains  moreover  sulphureted  hydrogen,  whose  com- 
bustion for  light  would  exhale  an  offensive  sulphureous  odor,  that  ought  to  be  got 
rid  of  as  much  as  possible.  Carbonic  acid  and  carbonic  oxyde  gases,  generated  at  first 
from  the  decomposition  of  the  steam  by  the  ignited  coal,  enfeeble  the  illuminating  power 
of  the  gas,  and  should  be  removed.  The  disengagement  of  gas  in  the  retorts  is  never 
uniform,  but  varies  with  the  degree  of  heat  to  which  they  are  exposed;  for  which 
reason  the  gas  must  be  received  in  a  gasometer,  where  it  may  experience  uniform  pres- 
sure, and  be  discharged  uniformly  into  the  pipes  of  distribution,  in  order  to  ensure  a 
steady  discharge  of  gas,  and  uniform  intensity  of  light  in  the  burners.  A  coal  gas  appa- 
ratus ought  therefore  to  be  so  constructed  as  not  only  to  generate  the  gas  itself,  but  to  fulfil 
the  above  conditions. 
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In  fig.  482,  such  an  apparatus  is  represented,  where  the  various  parts  are  shown  con- 
nected with  each  other,  in  section. 

A  is  the  furnace  with  its  set  of  cylindrical  or  elliptical  retorts,  five  in  number.     From 
each  of  these  retorts,  a  tube  b  proceeds  perpendicularly  upwards,  and  then  by  a  curve 
482  or  saddle-tube,  it  turns   down- 

wards, where  it  enters  a  long 
horizontal  cylinder  under  b,  shut 
at  each  end  with  a  screw  cap,  and 
descends  to  beneath  its  middle, 
so  as  to  dip  about  an  inch  into 
the  water  contained  in  it.  From 
one  end  of  this  cylinder  the  tube 
d  passes  downward,  to  connect 
itself  with  a  horizontal  tube 
wliich  enters  into  the  tar  pit  or 
cistern  c,  by  means  of  the  verti 
cal  branch/.  This  branch  reach- 
es to  near  the  bottom  of  the  cy- 
lindrical vessel,  which  sits  on  the 
sole  of  the  tar  cistern.  From  the 
other  side  of  the  vertical  branch 
/,  the  main  pipe  proceeds  to  the 
condenser  d,  and  thence  by  the 
pipe  I,  into  the  purifier  e  ;  from 
which  the  gas  is  immediately 
transmitted  by  the  pipe  p  into  the 
gasometer  f. 

The  operation  proceeds  in  the 
following  way : — As  soon  as  gas 
begins  to  be  disengaged  from  the 
ignited  retort,  tar  and  ammoni- 
acal  liquor  are  deposited  in  the 
cylindrical  receiver  b,  and  fill  it 
up  till  the  superfluity  run^  over 
by  the  pipe  d,  the  level  being  con- 
stantly preserved  at  the  line 
shown  in  the  figure.  By  the  same 
tarry  liquid,  the  orifices  of  the 
several  pipes  ft,  issuing  from  the 
retorts,  are  closed  ;  whereby  the 
gas  in  the  pipe  d  has  its  com- 
munication cut  off  with  the  gas 
in  the  retorts.  Hence  if  one  of 
the  retorts  be  opened  and  emp- 
tied, it  remains  shut  off  from  the 
rest  of  the  apparatus.  This  in- 
sulation of  the  several  retorts  is 
the  function  of  the  pipe  under  b, 
and  therefore  the  recurved  tube  6 
must  be  dipped  as  far  under  the 
surface  of  the  tarry  liquid,  as  to 
be  in  equilibrio  with  the  pressure 
of  the  gas  upon  the  water  in  the 
purifier.  The  tube  b  is  closed  at 
top  with  a  screw  cap,  which  can 
be  taken  off  at  pleasure,  to  per- 
mit the  interior  to  be  cleansed. 

Both  by  the  overflow  from  the 
receiver-pipe  b,  and  by  subse- 
quent condensation  in  the  tube  d,  tar  and  ammoniacal  liquor  collect  progressively  in  the 
cistern  or  pit  under  c,  by  which  mingled  liquids  the  lower  orifice  of  the  vertical  tube/  is 
closed,  so  that  the  gas  cannot  escape  into  the  empty  space  of  this  cistern.  These  liquids 
flow  over  the  edges  of  the  inner  vessel  when  it  is  full,  and  may  from  time  to  time  be 
drawn  off  by  the  stopcock  at  the  bottom  of  the  cistern. 

Though  the  gas  has,  in  its  progress  hitherto,  deposited  a  good  deal  of  its  tarry  and 
ammoniacal  vapors,  yet,  in  consequence  of  its  high  temperature,  it  still  retains  a  con- 
Biderable  portion  of  them,  which  must  be  immediately  abstracted,  otherwise  the  tar 
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would  pollute  the  lime  in  the  vessel  e,  and  interfere  with  its  purification.  On  this  ac- 
count the  gas  should,  at  this  period  of  the  process,  be  cooled  as  much  as  possible,  in  order 
to  condense  these  vapors,  and  to  favor  the  action  of  the  lime  in  the  purifier  e,  upon  the 
sulphureted  hydrogen,  which  is  more  energetic  the  lower  the  temperature  of  the  gas. 
The  coal  gas  passes,  therefore,  from  the  tube  /  into  the  tube  h  of  the  condenser  d,  which 
is  placed  in  an  iron  chest  g  filled  with  water,  and  it  deposites  more  tar  and  ammoniacal 
liquor  in  the  under  part  of  the  cistern  at  t,  t.  When  these  liquids  have  risen  to  a  certain 
level,  they  overflow  into  the  tar-pit,  as  shown  in  the  figure,  to  be  drawn  oflf  by  the  stop- 
cock as  occasion  may  require. 

The  refrigerated  gas  is  now  conducted  into  the  purifier  e,  which  is  filled  with  milk  of 
lime,  made  by  mixing  one  part  of  slaked  lime  with  25  parts  of  water.  The  gas,  as  it 
enters  by  the  pipe  I,  depresses  the  water  in  the  wide  cylinder  m,  thence  passes  under  the 
perforated  disc  in  the  under  part  of  that  cylinder,  and  rising  up  through  innumerable 
small  holes  is  distributed  throughout  the  lime  liquid  in  the  vessel  m.  By  contact  with 
the  lime  on  this  extended  surface,  the  gas  is  stripped  of  its  sulphureted  hydrogen  and 
carbonic  acid,  which  are  condensed  into  the  hydro-sulphuret  and  carbonate  of  lime ;  it  now 
enters  the  gasometer  f  in  a  purified  state,  through  the  pipe  p  t,  and  occupies  the  space  q. 
The  gasometer,  pressing  with  a  small  unbalanced  force  over  the  counterweight  s,  expels 
it  through  the  main  u  u,  in  communication  with  the  pipes  of  distribution  through  the 
buildings  or  streets  to  be  illuminated. 

The  parts  abode  and  f,  of  which  this  apparatus  consists,  are  essential  constituents 
of  every  good  coal-gas  work.  Their  construction  rests  upon  peculiar  principles,  is  sus- 
ceptible of  certain  modifications,  and  therefore  deserves  to  be  considered  in  detail. 

The  Retorts.  —  These  are  generally  made  of  cast  iron,  though  they  have  occasionally 
been  made  of  baked  clay,  like  common  earthenware  retorts.  The  original  form  was  a 
cylinder,  which  was  changed  to  an  ellipse,  with  the  long  axis  in  a  horizontal  direction, 
then  into  the  shape  of  the  letter  d  with  the  straight  line  iindermost,  and  lastly  into  a 
semi-cylinder,  with  its  horizontal  diameter  22  inches,  and  its  vertical  varying  from  9  to 
12.  The  kidney  form  was  at  one  time  preferred,  but  it  has  been  little  used  of  late. 
The  form  of  retort  represented  in  Jig.  483  has  been  found  to  yield  the  largest  quantity 

of  good  gas  in  the  shortest  time,  and  with 
the  least  quantity  of  firing.  The  length  is 
71,  and  the  transverse  area,  from  one  foot 
to  a  foot  and  a  half  square.  The  arrows 
show  the  direction  of  the  flame  and  draught 
in  this  excellent  bench  of  retorts,  as 
mounted  by  Messrs.  Barlow. 

The  charge  of  coals  is  most  conveniently 
introduced  in  a  tray  of  sheet  iron,  made 
somewhat  like  a  grocer's  scoop,  adapted  to 
the  size  of  the  retort,  which  is  pushed  home 
to  its  further  end,  inverted  so  as  to  turn 
out  the  contents,  and  then  immediately 
withdrawn. 

The  duration  of  the  process,  or  the  time 
of  completing  a  distillation,  depends  upon 
the  nature  of  the  coal  and  the  form  of  the 
retort.  With  cylindrical  retorts  it  cannot 
be  finished  in  less  than  6  hours,  but  with 
elliptical  and  semi-cylindrical  retorts,  it  may 
be  completed  in  4  or  5  hours.  If  the  dis- 
tillation be  continued  in  the  former  for  8 
hours,  and  in  the  latter  for  6,  gas  will  continue  to  be  obtained,  but  during  the  latter  period 
of  the  operation,  of  inditterent  quality. 

Tfie  Receiver.  —  If  the  furnace  contains  only  2  or  3  retorts,  a  simple  cylindrical  vessel 
standing  on  the  ground  half  filled  with  water,  may  serve  as  a  receiver;  into  which  the 
tube  fiom  the  retort  may  be  plunged.  It  should  be  provided  with  an  overflow  pipe  for  the 
tar  and  ammoniacal  liquor.  For  a  range  of  several  retorts,  a  long  horizontal  cylinder  is 
preferable,  like  that  represented  at  b  in  fig.  484.  Its  diameter  is  from  10  to  15  inches. 
This  cylinder  may  be  so  constructed  as  to  separate  the  tar  from  the  ammoniacal  liquor, 
by  means  of  a  syphon  attached  to  one  of  its  ends. 

Tfie  Condenser. —  The  condenser,  represented  in  fig.  482,  consists  of  a  square  chest  g, 
made  of  wrought  iron  plates  open  at  top,  but  having  its  bottom  pierced  with  a  row  of 
holes,  to  receive  a  series  of  tubes.  To  these  holes  the  upright  four-inch  tubes  h  h  are 
secured  by  flanges  and  screws,  and  they  are  connected  in  pairs  at  top  by  the  curved  or 
saddle  tubes.  The  said  bottom  forms  the  cover  of  the  chest  t,  t,  which  is  divided  by  ver- 
tical iron  partitions,  into  half  as  many  compartments  as  there  are  tubes. 
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These  partition  plates  are  left  open  at  bottom,  so  as  to  place  the  liquids  of  each  com- 
partment in  communication.  Thereby  the  gas  passes  up  and  down  the  series  of  tubes, 
in  proceeding  from  one  compartment  to  another.     The  condensed  liquids  descend  into  the 

box  t,  t,  and  flow  over  into  the  tar 
cistern,  when  they  rise  above  the  level 
t,  t.  The  tar  may  be  drawn  off  from 
time  to  time  by  the  stopcock.  Through 
the  tube  k,  cold  water  flows  into  the 
condenser  chest,  and  the  warm  water 
passes  away  by  a  pipe  at  its  upper 
edge. 

The  extent  of  surface  which  the  gas 
requires  for  its  refrigeration  before  it 
is  admitted  into  the  washing-lime  ap- 
paratus, depends  upon  the  tempera- 
ture of  the  milk  of  lime,  and  the 
quantity  of  gas  generated  in  a  certain 
time. 

It  may  be  assumed  as  a  determination 
sufficiently  exact,  that  10  square  feet 
of  surface  of  the  condenser  can  cool 
a  cubic  foot  of  gas  per  minute  to  the 
temperature  of  the  cooling  water. 
For  example,  suppose  a  furnace  or 
arch  with  5  retorts  of  150  pounds  of 
coal  each,  to  produce  in  5  hours  3000 
cubic  feet  of  gas,  or  10  cubic  feet  per  minute,  there  would  be  required,  for  the  cooling 
surface  of  the  condenser,  100  square  feet  =  10  X  10.  Suppose  100,000  cubic  feet  of 
gas  to  be  produced  in  24  hours,  for  which  8  or  9  such  arches  must  be  employed,  the  con- 
densing surface  must  contain  from  800  to  900  square  feet. 

The  Purifier. — The  apparatus  represented  in  the  preceding  figure  is  composed  of  a 
cylindrical  iron  vessel,  with  an  air-tight  cover  screwed  upon  it,  through  which  the  cylinder 
n  is  also  fixed  air-tight.  The  bottom  of  this  cylinder  spreads  out  like  the  biim  of  a  hat, 
forming  a  horizontal  circular  partition,  which  is  pierced  with  holes.  Through  a  stuffing 
box,  in  the  cover  of  this  interior  cylinder,  the  vertical  axis  of  the  agitator  passes,  which 
is  turned  by  wheel  and  pinion  work,  in  order  to  stir  up  the  lime  from  the  bottom  of  the 
•water  in  the  purifier.  The  vessel  o  serves  for  introducing  fresh  milk  of  lime,  as  also  for 
letting  it  oil'  by  a  stopcock  when  it  has  become  too  foul  for  further  use. 

The  quantity  of  lime  should  be  proportioned  to  the  quantity  of  sulphureted  hydrogen 
and  carbonic  acid  contained  in  the  gas.  Supposing  that  in  good  coal  gas  there  is  5  per 
cent,  of  these  gases,  about  one  pound  and  a  half  of  lime  will  be  requisite  for  every  hun- 
dred cubic  feet  of  coal  gas  generated,  which  amounts  to  nearly  one  sixteenth  of  the 
weight  of  coal  subjected  to  decomposition.  This  quantity  of  lime  mixed  with  the  proper 
quantity  of  water  will  form  about  a  cubic  foot  of  milk  of  lime.  Consequently,  the 
capacity  of  the  purifier,  that  is,  of  the  interior  space  filled  with  liquid,  may  be  taken  at 
four  sevenths  of  a  cubic  foot  for  every  hundred  cubic  feet  of  gas  passing  through  it  in 
one  operation;  or  for  175  cubic  feet  of  gas,  one  cubic  foot  of  liquor.  After  every 
operation,  that  is,  after  every  five  or  six  hours,  the  purifier  must  be  filled  afresh.  Sup- 
pose that  in  the  course  of  one  operation  20,000  cubic  feet  of  gas  pass  through  the 

20,000 
machine,  this  should  be  able  to  contain-  .~r     =114  cubic  feet  of  milk  of  lime  ;  whence 

its  diameter  should  be  seven  feet,  and  the  height  of  the  liquid  three  feet.     If  the  capacity 
of  the  vessel  be  less,  the  lime  milk  must  be  more  frequently  changed. 

In  some  of  the  large  gas  works  of  London  the  purifier  has  the  following  construction, 
whereby  an  uninterrupted  influx  and  efflux  of  milk  of  lime  takes  place.  Three  single 
purifiers  are  so  connected  together,  that  the  second  vessel  stands  higher  than  the  first, 
and  the  third  than  the  second;  so  that  the  discharge  tube  of  the  superior  vessel,  placed 
somewhat  below  its  cover,  enters  into  the  upper  part  of  the  next  lower  vessel;  conse- 
quently, should  the  milk  of  lime  in  the  third  and  uppermost  vessel  rise  above  its  ordi- 
nary level,  it  will  flow  over  into  the  second,  and  thence  in  the  same  way  into  the  first ; 
from  which  it  is  let  off"  by  the  eduction  pipe.  A  tube  introduces  the  gas  from  the  con- 
denser into  the  first  vessel,  another  tube  does  the  same  thing  for  the  second  vessel,  &c., 
and  the  tube  of  the  third  vessel  conducts  the  gas  into  the  gasometer.  Into  the  third 
vessel,  milk  of  lime  is  constantly  made  to  flow  from  a  cistern  upon  a  higher  level. 
By  this  arrangement,  the  gas  passing  through  the  several  vessels  in  proportion  as  it 
is  purified,  comes  progressively  into  contact  with  purer  milk  of  lime,  whereby  its  purifi- 
cation becomes  more  complete.      The  agitator  c,  provided  with  two  stirring  paddles,  is 
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kept  in  continual  rotation.    The  pressure  which  the  gas  has  here  to  overcome  is  naturally 
three  times  as  great  as  with  a  single  purifier  of  like  depth. 

Fig.  485  is  a  simple  form  of  purifier,  which  has  been  found  to  answer  well  in  practice. 
Through  the  cover  of  the  vessel  a  b,  the  wide  cylinder  e  d  is  inserted,  having  its  lower 
end  pierced  with  numerous  holes.  Concentric  with  that  cylinder  is  tlie  narrower  one  s  z, 
bound  above  with  the  flange  a  b,  but  open  at  top  and  bottom.  The  under  edge  g  h  o( 
this  cylinder  descends  a  few  inches  below  the  end  cd  of  the  outer  one.  About  the  middle 
of  the  vessel  the  perforated  shelf  m  n  is  placed.  The  shaft  of  the  agitator  I,  passes 
through  a  stuffing  box  upon  the  top  of  the  vessel.  The  gas-pipe  g,  proceeding  from  the 
condenser,  enters  through  the  flange  a  6  in  the  outer  cylinder,  while  the  gas-pipe  h  goes 
from  the  cover  to  the  gasometer.  A  stopcock  upon  the  side,  whose  orifice  of  discharge  is 
somewhat  higher  than  the  under  edge  of  the  outer  cylinder,  serves  to  draw  off  the  milk 
of  lime.  As  the  gas  enters  through  the  pipe  g  into  the  space  between  the  two  cylinders, 
it  displaces  the  liquor  till  it  arrives  at  the  holes  in  the  under  edge  of  the  outer  cylinder, 
through  which,  as  well  as  under  the  edge,  it  flows,  and  then  passes  up  through  the  aper- 
tures of  the  shelf  m  n  into  the  milk  of  lime  chamber ;  the  level  of  which  is  shown  by 
the  dotted  line.  The  stirrer,  /,  should  be  turned  by  wheel  work,  though  it  is  here  shown 
as  put  in  motion  by  a  winch  handle. 

In  order  to  judge  of  the  degree  of  purity  of  the  gas  aftei  its  transmission  through  the 
lime  machine,  a  slender  syphon  tube  provided  with  a  stopcock  may  have  the  one  end 
inserted  in  its  cover,  and  the  other  dipped  into  a  vessel  containing  a  solution  of  acetate 
of  lead.  Whenever  the  solution  has  been  rendered  turbid  by  the  precipitation  of  sulphu- 
ret  of  lead,  it  should  be  renewed.  The  saturated  and  fetid  milk  of  lime  is  evaporated 
in  oblong  cast-iron  troughs  placed  in  the  ash-pit  of  the  furnaces,  and  the  dried  lime 
is  partly  employed  for  luting  the  apparatus,  and  partly  disposed  of  for  a  mortar  or 
manure. 

By  this  purifier,  and  others  of  similar  construction,  the  gas  in  the  preceding  parts  of 
the  apparatus,  as  in  the  retorts  and  the  condenser,  suffiers  a  pressure  equal  to  a  column 
of  water  about  two  feet  high  ;  and  in  the  last  described  purifier  even  a  greater  pressure. 
This  pressure  is  not  disadvantageous,  but  is  of  use  in  two  respects;  1.  it  shows  by  a 
brisk  jet  of  gas  when  the  apparatus  is  not  air-tight,  and  it  prevents  common  air  from 
entering  into  the  retorts ;  2.  this  compression  of  the  gas  favors  the  condensation  of  the 
tar  and  ammoniacal  liquor.  The  eflfect  of  such  a  degree  of  pressure  in  expanding  the 
metal  of  the  ignited  retorts  is  quite  inconsiderable,  and  may  be  neglected.  Two  contri- 
vances have,  however,  been  proposed  for  taking  off  this  pressure  in  the  purifier. 

In  fig.  486,  m  m  are  two  similar  vessels  of  a  round  or  rectangular  form,  furnished  at 
their  upper  border  with  a  groove  filled  with  water,  into  which  the  under  edge  of  the 
cover  fits,  so  as  to  make  the  vessel  air-tight.  The  cover  is  suspended  by  a  cord  or  chain, 
which  goes  over  a  pulley,  and  may  be  raised  or  lowered  at  pleasure.  The  vessels  them- 
selves have  perforated  bottoms,  r  r',  covered  with  wetted  moss  or  hay  sprinkled  over  with 
slaked  and  sifted  quicklime.  The  gas  passes  through  the  loosely  compacted  matter  of 
the  first  vessel,  by  entering  between  its  two  bottoms,  rises  into  the  upper  space  t,  thence 
it  proceeds  to  the  second  vessel,  and,  lastly,  through  the  pipe  u,  into  the  gasometer. 

487  This  method,  however,  requires 
twice  as  much  lime  as  the  former, 
without  increasing  the  purity  of 
the  gas. 

The  second  method  consists  in 
compressing  the  gas  by  the  ac- 
tion of  an  Archimedes  screw,  to 
such  a  degree,  before  it  is  admit- 
ted into  the  purifier,  as  that  it 
may  overcome  the  pressure  of 
the  column  of  water  in  that 
vessel.  Fig.  487  exhibits  this 
apparatus  in  section,  d  d  is  the 
Archimedes  worm,  the  axis  of 
which  revolves  at  bottom  upon 
the  gudgeon  e;  it  possesses  a 
three-fold  spiral,  and  is  turned 
in  the  opposite  direction  to  that 
in  which  it  scoops  the  water. 
The  cistern  which  contains  it  has 
an  air-tight  cover.  The  gas  to 
be  purified  passes  through  the 
pipe  c  into  the  space  d,  over  the 
water  level  d;  the  upper   cells  of  the  worm  scoop   in   the   gas  at   this  point,  and 
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carry  it  downwards,  where  it  enters  at  g  into  the  cavity  e  of  a  second  cistern.  In  order 
that  the  gas,  after  it  escapes  from  the  bottom  of  the  worm,  may  not  partially  return 
through  g  into  the  cavity  d,  an  annular  plate  g  h  is  attached  to  iis  under  edge,  so  as  to 
turn  over  it.  The  compressed  gas  is  conducted  from  the  cavity  e  through  the  pipe  G 
into  the  purifying  machine ;  a  is  a  manometer,  to  indicate  the  elastic  tension  of  the  gas 
in  D.  On  the  top  of  the  worm  a  mechanism  is  fitted  for  keeping  it  in  constant 
rotation. 

A  perfect  purification  of  light-gas  from  sulphureted  hydrogen,  either  by  milk  of  lime 
or  a  solution  of  the  green  sulphate  of  iron,  is  attended  with  some  difficulty,  when  carried 
so  far  as  to  cause  no  precipitation  of  sulphuret  in  acetate  of  lead,  because  such  a  degree 
of  washing  is  required  as  is  apt  to  diminish  its  illuminating  power,  by  abstracting  the 
vapor  of  the  rich  oily  hydrocarburet  which  it  contains.  Moreover,  the  coal  gas  obtained 
towards  the  end  of  the  distillation  contains  some  sulphuret  of  carbon,  which  affords  sul- 
phurous acid  on  being  burned,  and  can  be  removed  by  no  easy  method  hitherto  known. 
The  lime  in  the  purifier  disengages  from  the  carbonate  and  hydro-sulphuret  of  ammonia 
carried  over  with  the  gas,  especially  when  it  has  been  imperfectly  cooled  in  the  condenser, 
a  portion  of  ammoniacal  gas,  which,  however,  is  not  injurious  to  its  illuminating  power. 
The  best  agent  for  purifying  gas  would  be  the  pyrolignite  of  lead,  were  it  not  rather  ex 
pensive,  because  it  would  save  the  trouble  of  stirring,  and  require  a  smaller  and  simpler 
apparatus. 

The  Gasometer. — The  gasometer  serves  not  merely  as  a  magazine  for  receiving  the 
gas  when  it  is  purified,  and  keeping  it  in  store  for  use,  but  also  for  communicating  to 
the  gas  in  the  act  of  burning  such  a  uniform  pressure  as  may  secure  a  steady  unflick- 
ering  flame.  It  consists  of  two  essential  parts  ;  1.  of  an  under  cistern,  open  at  top  and 
filled  with  water ;  and  2.  of  the  upper  floating  cylinder  or  chest,  which  is  a  similar 
cistern  inverted,  and  of  somewhat  smaller  dimensions,  called  the  gas-holder;  see  r. 
Jig.  482.  The  best  form  of  this  vessel  is  the  round  or  cylindrical ;  both  because  under 
equal  capacity  it  requires  least  surface  of  metal,  and  it  is  least  liable  to  be  warped  by  its 
own  weight  or  accidents.  Since  a  cylindrical  body  has  the  greatest  capacity  with  a 
given  surface  when  its  height  is  equal  to  its  semi-diameter,  its  dimensions  ought  to  be 
such  that  when  elevated  to  the  hiahest  point  in  the  water,  the  height  may  be  equal  to 
the  radius  of  the  base.  For  example,  let  the  capacity  of  the  gas-holder  in  cubic 
feet    be  k,  the  semi-diameter  of  its  base  be  x,  the  height   out  of  the  water  be  h; 

h  is  =x  ~  y  ^  ^  This  height  may  be  increased  by  one  or  two  feet,  according  to  its 

314* 
magnitude,  to  prevent  the  chance  of  any  gas  escaping  beneath  its  under  edge,  when  it  is 
raised  to  its  highest  elevation  in  the  water. 

The  size  of  the  Kasomeler  should  be  proportional  to  the  quantity  of  gas  to  be  con- 
sumed in  a  certain  time.  If  120,000  cubic  feet  be  required,  for  instance,  in  10  hoars 
for  street  illumination,  and  if  the  gas  retorts  be  charged  four  times  in  24  hours,  30,000 
feet  of  gas  will  be  generated  in  6  hours.  Hence  the  gasometer  should  have  a  cai)acity 
of  at  least  70,000  cubic  feet,  supposing  the  remaining  50,000  cubic  feet  to  be  produced 
during  the  period  of  consumption.  If  the  gasometer  has  a  smaller  capacity,  it  must  be 
supplied  from  a  greater  number  of  retorts  during  the  lighting  period,  which  is  not 
advantageous,  as  the  first  heating  of  the  supernumerary  retorts  is  wasteful  of  fuel. 
Some  engineers  consider  that  a  capacity  of  30,000  cubic  feet  is  the  largest  which  can 
with  propriety  be  given  to  a  gasometer ;  in  which  case  they  make  its  diameter  42  feet, 
and  its  height  23.  When  the  dimensions  are  greater,  the  sheet  iron  must  be  thicker 
and  more  expensive ;  and  the  hollow  cylinder  must  be  fortified  by  strong  internal  cross 
braces. 

The  water  cistern  is  usually  constructed  in  this  country  with  cast-iron  plates  bolted  to- 
gether, and  made  tight  with  rust-cement. 

In  cases  where  the  weight  of  water  required  to  fill  such  a  cistern  might  be  inconvenient 
to  sustain,  it  may  be  made  in  the  form  represented  in  fig.  488 ;  which,  however,  will  cost 
nearly  twice  as  much.  Parallel  with  the  side  of  the  cistern,  a  second  cylinder  c,  of  the 
same  shape,  but  somewhat  smaller,  is  fixed  in  an  inverted  position  to  the  bottom  of  the 
first,  so  as  to  leave  an  annular  space  b  b  between  them,  which  is  filled  with  water,  and 
in  which  the  floating  gasometer  a  plays  up  and  down.  The  water  must  stand  above  the 
cover  of  the  inverted  cylinder.  a  and  b  are  the  pipes  for  leading  the  gas  in  and  out. 
Through  an  opening  in  the  masonry  upon  which  the  gasometer  apparatus  rests,  the 
space  c  may  be  entered,  in  order  to  make  any  requisite  repairs. 

The  water  cistern  may  also  be  sunk  in  the  ground,  and  the  sides  made  tight  with 
hydraulic  mortar,  as  is  shown  in  fig.  488,  and  to  make  it  answer  with  less  water,  a  con- 
centric cylindrical  mass  of  masonry  may  be  built  at  a  distance  of  2  or  3  inches  within  it. 

Every  large  gasometer  must  be  strengthened  interiorly  with  cross  iron  rods,  to  stiffen 
both  its  top  and  bottom.    The  top  is  supported  by  rods  stretching  obliquely  down  to 
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the  sides,  and  to  the  under  ed?e  an  iron  ring  is  attached,  consisting  of  curved  cast  iron 
bars  bolted  together  ;  with  which  the  oblique  rods  are  connected  by  perpendicular  ones. 
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Other  vertical  rods  stretch  directly  from  the  top  to  the  bottom  edge.  Upon  the  periphery 
of  the  top,  at  the  end  of  the  rods,  several  rings  are  made  fast,  to  which  the  gas-holder 
is  suspended,  by  means  of  a  common  chain  which  runs  over  a  pulley  at  the  centre. 
Upon  the  other  end  of  the  chain  tliere  is  a  counterpoise,  which  takes  oil'  the  greater  part 
of  the  weight  of  the  gas-holder,  leaving  only  so  much  as  is  requisite  for  the  expulsion  of 
the  gas.  The  inner  and  outer  surfaces  of  the  gas-holder  should  be  a  few  times  rubbed 
over  with  hot  tar,  at  a  few  days'  interval  between  each  application.  The  pulley  must  be 
made  fast  to  a  strong  frame. 

If  the  water  cistern  be  formed  with  masonry,  the  suspension  of  the  gas-holder  may  be 
made  in  the  following  way.  a  a,  fig.  489,  is  a  hollow  cylinder  of  cast  iron,  standing  up 
through  the  middle  of  the  gasometer,  and  which  is  provided  at  either  end  with  another 
small  hollow  cylinder  g,  open  at  both  ends  and  passing  through  the  top,  with  its  axis 
placed  in  the  axis  of  the  gas-holder.  In  the  hollow  cylinder  g,  the  counterweight  moves 
up  and  down,  with  its  chain  passing  over  the  three  pulleys  b,  b,  b,  as  shown  in  fig.  489. 
E  F  are  the  gas  pipes  made  fast  to  a  vertical  iron  rod.  Should  the  gasometer  be  made  to 
work  without  a  counterweight,  as  we  shall  presently  see,  the  central  cylinder  a  a,  serves 
as  a  vertical  guide. 

In  proportion  as  the  gas-holder  sinks  in  the  water  of  the  cistern,  it  loses  so  much  of 
its  weight,  as  is  equal  to  the  weight  of  the  water  displaced  by  the  sides  of  the  sinking 
vessel;  so  that  the  gas-holder  when  entirely  immersed,  exercises  the  least  pressure  upon 
the  gas,  and  when  entirely  out  of  the  water,  it  exercises  the  greatest  pressure.  In  order 
to  counteract  this  inequality  of  pressure,  which  would  occasion  an  unequal  velocity  in 
the  efflux  of  the  gas,  and  of  course  an  unequal  intensity  of  light  in  its  flame,  the  weight  of 
the  chain  upon  which  the  gas-holder  hangs  is  so  adjusted  as  to  be  equal,  throughout  the 
length  of  its  motion,  to  one  half  of  the  weight  which  the  gas  holder  loses  by  immersion. 
In  this  case,  the  weight  which  it  loses  by  sinking  into  the  water,  is  replaced  by  the  por- 
tion of  the  chain  which,  passing  the  pulley,  and  hanging  over,  balances  so  much  of  the 
chain  upon  the  side  of  the  counterweight ;  and  the  weight  which  it  gains  by  rising  out 
of  the  water,  is  counterpoised  by  the  links  of  the  chain  which,  passing  over  the  pulley, 
add  to  the  amount  of  the  counterweight.  The  pressure  which  the  gas-holder  exercises 
upon  the  gas,  or  that  with  which  it  forces  it  through  the  first  mam  pipe,  is  usually  so  reg- 
ulated as  to  sustain  R  column  of  from  one  to  two  inches  of  water;  so  that  the  water  will 
stand  in  the  cistern  Jrom  one  to  two  inches  higher  within,  than  without  the  gas-holder. 
The  following  commrtation  will  place  these  particulars  in  a  clear  light. 

Let  the  semi-di«fmeter  of  the  gas-holder,  equal  to  the  vertical  extent  of  its  motion  into 
and  out  of  the  water,  =z  x;  let  the  weight  of  a  foot  square  of  the  side  of  the  gas-holder, 
including  that  of  the  strengthening  bars  and  ring,  which  remain  plunged  under  the  water, 
be=/>;  then 
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1.  the  weight  of  the  gas-holder  in  its  highest  position  =  2  Ptt  xs; 

2.  the  weight  of  the  sides  of  the  gas-holder  which  play  in  the  water  —  2pv  xi; 

3.  the  cubic  contents  of  the  immersed  portion  of  the  gas-holder  =  ^i'JLf*' 

4.  Its  loss  of  weight  m  water  —  —  „     ^, . 

5.  the  weight  of  the  gas-holder  in  its  lowest  position  = 


'""('-4ll)=^-«^'-'> 
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6.  the  weight  of  n  inches,  height  of  water  =  rr  „  ^  ^.j . 

56  w  \ 

7.  the  amount  of  the  counterweight  =  v  xi)  3  p —  )  > 

112  ^^     ' 

8.  the  weight  of  the  chain  for  the  length  x  =  — 

°  800;>:ra:. 

If  we  reduce  the  weight  of  the  gas-holder  in  its  highest  and  lowest  positions  to  the 
height  of  a  stratum  of  water  equal  to  the  surface  of  its  top,  this  height  is  that  of  the 
column  of  water  which  would  press  the  gas  within  the  gasometer,  were  no  counterweight 
employed  ;  it  consists  as  follows  : — 

3  p 

9.  for  the  highest  position  =  —=—  i 

56 
2-72  p 

10.  for  the  lowest  — ; 

50 
For  the  case,  when  the  height  of  the  gas-holder  is  different  from  its  semi-diameter, 
let  this  height  —mx;  then  the  height  of  the  water  level  is — 

/  1+2  m  \ 

11.  for  the  highest  position  =  p  ! — rg — I  ; 

.      ,      ,  /l  +  l-72m\ 

12.  for  the  lowest  =  pi — !— g )  ; 

13.  the  counterweight  —nx2(p(l-\-2m)—  _!!.J  ; 
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14.  the  weight  of  the  equalizing  chain=  —  p  n  m  xi. 

^  800 

For  example,  let  the  diameter  of  the  gas-holder  be  30  feet,  the  height  15  (the  contents 
in  cubic  feet  will  be  10,597),  p  =4  pounds;  then  the  counterwe(ght  for  a  height  of  an 
inch  and  a  half  of  water  pressure  =  3532  pounds ;  the  weight  of  the  chain  for  a  length  of 
15  feet  =  395  pounds.  Were  no  counterweight  employed,  so  that  the  gas-holder  pressed 
with  its  whole  weight  upon  the  gas,  then  the  height  of  the  equivalent  column  of  water 
in  its  highest  position  =  2-56  inches;  and  in  its  lowest,  2-33.  The  counterweight  may 
hence  be  lessened  at  pleasure,  if  the  height  of  the  pressing  water-column  n  be  increased. 
The  weight  of  the  equalizing  or  compensating  portion  of  the  chain  remains  the  same. 
When  n  =  2  inches,  for  instance,  the  counterweight  =  1886  pounds. 

The  velocity  with  which  the  gas  passes  along  the  mains  for  supplying  the  various  jets 
of  light,  may  be  further  regulated  by  opening  the  main-cock  or  slide-valve  in  a  greater 
or  less  degree.  Gasometers  whose  height  is  greater  than  their  semi-diameter,  are  not  only 
more  cosily  in  the  construction,  but  require  heavier  counterweights  and  equilibration  chains. 

The  above  estimate  is  made  on  the  supposition  of  the  gas  in  the  gas-holder  being  of  the 
same  specLfie  gravity  as  the  atmospherical  air,  which  would  be  nearly  true  with  regard  to 
oil  gas  under  the  ordinary  pressure.  But  coal  gas,  whose  specific  gravity  may  be  taken 
on  an  average  at  about  0-5,  exercises  a  buoyancy  upon  the  top  of  the  gas-holder,  which 
of  course  diminishes  its  absolute  weight.  Supposing  the  cubic  foot  of  gas  to  be  =  0-0364 
pounds,  the  buoyancy  will  be  =  0-0364  v  x3  pounds ;  a  quantity  which  deserves '  to  be 
taken  into  account  for  large  gasometers.     Hence, 

15.  the  weight  of  the  gas-holder  in  its  highest  position  =  3  p  ir  x2 — 0-1143  x3; 

16.  the  counterweight  =  t  a;2  (3;)—  —j— 0-1143  xz- 

112  „  0-1143  13 

17.  the  weight  of  the  chain  for  the  length  x^~—pv  xi — ; 

oUU  2 

18.  The  height  of  the  water  pressure  for  the  highest  position,  without  the  counter- 

weight  =3-i!JLlI^211^; 

56  TT  2-72  p  . 

19.  the  same  for  the  lowest  position  =  —rs —  ^^  '^^' 
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The  preceding  values  of  p  and  x  are, 

(16)  =  3147;  (17)  =  203  ;  (18)  =  2-44  inches;  (19)  =  2-33  inches. 
The  water  columns  in  the  highest  and  lowest  situations  of  the  gas-holder  here  differ 
about  01  of  an  inch,  and  ihis  difference  becomes  still  less  when  p  has  a  smaller  value, 
for  example,  3  pounds,  or  when  the  diameter  of  the  gas-holder  is  still  greater. 

It  would  thus  appear  that  for  coal-gas  gasometers,  in  which  the  height  of  the  gas-holder 
does  not  exceed  its  semi-diameter,  and  especially  when  it  has  a  considerable  size,  neither 
a  compensation  chain  nor  a  counterweight  is  necessary.  The  only  thing  requisite,  is  to 
preserve  the  vertical  motion  of  the  gas-holder  by  a  sufficient  number  of  guide  rods  or 
pillars,  placed  either  within  the  water  cistern,  or  round  about  it.  Should  the  pressure 
of  the  a:as  in  the  pipe  proceeding  from  the  gasometer,  be  less  than  in  the  gasometer  itself, 
this  may  be  regulated  by  the  main  valve,  or  by  water  valves  of  various  kinds.  Or  a  small 
intermediate  regulating  gasometer  may  be  introduced  between  the  great  gas-holder,  and 
the  main  pipe  of  distribulion.  With  a  diameter  of  61  feet  in  the  gas-holder,  the  pressure 
in  the  highest  and  lowest  positions  is  the  same. 

The  gasometers  employed  in  storing  up  gas  until  required  for  use,  occupy,  upon  the 
old  plan,  much  space,  and  are  attended  with  considerable  expense  in  erecting.  The 
water  tank,  whether  sunk  in  the  ground  or  raised,  must  be  of  equal  dimensions  with 
the  gasometer,  both  in  breadth  and  depth.  The  improved  construction  which  we  are 
about  to  describe,  affords  a  means  of  reducing  the  depth  of  the  tank,  dispensing  v/ith  the 
bridge  of  suspension,  and  of  increasing  at  pleasure  the  capacity  of  the  gasometer,  upon  a 
■  given  base ;  thus  rendering  a  small  apparatus  capable,  if  required,  of  holding  a  large 
quantity  of  gas,  the  first  cost  of  which  will  be  considerably  less  than  even  a  small  gas- 
ometer constructed  upon  the  ordinary  plan. 

Mr.  Tait,  of  Mile-End  Road,  the  inventor,  has,  we  believe,  been  for  some  years 
connected  with  gas  establishments,  and  is  therefore  fully  aware  of  the  practical  defects 

or  advantages  of  the  different  consti-uctions  of 
gasometers  now  in  use.  Fig.  490  is  a  section 
of  Mr.  Tail's  improved  contrivance ;  a  a  is  the 
tank,  occupied  with  water,  h  b  two  iron  col- 
umns, with  pulley-wheels  on  the  top,  c  c, 
chains  attached  to  a  ring  of  iron,  d  d,  extend- 
ing round  the  gasometer,  which  chains  pass 
over  the  pulley-wheels,  and  are  loaded  at  their 
extremities,  for  the  purpose  of  balancing  the 
weight  of  the  materials  of  which  the  gasometer 
is  composed. 

The  gasometer  is  formed  by  2  or  3  cylinders, 
sliding  one  within  the  other,  like  the  tubes 
of  a  telescope ;  e,  e,  c,  is  the  first  or  outer  cyl- 
inder, closed  at  the  top,  and  having  the  ring 
of  iron  ci,  passing  round  it,  by  which  the  whole 
is  suspended  ;  //,  is  the  second  cylinder,  sliding 
freely  within  the  first,  and  there  may  be  a  third 
and  fourth  within  these  if  necessary. 
When  there  is  no  gas  in  the  apparatus,  all  the  cylinders  are  slidden  down,  and  remain 
one  within  the  other  immersed  in  the  tank  of  water ;  but  when  the  gas  rises  through  the 
water  pressing  against  the  top  of  the  gasometer,  its  buoyancy  causes  the  cylinder  e  to  as- 
cend. Round  the  lower  edge  of  this  cylinder  a  groove  is  formed  by  the  turning  in  of  the 
plate  of  iron,  and  as  it  rises,  the  edge  takes  hold  of  the  lop  rim  of  the  cylinder/,  which  is 
overlapped  for  that  purpose.  The  groove  at  the  bottom  of  the  cylinder  fills  itself  with 
water  as  it  ascends,  and  by  the  rim  of  the  second  cylinder  falling  into  it,  an  air-tight  hy- 
draulic joint  is  produced. 

Thus,  several  cylinders  may  be  adapted  to  act  in  a  small  tank  of  water,  by  sliding  one 
within  the  other,  with  lapped  edges  forming  hydraulic  joints,  and  by  supporting  the  ap- 
paratus in  the  way  shown,  the  centre  of  gravity  will  always  be  below  the  points  of  sus- 
pension. A  gasometer  may  be  made  upon  this  plan  of  any  diameter,  as  there  will  be  no 
need  of  frame-work,  or  a  bridge  to  support  it ;  and  the  increasing  weight  of  the  appara- 
tus, as  the  cylinders  are  raised  one  after  the  other,  may  be  counterpoised  by  loading  the 
ends  of  the  chains  c  c. 

The  water  in  the  gasometer  need  not  be  renewed ;  but  merely  so  much  of  it  as 
evaporates  or  leaks  out,  is  to  be  replaced.  Indeed,  the  surface  of  the  water  in  the  cistern 
gets  covered  with  a  stratum  of  coal  oil,  a  few  inches  deep,  which  prevents  its  evaporation, 
and  allows  the  gas  to  be  saturated  with  this  volatile  substance,  so  as  to  increase  its  illu- 
minating powers. 

The  gasometer  may  be  separated  from  the  purifier  by  an  intermediate  vessel,  such 
as  is  represented  fig.  491,  with  which  the  two  gas  pipes  are  connected.    A  is  the 
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cylindrical  vessel  of  cast  iron  a,  the  end  of  the  gas  pipe  which  comes  from  the  purifier, 

immersed  a  few  inches  deep  into  the  liquid  with 
which  the  vessel  is  about  two  thirds  filled ;  h  is 
the  gas-pipe  which  leads  into  the  gasometer ; 
c  is  a  perpendicular  tube,  placed  over  ihe  bottom 
of  the  vessel,  and  reaching  to  within  one  third  of 
the  top,  through  which  the  liquid  is  introduced 
491  into  the  vessel,  and  through  which  it  escapes  when 
it  overflows  the  level  d.  In  this  tube  the  liquid 
stands  towards  the  inner  level  higher,  in  propor- 
tion to  the  pressure  of  the  gas  in  the  gasometer. 
'  The  fluid  which  is  condei;sed  in  the  gas-pipe  6,  and 
in  its  prolongation  from  the  gasometer,  runs  off 
into  the  vessel  a  ;  and  therefore  the  latter  must  be 
laid  so  low  that  the  said  tube  may  have  the  requisite 
declivity.  A  straight  stopcock  may  also  be  attached 
to  the  side  over  the  bottom,  to  draw  off  any  sediment. 

II.  Application  of  Light-Gas. 

1.  Distribulion  of  ihe  pipes. — The  pressure  by  which  the  motion  of  the  gas  is  main- 
tained in  the  pipes,  corresponds  to  a  certain  height  of  water  in  the  cistern  of  the  gasom- 
eter. From  the  magnitude  of  this  pressure,  and  the  quantity  of  gas  which  in  a  given 
time,  as  an  hour,  must  be  transmitted  through  a  certain  length  of  pipes,  depends  the 
width  or  the  diameter  that  they  should  have,  in  order  that  the  motion  may  not  be  retarded 
by  the  friction  which  the  gas,  like  all  other  fluids,  experiences  in  tubes,  and  thereby  the 
gas  might  be  prevented  fiom  issuing  with  the  velocity  required  for  the  jets  of  flame. 
The  velocity  of  the  gas  in  the  main  pipe  increases  in  the  ratio  of  the  square  root  of  the 
pressing  column  of  water  upon  the  gasometer,  and  therefore  by  increasing  this  pressure, 
the  gas  may  be  forced  more  rapidly  along  the  remoter  and  smaller  ramifications  of  the 
pipes.  Thus  it  happens,  however,  that  the  gas  will  be  discharged  from  the  orifices  near 
the  gasometer,  with  superfluous  velocity.  It  is  therefore  advisable  to  lay  the  pipes  in 
such  a  manner,  that  in  every  point  of  their  length  the  velocity  of  discharge  may  be  nearly 
equal.     This  may  be  nearly  effected  as  follows  : — 

From  experiment  it  appears  that  the  magnitude  of  the  friction,  or  the  resistance  which 
the  air  sull'ers  in  moving  along  the  pipes,  under  a  like  primary  pressure,  that  is,  for  equal 
initial  velocity,  varies  with  the  square  root  of  the  length.  The  volume  of  gas  discharged 
from  the  end  of  a  pipe  is  directly  proportional  to  the  square  of  its  diameter,  and  in- 
versely as  the  square  root  of  its  length  ;  or,  calling  the  length  l,  the  diameter  d,  the  cubic 

Da 
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Experience  likewise  shows,  that 


for  a  pipe  250  feet  long,  which  transmits  in  an  hour  200  cubic  feet  of  gas,  one  inch  is 
a  sufficient  diameter. 

1  D2 

Consequently,  200  :  fc  ;; :  ~^  ;    and  D=  v  k  V~f' 

144  V  250      vl- 

455,000 
From  this  formula  the  following  table  of  proportions  is  calculated. 


Number  of  cubic  feet  per  hour. 

Length  of  pipe,  in  feet. 

Diameter,  in  inches. 

50 

100 

0-40 

250 

200 

1-00 

500 

600 

1-97 

TOO 

1000 

2-65 

1000 

1000 

3-16 

1500 

1000 

3-87 

2000 

1000 

4-47 

2000 

2000 

5-32 

2000 

4000 

6-33 

2000 

6000 

7-00 

6000 

1000 

7-75 

6000 

2000 

9-21 

8000 

1000 

8-95 

8000 

2000 

16-65 

These  dimensions  are  applicable  to  the  case  where  the  body  of  gas  is  transmitted  through 
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pipes  without  being  let  off  in  its  way  by  burners,  that  is,  to  the  mains  which  conduct  the 
gas  to  the  places  where  it  is  to  be  used.  If  the  main  sends  off  branches  for  burners, 
then  for  the  same  length  the  diameter  may  be  reduced,  or  for  like  diameter  the  length 
may  be  greater.  For  example,  if  a  pipe  of  5'32  inches,  which  transmits  2000  cubic  feet 
through  a  length  of  2000  feet,  gives  off,  in  this  space,  1000  cubic  feet  of  gas;  then  the 
remainder  of  the  pipe,  having  the  same  diameter,  can  continue  to  transmit  the  gas  through 

a  length  of  2450  feet  =  {  — - —  )  2  with  undiminished  pressure  for  the  purposes  of  light- 
ing. Inversely,  the  diameter  should  be  progressively  reduced  in  proportion  to  the  number 
of  jets  sent  off  in  the  length  of  the  pipe. 

Suppose,  for  instance,  the  gasometer  to  discharge  2000  cubic  feet  per  hour,  and  the  last 
point  of  the  jets  to  be  at  a  distance  of  4000  feet.  Suppose  also  that  from  the  gasometer 
to  the  first  point  of  lighlins,  the  gas  proceeds  through  1000  feet  of  close  pipe,  the 
diameter  of  the  pipe  will  be  here  4*47  inches;  in  the  second  1000  feet  of  length,  sup- 
pose the  pipe  to  give  off,  at  equal  distances,  1000  cubic  feet  of  sas,  the  diameter  in 
this  length  Ccalculated  at  1500  cubic  feet  for  1000  feet  long)  =  3-87  inches;  in  the 
third  extent  of  1000  feet,  600  cubic  feet  of  gas  will  be  given  off,  and  the  diameter 
(reckoning  700  cubic  feet  for  1000  feet  long)  will  be  2'65  inches  ;  in  the  fourth  and 
last  space  (for  200  cubic  feet  in  1000  feet  long)  the  pipe  has  a  diameter  of  only  an 
inch  and  a  half,  for  which,  in  practice,  a  two-inch  cast  iron  pipe  is  substituted ;  this 
being  the  smallest  used  in  mains,  into  which  branch  pipes  can  be  conveniently  in- 
serted. 

The  same  relations  hold  with  regard  to  branch  pipes  through  which  the  gas  is  trans- 
mitted into  buildings  and  other  places  to  be  illuminated.  If  such  pipes  make  frequent 
angular  turnings,  whereby  they  retard  the  motion  of  the  gas,  they  must  be  a  third  or  a 
half  larger  in  diameter.  The  smallest  tubes  of  distribution  are  never  less  than  one 
fourth  of  an  inch  in  the  bore. 

Where,  from  one  central  gas  work,  a  very  great  quantity  of  light  is  required  in  partic- 
ular localities,  there  ought  to  be  placed  near  these  spots  gasometers  of  distributinn,  which, 
being  filled  during  the  slack  hours  of  the  day,  are  ready  to  supply  the  burners  at  night, 
without  makin?  any  considerable  demand  upon  the  original  main  pipe.  Suppose  the  first 
main  be  required  to  supply  8000  cubic  feet  in  the  hour,  for  an  illumination  of  8  hours,  at 
the  distance  of  2000  feet,  a  pipe  lOf  inches  in  diameter  would  be  necessary  ;  but  if  two 
or  three  gasometers  of  distribution,  or  station  gasometers,  be  had  recourse  to,  into  which 
the  gas  during  the  cour«e  of  24  hours  would  flow  through  the  same  distance  continuously 
from  the  central  gas  works,  the  quantity  required  per  hour  from  them  would  be  only  one 
third  of  8,000  —  2666"6  cubic  feet ;  consequently  the  diameter  for  such  a  pipe  is  only  6-15 
inches. 

All  the  principal  as  well  as  branch  pipes,  whose  interior  diameter  exceeds  an  inch  and 
a  half,  are  made  of  cast  iron  from  6  to  8  feet  long,  with  elbow  pipes  cast  in  them  where 
It  is  necessary.  These  pipe  lengths  are  shown  in  fig.  492,  having  at  one  end  a  wide 
socket  a,  and  at  the  other  a  nozzle  6,  which  fits  the  former.  After  inserting  the  one  in 
the  other  in  their  proper  horizontal  position,  a  coil  of  hemp  soaked  with  tar  is  driven 
home  at  the  junction  ;  then  a  luting  of  clay  is  applied  at  the  mouth,  within  which  a  ring 
of  lead  is  cast  into  the  socket,  which  is  driven  tight  home  with  a  mallet  and  blunt  chisel. 

493 


The  pipes  should  be  proved  by  a  force  pump  before  being  received  into  the  gas  works; 
two  or  three  lengths  of  them  should  be  joined  before  laying  them  down,  and  they  should 
be  placed  at  least  two  feet  below  the  surface,  to  prevent  their  being  affected  by  changes 
of  temperature,  which  would  loosen  the  joints.  The  lubes  for  internal  distribution,  when 
of  small  size,  are  made  of  lead,  copper,  wrought  iron,  or  tin. 
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Instead  of  a  Stopcock  for  letting  off  the  gas  in  regulated  quantities  from  the  gas- 
ometer, a  peculiarly  formed  water  or  mercurial  valve  is  usually  employed.  Fig,  493 
shows  the  mode  of  construction  for  a  water  trap  or  lute,  and  is,  in  fact,  merely  a  gas- 
ometer in  miniature,  c  d  z  f  is  a  square  cast  iron  vessel,  in  the  one  side  of  which  a  pipe 
A  is  placed  in  communication  with  the  gasometer,  and  m  the  other,  one  with  the  main  n. 
The  moveable  cover  or  lid  h  g  i  k  has  a  partition,  i,  w,  in  its  middle.  If  this  cover  be 
raised  by  its  counterweight,  the  gas  can  pass  without  impediment  from  a  to  b  ;  but  if  the 
counterweight  be  diminished  so  as  to  let  the  partition  plate  l  m  sink  into  the  water,  the 
communication  of  the  two  pipes  is  thereby  interrupted.  In  this  case  the  water-level 
stands  in  the  compartment  a  so  much  lower  than  outside  of  it,  and  in  the  compartment 
B,  as  is  equivalent  to  the  pressure  in  the  gasometer ;  therefore  the  pipes  a  and  b  must 
project  thus  far  above  the  water.  In  order  to  keep  the  water  always  at  the  same  height, 
and  to  prevent  it  from  flowing  into  the  mouths  of  these  pipes,  the  rim  c  d  of  the  outer 
vessel  stands  somewhat  lower  than  the  orifices  A  b  ;  and  thence  the  vessel  may  be  kept 
always  full  of  water. 
If  a  quicksilver  valve  be  preferred,  it  may  be  constructed  as  shown  in  Jig.  494.   a  b  are 

the  terminations  of  the  two  gas  pipes, 
which  are  made  fast  in  the  rectangular 
iron  vessel  m.  e  is  an  iron  vessel  of  the 
same  form,  which  is  filled  with  quicksilver 
up  to  the  level  a,  and  which,  by  means  of 
the  screw  g,  which  presses  against  its 
bottom,  and  works  in  the  fixed  female  screw 
c  c,  may  be  moved  up  or  down,  so  that  the 
vessel  M  may  be  immersed  more  or  less  into 
the  quicksilver.  The  vessel  m  is  furnished 
with  a  vertical  partition  m ;  the  passage  of 
the  gas  from  a  to  b  is  therefore  obstructed 
when  this  partition  dips  into  the  quick- 
silver, and  from  the  gradual  depression  of 
the  vessel  e  by  its  screw,  the  interval  be- 
tween the  quicksilver  and  the  lower  edge 
of  the  partition,  through  which  the  gas 
must  enter,  may  be  enlarged  at  pleasure, 
whereby  the  pressure  of  the  gas  in  b  may 
be  regulated  to  any  degree.  The  trans- 
verse section  of  that  interval  is  equal  to 
the  area  of  the  pipe  or  rather  greater ;  the 
breadth  of  the  vessel  m  from  a  to  B 
amounts  to  the  double  of  thai  space,  and 
its  length  to  the  mere  diameter  of  a  or  b. 
The  greatest  height  to  which  the  partition 
m  can  rise  out  of  the  quicksilver,  is  also 
equal  to  the  above  diameter,  and  in  this 
case  the  line  a  comes  to  the  place  of  b. 
The  vertical  movement  of  the  outer  vessel 
E,  is  secured  by  a  rectangular  rim  or  hoop 
which  surrounds  it,  and  is  made  fast  to  the 
upper  part  of  the  vessel  m,  within  which 
guide  it  moves  up  and  down.  Instead  of 
the  lever  d  d,  an  index  with  a  graduated 
plate  may  be  employed  to  turn  the  screw, 
and  to  indicate  exactly  the  magnitude  in 
the  opening  of  the  valve. 

In  order  to  measure  the  quantity  of  gas 
which  passes  through  a  pipe  for  lighting  a 
factory,  theatre,  &c.,  the  gas-meter  is  em- 
ployed, of  whose  construction  a  sufficiently 
precise  idea  may  be  formed  from  the  con- 
sideration oi  fig.  495,  which  shows  the  in- 
strument in  a  section  perpendicular  to  its 
axis. 

Within  the  cylindrical  case  a,  there  is 
a  shorter  cylinder  h  b,  shut  at  both  ends, 
and  moveable  round  an  axis,  which  is 
divided  into  four  compartments,  that  communicate  by  the  opening  d,  with  the 
interval    between    this   cvlinder  and    the  outer   case        The    mode    in  which    this 
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cylinder  turns  round  its  axis  is  as  follows  : — The  end  of  the  tube  c,  which  is  made  fast  to 
the  side  of  the  case,  and  by  which  the  gas  enters,  carries  a  pivot  or  gudgeon,  upon  which 
the  centre  of  its  prop  turns  ;  the  other  end  of  the  axis  runs  in  the  cover,  which  here  forms 
the  side  of  a  superior  open  vessel,  in  wliich,  upon  the  same  axis,  there  is  a  toothed  wheel. 
The  vessel  is  so  far  filled  with  water,  that  the  tube  c  just  rises  above  it,  which  position 
is  secured  by  the  level  of  the  side  vessel.  When  the  gas  enters  through  the  tube  c,  by 
its  pressure  upon  the  partition  e  (fig.  495),  it  turns  the  cylinder  from  right  to  left  upon 
its  axis,  till  the  exterior  opening  d  rises  above  the  water,  and  the  gas  expands  itself  in 
the  exterior  space,  whence  it  passes  off  through  a  tube  at  top.  At  every  revolution,  a 
certain  volume  of  gas  thus  goes  through  the  cylinder,  proportional  to  its  known  capa- 
city. The  wheel  on  the  axis  works  in  other  toothed  wheels,  whence,  by  means  of  an 
index  upon  a  graduated  disc  or  dial,  placed  at  the  top  or  in  front  of  the  gas-meter, 
the  number  of  cubic  feet  of  gas,  which  pass  through  this  apparatus  in  a  given  time,  is 
registered. 

B.  Employment  of  the  gas  for  lighting. — The  illuminating  power  of  different  gases 
burned  in  the  same  circumstances,  is  proportional,  generally  speaking,  to  their  specific 
gravity,  as  this  is  to  the  quantity  of  carbon  they  hold  in  combination.  The  following 
table  exhibits  the  different  qualities  of  gases  in  respect  to  illumination. 


'\ 

Density  or  specific  gravity. 
1 

Proportion  of  light  afforded  by  coal 
gas  to  oil  gas. 

Coal  gas. 

Oil  gas. 

0-659 

0-818 

100  :  140 

0-578 

0-910 

100  :  225 

0-605 

1-110 

100  :  250 

0-407 

0-940 

100  :  354 

0-429 

0-965 

100  :  356 

0-508 

M75 

100  :  310 

Mean  0.529 

0-96 

100  :  272 

f 

In  the  last  three  proportions,  the  coal  gas  was  produced  from  coals  of  middle  quality ; 
in  the  first  three  propoi-tions,  from  coals  of  good  quality ;  and  therefore  the  middle  pro- 
portion of  100  to  270  may  be  taken  to  represent  the  fair  average  upon  the  great  scale. 
On  comparing  the  gas  from  bad  coals,  with  good  oil  gas,  the  proportion  may  become 
100  to  300.  Nay,  coal  gas  of  specific  gravity  0-4,  compared  to  oil  gas  of  1-1,  gives  the 
proportion  of  1  to  4.  A  mould  tallow  candle,  of  6  in  the  pound,  burning  for  an  hour, 
is  equivalent  to  half  a  cubic  foot  of  ordinary  coal  gas,  and  to  four  tenths  of  a  foot  of 
good  gas.  The  flame  of  the  best  argand  lamp  of  Carcel,  in  which  a  steady  supply  of  oil 
is  maintained  by  pump-work,  consuming  42  grammes  =  649  grains  English  in  an  hour, 
and  equal  in  light  to  9-38  such  candles,  is  equivalent  to  3-75  cubic  feet  of  coal  gas  per 
hour.  The  sinumbra  lamp,  which  consumes  50  grammes  =  772  grains  English,  ofoil 
per  hour,  and  gives  the  light  of  8  of  the  above  candles,  is  equivalent  to  the  light  emitted 
by  3-2  cubic  feet  of  coal  gas  burning  for  an  hour.  A  common  argand  lamp,  equal  to  4 
candles,  which  consumes  30  grammes  =  463  grains  English  per  hour,  is  represented  by 
1-6  cubic  feet  of  gas  burning  during  the  same  time.  A  common  lamp,  with  a  flat  wick 
and  glass  chimney,  whose  light  is  equal  to  1-13  tallow  candles,  and  which  consumes  11 
grammes  =  169-8  grains  English  per  hour,  is  represented  by  0*452  of  a  cubic  foot  of 
gas  burning  for  the  same  time. 

Construction  of  the  Burners. — The  mode  of  burning  the  gas  as  it  issues  from  the  jets 
has  a  great  influence  upon  the  quantity  and  quality  of  its  light.  When  carbureted 
hydrogen  gas  is  transmitted  through  ignited  porcelain  tubes,  it  is  partially  decomposed 
with  a  precipitation  of  some  of  its  carbon,  while  the  resulting  gas  burns  with  a  feebler 
flame.  Coal  gas,  when  kindled  at  a  small  orifice  in  a  tube,  undergoes  a  like  decompo- 
sition and  precipitation.  Its  hydrogen,  with  a  little  of  its  carbon,  burns  whenever  it 
comes  into  contact  with  the  atmospherical  air,  with  a  bluish  colored  flame;  but  the 
carbonaceous  part  not  being  so  accendible,  takes  fire  only  when  mixed  with  more  air ; 
therefore  at  a  greater  distance  from  the  beak,  and  with  a  white  light  from  the  vivid 
ignition  of  its  solid  particles.  Upon  this  principle  pure  hydrogen  gas  may  be  made  to 
burn  with  a  white  instead  of  its  usual  blue  flame,  by  dusting  into  it  particles  of  lamp 
black,  or  by  kindling  it  at  the  extremity  of  a  tube  containing  finely  pulverized  zinc. 
The  metallic  particles-  become  ignited,  and  impart  their  bright  light  to  the  pale  blue 
flame.  Even  platinum  wire  and  asbestos,  wlien  placed  in  the  flame  of  hydrogen  gas, 
serve  to  whiten  it.  Hence  it  has  been  concluded,  that  the  intensity  of  light  which  a 
gas  is  capable  of  aflfording  is  proportional  to  the  quantity  of  solid  particles  which  it 
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contains,  and  can  precipitate  in  the  act  of  burnins:.  Carbonic  oxyde  gas  burns  with  the 
feeblest  light  next  to  hydrogen,  because  it  deposites  no  carbon  in  the  act  of  burning 
Phosphnreted  hydrogen  gives  a  brilliant  light,  because  the  phosphoric  acid,  into  which 
its  base  is  converted  during  the  combustion,  is  a  solid  substance,  capable  of  being 
ignited  in  the  flame,  defiant  gas,  as  also  the  vapor  of  hydro-carbon  oil,  emits  a 
more  vivid  light  than  common  coal  gas;  for  the  first  is  composed  of  two  measures  of 
hydrogen  and  two  measures  of  the  vapor  of  carbon  condensed  into  one  volume  ;  while 
the  last  contains  only  one  measure  of  the  vapor  of  carbon  in  the  same  bulk,  and 
combined  with  the  same  proportion  of  hydrogen,  defiant  gas  may  therefore  be  ex- 
pected to  evolve  a  double  quantity  of  carbon  in  its  flame,  which  should  emit  a  double 
light. 

The  illuminating  power  of  the  flame  of  coal  gas  is,  on  the  contrary',  impaired,  when, 
by  admixture  with  other  species  of  gas  which  precipitate  no  carbon,  its  own  ignited  par- 
ticles are  difl^used  over  a  greater  surface.  This  happens  when  it  is  mixed  with  hydrogen, 
carbonic  oxyde,  carbonic  acid,  and  nitrogen  gases,  and  the  diminution  of  the  light  is  pro- 
portional to  the  dilution  of  the  coal  gas. 

In  like  manner  the  illuminating  power  of  coal  gas  is  impaired,  when  it  is  consumed 
too  rapidly  to  allow  lime  for  the  separation  and  ignition  of  its  carbonaceous  matter;  it 
burns,  in  this  case,  without  decomposition,  and  with  a  feeble  blue  flame.  1.  This 
occurs  when  the  light-gas  is  previously  mixed  with  atmospherical  air,  because  the 
combustion  is  thereby  accelerated  throughout  the  interior  of  the  flame,  so  as  to  prevent 
the  due  separation  of  carbon.  A  large  admixture  of  atmospherical  air  makes  the  flame 
entirely  blue.  2.  When  it  issues,  with  considerable  velocity,  from  a  minute  orifice, 
whereby  the  gas,  by  expansion,  gets  intimately  mixed  with  a  large  proportion  of  atmos- 
pherical air.  If  the  jet  be  vertical,  the  bottom  part  of  the  flame  is  blue,  and  the  more 
so  the  less  carbon  is  contained  in  the  sas.  The  same  thing  may  be  observed  in  the  flame 
of  tallow,  wax,  or  oil  lights.  The  burning  wick  acts  the  part  of  a  retort,  in  decom- 
posing the  fatty  matter.  From  the  lower  part  of  the  wick  the  gases  and  vapors  of  the 
fat  issue  with  the  greatest  velocity,  and  are  most  freely  mixed  with  the  air;  while  the 
gases  disengaeed  from  the  upper  part  of  the  wick  compose  the  interior  of  the  flame,  and 
being  momentarily  protected  from  the  action  of  the  atmosphere,  acquire  the  proper  high 
temperature  for  the  deposition  of  carbon,  which  is  then  diffused  on  the  outen'  surface  in 
an  ignited  state,  and  causes  its  cliaracteristic  white  lisht.  Hence  with  coal  gas,  the  light 
increases  in  a  certain  ratio  with  the  size  of  the  flame  as  it  issues  from  a  larger  orifice, 
because  the  inlei mixture  of  air  becomes  proportionately  less.  3.  If  by  any  means  too 
great  a  draught  be  given  to  the  flame,  its  light  becomes  feebler  by  the  rapidity  and  com- 
pleteness with  which  the  gas  is  burned,  as  when  too  tall  a  chimney  is  placed  over  an 
argand  burner,  see  Jig.  496.  Fig.  497,  c,  is  a  view  of  the  upper  plate,  upon  which  the 
glass  chimney  h  rests.  The  gas  issues  through  the  smaller  openings  of  the  inner  ring, 
and  forms  a  hollow  cylindrical  flame,  upon  the  outside  as  well  as  the  inside  of  which  the 
atmospherical  air  acts.  The  illuminating  power  of  this  flame  may  be  diminished  at 
pleasure,  according  as  more  or  less  air  is  allowed  to  enter  through  the  orifices  beneath. 
With  a  very  full  draught  the  light  almost  vanishes-,  leaving  only  a  dull  blue  flame  of 
great  healing  power,  like  that  of  the  blowpipe,  corresponding  to  the  perfect  combustion 
of  the  gas  without  precipitation  of  its  carbon.  4.  On  the  other  hand,  too  small  a  draught 
of  air  is  equally  prejudicial;  not  merely  because  a  portion  of  the  carbon  thus  escapes 
unconsumed  in  smoke,  but  also  because  the  highest  illuminating  power  of  the  flame  is 
obtained  only  when  the  precipitated  charcoal  is  heated  to  whiteness;  a  circumstance 
which  requires  a  considerable  draught  of  air.  Hence  the  flame  of  dense  oil  gas,  or  of 
oil  in  a  wick,  burns  with  a  yellow  light  without  a  chimney ;  but  when  it  is  increased  in 
intensity  by  a  chimney  draught,  it  burns  with  a  brilliant  white  flame. 

From  the  consideration  of  the  preceding  facts,  it  is  possible  to  give  to  coal  gas  its 
highest  illuminating  power.  The  burners  are  either  simple  beaks  perforated  with  a 
small  round  hole,  or  circles  with  a  series  of  holes  to  form  an  argnnd  flame,  as  shown  in 
fig.  497,  or  two  holes  drilled  obliquely,  to  make  the  flame  cross,  like  a  swallow's  tail,  or 
with  a  slit  constituting  the  sheet  of  flame  called  a  bat's  wing,  like  most  of  the  lamps  in 
the  streets  of  London.  These  burners  are  mounted  with  a  stopcock  for  regulating  the 
quantity  of  gas. 

The  height  of  the  flame,  which  with  like  pressure  depends  upon  the  size  of  the  orifice, 
and  with  like  orifice  upon  the  amount  of  pressure,  the  latter  being  modified  by  the  stop- 
cock, is,  for  simple  jets  in  the  open  air,  as  follows  : — 

Length  of  the  flame 
Intensity  of  the  light 
Volume  of  gas  consumed    - 
Light  with  equal  consumption 

When  the  length  exceeds  five  inches,  nothing  is  gained  in  respect  to  light.     For  o3 
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gas  the  same  statements  will  serve,  only  on  account  of  its  superior  richness  in  carbon,  it 
does  not  bear  so  long  a  flame  without  smoke.     Thus: 
Length  of  the  flame  -  1  2  3 

Intensity  of  the  light  -        22        63-7  96-5 

Gas  consumed  -        -    33-1         78-5  90 

Light  with  equal  consumption  100  122  159 

The  diameter  of  the  orifice  for  single  jets,  or  for  several  jets  from  the  same  beak,  is 
one  twenty-eighth  of  an  inch  for  coal  gas,  and  one  forty-fifth  for  oil  gas. 

AVhen  several  jets  issue  from  the  same  burner,  the  light  is  improved  by  making  all  the 
flames  unite  into  one.  In  this  case  the  heat  becomes  greater,  for  the  combined  flame 
presents  a  smaller  surface  to  be  cooled,  than  the  sum  of  the  smaller  flames.  The  advan- 
tage gained  in  this  way  may  be  in  the  ratio  of  3  to  2,  or  50  per  cent.  In  an  argand 
burner  the  distances  of  the  orifices  for  coal  gas  should  be  from  J-—  to  J-^—  of  an  inch, 
and  for  oil  gas  y'^.  If  the  argand  ring  has  10  orifices,  the  diameter  of  the  central  open- 
ing should  be  =  4  of  an  inch;  if  25  orifices,  it  should  be  one  inch  for  coal  gas;  but 
for  oil  gas  with  10  orifices,  the  central  opening  should  have  a  diameter  of  half  an  inch, 
and  for  20  orifices,  one  inch.  The  pin  holes  should  be  of  equal  size,  otherwise  the  larger 
ones  will  cause  smoke,  as  in  an  argand  flame  with  an  uneven  wick.  The  glass  chimney 
is  not  necessary  to  promote  the  combustion  of  an  argand  coal  gas  flame,  but  only  to  pre- 
vent it  from  flickering  with  the  wind,  and  therefore  it  should  be  made  so  wide  as  to 
exercise  little  or  no  influence  upon  the  draught.  A  narrow  chimney  is  necessary  merely 
to  prevent  smoke,  when  a  very  strong  light  with  a  profusion  of  gas  is  desired.  Oil  gas 
burned  in  an  argand  beak  requires  a  draught  chimney,  like  a  common  argand  lamp,  on 
account  of  the  large  quantity  of  carbon  to  be  consumed.  The  most  suitable  mode  of 
regulating  the  degree  of  draught  can  be  determined  only  by  experiment,  and  the  best 
construction  hitherto  ascertained  is  that  represented  in  fig.  498.     Fig.  499  exhibits  the 

view  from  above,  of  the  rim  or  ring  c,  upon  which 
the  chimney  6  stands,  and  which  surrounds  the  per- 
forated beak.  The  ring  is  made  of  open  fretwork, 
to  permit  the  free  passage  of  air  upwards  to  strike 
the  outside  of  the  flame.  The  thin  annular  dsic  d, 
498  which  is  laid  over  its  fellow  disc  c,  in  the  bottom 
of  the  chimney-holder,  beiiis  turned  a  little  one  way 
or  other,  will  allow  more  or  less  air  to  pass  through 
for  promoting,  more  or  less,  the  draught  or  ven- 
tilation. The  draught  in  the  central  tube  of  the 
burner  may  be  regulated  by  the  small  disc  c,  whose 
diam.eter  is  somewhat  smaller  than  that  of  the  ring 
of  the  burner,  and  which,  by  turning  the  milled 
head/,  of  the  screw,  may  be  adjusted  with  the  greatest  nicety,  so  as  to  admit  a  greater 
or  smaller  body  of  air  into  the  centre  of  the  cylindrical  flame. 

In  mounting  gas-lights,  and  in  estimating  beforehand  their  illuminating  effects,  we 
must  keep  in  mind  the  optical  proposition,  that  the  quantity  of  light  is  inversely  as  the 
square  of  the  distance  from  the  luminous  body,  and  we  must  distribute  the  burners 
accordingly.  When,  for  example,  a  gas-light  placed  at  a  distance  of  ten  feet,  is  required 
for  reading  or  writing  to  afford  the  same  light  as  a  candle  placed  at  a  distance  of  two 
feet;  squaring  each  distance,  we  have  100-4;  therefore  l^fi.  =  25,  shows  us  that  25 
such  lights  will  be  necessary  at  the  distance  of  10  feet. 

Concerning  portable  gas-light,  with  the  means  of  condensing  it,  and  carrying  it  from 
the  gas  works  to  the  places  where  it  is  to  be  consumed,  we  need  say  nothing,  as  by  the 
improvements  lately  made  in  the  purification  and  distribution  of  coal  gas,  the  former 
system  has  been  superseded. 

It  is  well  known  that  light  gas  deteriorates  .very  considerably  by  keeping,  especially 
when  exposed  to  water  over  an  extensive  surface ;  but  even  to  a  certain  degree  over  oil, 
or  in  close  vessels.  An  oil  gas  which  when  newly  prepared  has  the  specific  gravity  of 
1*054,  will  give  the  light  of  a  candle  for  an  hour,  by  consuming  200  cubic  inches ;  will, 
after  two  days,  give  the  same  light  by  consuming  215  cubic  inches  per  hour  ;  and  after 
four  days,  by  consuming  240  cubic  inches  in  the  like  time.  With  coal  gas  the  deteriora- 
tion appears  to  be  more  rapid.  When  newly  prepared,  if  it  affords  the  light  of  a  candle 
with  a  consumption  of  400  cubic  inches  per  hour,  it  will  not  give  the  same  light  after 
being  kept  two  days,  except  with  a  consumption  of  430  inches ;  and  after  four  days,  of 
460.  Oil  gas  three  weeks  old  has  become  so  much  impaired  in  quality  that  600  inches 
of  it  were  required  per  hour  to  furnish  the  light  of  a  candle.  All  light  gas  should  be 
used  therefore  as  soon  as  possible  after  it  is  properly  purified. 

Economical  considerations. — The  cost  of  gas-light  depends  upon  so  many  local  cir 
cumstances,  that  no  estimate  of  it  can  be  made  of  general  application  ;  only  a  few 
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leading  points  may  be  stated.  The  coals  required  for  heating  the  retorts  used  to  constitute 
one  half  of  the  quantity  required  for  charging  the  retorts  themselves.  When  five  retorts 
are  heated  by  one  fire,  the  expenditure  for  fuel'is  only  one  third  of  that  when  each  retort 
has  a  fire.  The  coke  which  remains  in  the  retorts  constitutes  about  60  per  cent,  of  the 
weight  of  the  original  coal;  but  the  volume  is  increased  by  the  coking  in  the  proportion 
of  100  to  75.  When  the  coke  is  used  for  heating  the  retorts,  about  one  half  of  the  whole 
is  required.  If  we  estimate  the  coke  by  its  comparative  heating  power,  it  represents  65 
per  cent,  of  the  coals  consumed.  One  hundred  pounds  of  good  coal  yield  in  distillation 
10  pounds  of  ammoniacal  liquor,  from  which  sulphate  or  muriate  of  ammonia  may  be 
made,  by  saturation  with  sulphuric  or  muriatic  acid,  and  evaporation.  The  liquor  con- 
tains likewise  some  cyanide  of  ammonia,  which  may  be  converted  into  Prussian  blue  by 
the  addition  of  sulphate  of  iron,  after  saturation  wiih  muriatic  acid. 

Two  hundred  pounds  of  coal  aflford  about  17  pounds  of  tar.  This  contains  in  100 
pounds  26  pounds  of  coal  oil,  and  48  pounds  of  pitch.  The  tar  is  sometimes  employed  as 
a  paint  to  preserve  wood  and  walls  from  the  influence  of  moisture,  but  its  disagreeable 
smell  limits  its  use.  The  coal  oil,  when  rectified  by  distillation,  is  extensively  employed 
for  dissolving  caoutchouc  in  making  the  varnish  of  waterproof  cloth,  and  also  for  burning 
in  a  peculiar  kind  of  lamps  under  the  name  of  naptha.  Oil  of  turpentine,  however,  is 
often  sold  and  used  for  this  purpose,  by  the  same  name.  If  the  coal  oil  be  mixed  with 
its  volume  of  water,  and  the  mixture  be  made  to  boil  in  a  kettle,  the  mingled  vapors  when 
passed  through  a  perforated  nozzle  may  be  kindled,  and  employed  as  a  powerful  means 
of  artificial  lieat.  The  water  is  not  decomposed,  but  it  serves  by  its  vapor  to  expand  the 
bulk  of  the  volatile  oil,  and  to  make  it  thereby  come  into  contact  with  a  larger  volume 
of  atmospherical  air,  so  as  to  burn  without  smoke,  under  a  boiler  or  any  other  vessel. 
The  pitch  may  be  decomposed  into  a  light-gas. 

The  relative  cost  of  light  from  coal  gas  and  oil  gas  may  be  estimated  as  one  to  six  at 
least.     Rosin  gas  is  cheaper  than  oil  gas.     See  Rosin. 

I  shall  conclude  this  article  with  a  summary  of  the  comparative  expense  of  different 
modes  of  illumination,  and  some  statistical  tables. 

One  pound  of  tallow  will  last  40  hours  in  six  mould  candles  burned  in  succession,  and 
costs  8d.;  a  gallon  of  oil,  capable  of  affording  the  light  of  15  candles,  for  40  hours, 
costs  5*. ;  being  therefore  I  of  the  price  of  mould  candles,  and  -S'  of  the  price  of  dips. 
The  cost  of  wax  is  about  85  times  that  of  tallow ;  and  coal  gas,  as  sold  at  the  rate  of 
9s.  for  1000  cubic  feet,  will  be  one  sixth  the  price  of  mould  candles ;  for  500  cubic  inches 
of  coal  gas  give  a  light  equal  to  the  above  candle  for  an  hour ;  therefore  40  X  500  = 
20,000  cubic  inches  =  11  57  cubic  feet,  worth  l|(i.,  which  multiplied  by  6  gives  7^d., 
the  average  price  of  mould  candles  per  pound. 

The  author  of  the  article  Gas-light  in  the  Encyclopaedia  Britannica,  observes,  in  refer- 
ence to  the  economy  of  this  mode  of  illumination,  that  while  the  price  of  coal,  in  conse- 
quence of  the  abundant  and  regular  supply  of  that  article,  is  liable  to  little  fluctuation, 
the  cost  of  wax,  tallow,  and  oil,  on  account  of  the  more  precarious  nature  of  the  sources 
from  which  they  are  obtained,  varies  exceedingly  in  diflerent  seasons.  "  Assuming  that 
a  pound  of  tallow  candles,  which  last  when  burned  in  succession  forty  hours,  costs  nine- 
pence"  (seven-pence  halfpenny  is  the  average  price),  "  that  a  gallon  of  oil,  yielding  the 
light  of  600  candles  for  an  hour,  costs  two  shillings"  (five  shillings  is  the  lowest  price  of 
a  gallon  of  such  oil  as  a  gentleman  would  choose  to  burn  in  his  lamp),  "  that  the  expense 
of  the  light  from  wax  is  three  times  as  great  as  from  tallow,  and  that  a  thousand  cubic 
feet  of  coal  gas  cost  nine  shiOings;"  he  concludes  the  relative  cost  to  be  for  the  same 
quantity  of  light, — from  wax,  100;  tallow,  25;  oil,  5;  and  coal-gas,  3.  I  conceive  the 
estimate  given  above  to  be  much  nearer  the  truth ;  when  referred  to  wax  called  100,  it 
becomes,  for  tallow,  28-6  ;  oil,  14'3  ;  coal-gas,  4'76. 

Gas-lighting  has  received  a  marvellous  development  in  London.  In  the  year  1834,  the 
number  of  gas  lamps  in  this  city  was  1^8,000,  which  consumed  daily  about  4,200,000 
cubic  feet  of  gas.  For  the  purpose  of  generating  this  gas,  more  than  200,000  chaldrons, 
or  10,800,000  cubic  feet  of  coals  were  required. 

For  the  following  valuable  statistical  details  upon  gas-light,  my  readers  are 
indebted  to  Joseph  Hedley,  Esq.,  engineer,  of  the  Alliance  Gas  Works,  Dublin ;  a 
gentleman  who  to  a  sound  knowledge  of  chemistry,  joins  such  mechanical  talent  and 
indefatigable  diligence,  as  qualify  him  to  conduct  with  success  any  great  undertaking 
committed  to  his  care.  He  has  long  endeavored  to  induce  the  directors  of  the  London 
gas-works  to  employ  a  better  coal,  and  generate  a  more  richly  carbureted  gas,  which  in 
much  smaller  quantity  would  give  as  brilliant  a  light,  without  heating  the  apartments 
unpleasantly,  as  their  highly  hydrogenated  gas  now  does.  Were  his  judicious  views 
adopted,  coal  gas  would  soon  supersede  oil,  and  even  wax  candles,  for  illuminating  pri- 
vate mansions. 
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Copy  of  a  paper  laid  before  a  Committee  of  the  House  of  Commons,  showing  not  only 
the  relative  values  of  the  Gases  produced  at  the  undermentioned  places,  but  showing  in 
like  manner  the  relative  economy  of  Gas,  as  produced  at  the  different  places,  over  can- 
dles.    By  Joseph  Hedley,  Esq. 
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1-22 
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1    4    7 

•541 

two  Companies  J 

Stockport  - 

3-254 

■85 

1489 

10  0 

0  14  11 

12i 

0  13    0 

■539 

Manchester 

3-060 

•825 

1536 

8  0 

0  12    3 
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0  10  10 
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Liverpool       Old  ) 
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2-369 

1-1 

2646 
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1    6    5 
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Liverpool  New 

4-408 
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1164 
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•580 

Gas  Company 
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Sheffield    - 

2-434 

1-04 

2440 

8  0 

0  19    6 

0  18    3 

•466 

Leicester  - 

2-435 

1-1 

2575 

7  6 

0  19    3 

15 

0  16    5 

•528 

Nottingham 

1-645 

1-3 

4200 

9  0 

1  17    9 

15 

1  11    3 
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Derby 

1937 

1-2 

3521 
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1  10    0 
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Preston 
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none 
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luminating  power. 

1 

Memorandum. — It  will  not  fail  to  be  observed  that  in  deducing  the  comparative  value 
between  candles  and  gas  by  these  experiments,  the  single  jet  (and  in  every  instance, 
of  course,  it  was  the  same)  has  been  the  medium.  This,  however,  though  decidedly 
the  most  correct  way  of  making  the  comparative  estimate  of  the  illuminating  power  of 
the  several  gases,  is  highly  disadvantageous  in  the  economical  comparison,  inasmuch 
as  gas  burnt  in  a  properly  regulated  argand  burner,  with  its  proper  sized  glass,  air 
aperture,  and  sufficient  number  of  holes,  gives  an  advantage  in  favor  of  gas  consumed 
in  an  argand,  over  a  jet  burner,  of  from  30  to  40  per  cent.  At  the  same  time  it  must 
not  be  overlooked,  that  in  many  situations  where  great  light  is  not  required,  it  will  be 
found  far  more  economical  to  adopt  the  use  of  single  jets,  which,  by  means  of  swing 
brackets  and  light  elegant  shades,  become  splendid  substitutes  for  candles,  in  banking 
establishments,  offices,  libraries,  &c.  &c. 

Note. — In  Glasgow,  Edinburgh,  Dundee,  Perth,  and  the  Scotch  towns  generally,  the 
Parrot  or  Scotch  Cannel  coal  is  used ;  in  illuminating  power  and  specific  gravity  the 
gas  produced  is  equal  to  that  from  the  best  description  of  Cannel  coal  in  England. 
The  price  per  1000  cubic  feet  ranges  about  9s.,  with  from  5  to  30  per  cent,  off  for  dis- 
coimts,  leaving  the  net  price  about  9s.  to  bi,-  equal  in  the  above  table  to  100  lbs.  of 
candles. 
Epitome  of  Experiments  made  in  Gas  produced  from  different  qualities  of  Coal,  and 

consumed  in  different  kinds  of  Burners: 

Tried  at  the  Sheffield  Gas  Light  Company's  Works,  and  laid  before  a  Committee  of  the 
House  of  Commons.     By  Joseph  Hedley,  Esq. 
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Copy  of  Experiments  made  at  the  Alliance  Gas  Company's  Works  in  Dublin,  during  the 
past  year  1837.     By  Joseph  Hedley,  Esq. 

Results  of  experiments  on  the  qualities  of  various  coals  for  the  production  of  gas;  its 
value  in  illuminating  power ;  produce  of  coke,  and  quality  ;  and  other  particulars  impor- 
tant in  gas-making : — 

1st  Experiment,  Saturday,  May  27,  1837. — Deane  coal  (Cumberland),  2  cwts.  of  112 
lbs.  each  (or  224  lbs.)  produced  970  cubic  feet  of  gas ;  4  bushels  of  coke  of  middling 
quality ;  specific  gravity  of  the  gas,  475.  Consumed  in  a  single-jet  burner,  flame  4 
inches  high,  lyLlhs  cubic  feet  per  hour ;  distance  from  shadow  76  inches,  or  2*3 
mould  candles.  Average  quantity  of  gas  made  from  the  charge  (6  hours)  4-33'cubic  feet 
per  lb.,  or  9,700  cubic  feet  per  ton  of  20  cwts.  Increase  of  coke  over  coal  in  measure,  not 
quite  30  per  cent.  Loss  in  weight  between  coal,  coke,  and  breize  56  lbs.,  converted 
into  sas,  tar,  ammonia,  &c. 

2d  Exferiment,  May  28. — Carlisle  coal  (Blenkinsopp).  224  lbs.  produced  1010  cubic 
feet  of  gas,  4  bushels  of  coke  of  good  quality  though  small;  increase  of  coke  over  coal  in 
measure  not  quite  30  per  cent.  Loss  in  weight,  same  as  foregoing  experiment.  Average 
quantity  of  gas  made  from  the  charge  (6  hours)  4*5  cubic  feet  per  lb.  or  10,080  per  ton. 

Illuminating  power  of  the  Gas. 


Consumed 
per  hour, 
single  jet. 

Distance 
from  candle. 

Equal 
to  candles. 

Specific 
gravity. 

At  the  end  of  the  first  hour 

feet. 

inches. 
70 

2-72 

•475 

Ditto          ditto          with  20-hole  ) 
argand  burner       -        -           S 

5 

25 

21-33 

•475 

When  charge  nearly  off       - 

1-4- 

85 

1-84 

•442 

When  charge  quite  off,  with  20-  \ 
hole  argand  burner        -         -\ 

1  0 

9 

100 

not  1 

•266 

^d  Experiment,  May  29. — Carlisle  coal  (Blenkinsopp).  112  lbs.  produced  556  cubic 
feet  of  gas.  Other  products,  loss  of  weight,  &c.,  same  proportion  as  foregoing  experi- 
ment. Average  quantity  of  gas  made  from  the  charge  (6  hours)  4-96  cubic  feet  per  lb., 
or  11,120  per  ton. 

In  this  experiment  the  quantity  of  gas  generated  every  hour  was  ascertained ;  the 
illuminating  power,  the  specific  gravity,  and  the  quantity  of  gas  consumed  by  the  single 
jet  with  a  flame  4  inches  high,  was  tried  at  the  end  of  each  hour,  with  the  respective 
gases  generated  at  each  hour ;  and  the  following  is  a  table  of  results. 

RESULTS. 


Hour. 

Gas  produced. 

Consumed 

per  hour, 

per  single  jet, 

4  inches  high. 

Specific  gravity. 

Distance  of 

candle  from 

shadow. 

Illuminating 
power  equal  to 
mould  candles. 

1st. 

2d. 

3d. 

4th. 

5th. 

6th. 

Total 

cubic  feet. 

150       \ 

120 
95 
95 
80 
16 

cubic  feet. 
lli-lOths    ) 
or  1-15      S 
11 
12 
15 
17 
29 

•534 

•495 
•344 
•311 
•270 
•200 

feet  9  inches. 

inches. 

70 

75 
75 
80 
85 
100 

2-72 

2-36 
2-36 
2-08 
1^81 
not  one 

556   or 

921  or  2 

Average  of  the  above  gas,  6-hour  charge. 
921  16-lOths,  nearly        -359  81  2-03 

Average  of  the  above  gas  at  4-hour  charge. 
115  121-lOths,  -421  75  2^36        , 

Production  of  gas  in  6  hours  556  feet,  or  at  the  rate  of  11,120  cubic  feet  per  ton. 
Ditto  in  4  hours  460  feet,  or  at  the  rate  of    9,200  ditto 


GAS-LIGHT. 


571 


Cubic  feet. 
12-lOths. 
lU-lOlhs. 


The  relative  value  of  these  productions  of  gas  is  as  follows,  viz. : 

11,120  at  16-lOths  per  hour  nearly  (or  1-5916  accurately),  and  equal  to  203  candles; 
the  11,120  feet  would  be  equal  to  and  last  as  long  as  1597  candles,  or  2661  lbs.  of 
candles. 

9200  at  12i-10ths  per  hour  (or  1-2375  accurately),  and  equal  to  236  candles;  the 
9200  feet  would  be  equal  to  1949  candles,  or  324A  lbs.  candles. 

Now  2661  lbs.  of  mould  candles,  at  7s.  6d.  per  dozen  lbs.,  will  cost  81,  6s.  4^d.,  whilst 
3245  lbs.  of    do.        do.       at  7^.  6d.  per    do.  do.         10?.  3s. 

Showins:*'ihe  value  of  4-hour  charges  over  6-hour  charges;  and  of  9,200  cubic  feet 
over  11,120  cubic  feet. 

Note. — 9500  cubic:  feet  of  Wigan  cannel  coal  gas  are  equal  in  illuminating  power  to  859  l-6tli  lbs.  of  can- 
dles, which  at  7s.  6d.  per  dozen  lbs.  will  cost  251.  iOs.  5hl.  It  is  also  found  that  any  burner  with  superior 
gas  will  consume  only  about  half  the  quantit)«iit  would  do  with  common  gas. 

4th  Experiment,  May  30th. — Cannel  and  Cardiff' coal  mixed  5  and  5,  together  112  lbs., 
produced  460  feet  of  gas;  2  bushels  of  coke  of  good  quality;  increase  of  coke  over  coal 
in  measure,  about  30  per  cent. ;  loss  in  weight,  41  lbs. ;  coke  weighed  71  lbs.,  no  breize. 
Average  quantity  of  gas  made  from  the  charge  (4  hours),  4*1  cubic  feet  per  lb«,  or  9*200 
per  ton. 

Illuminating  power. — At  the  end  of  the  first  hour. 
Candles. 
Distance  of  candle  from  }  .j.„        0.40  \  Consumed  per  hour,  single 

shadow      -        ■        -  )  \      jet,  4  inches  high 

At  end  of  2d  hour,  do.       70  or  2-72      Do.         do.         do. 
At  end  of  3d  hour.         This  gas  very  indifferent. 

Average  of  the  three      -     70  or  2-72      Do.         do.         do.  11^-lOths. 

Specific  gravity  3*44;  5  feet  per  hour,  with  a  20-hole  argand  burner,  equal  to  14*66 
candles. 

5th  Experiment,  May  31st. — Carlisle  coal,  112  lbs.   produced  410  feet  of  gas;    other 
products,  same  as  in  former  experiments  with  this  coal,  but  heat  very  low. 
Illuminating  power  and  produce  of  gas. 

^Average  of  this  gas:  specific  gravity,  540 f 

/'  1st  hour  120  cubic  feet  |      distance  of  candle  from  shadow,  55  inches, 

4in  ft  J  ^^  ■'^^  J      ""^  '^'^  candles  consumed  per    single  jet, 

"  It.  -j  2j  QQ  <      g.ioths  of  a  cubic  foot  per  hour.    20-hole 

( 4th  100  argand  burner,  4  feet  per  hour,  equal  to 

[     21-33  candles. 
It  is  possible,  from  the  superior  quality  of  this  gas,  that  a  little  of  the  cannel  gas  made 
for  a  particular  purpose,  may  have  got  intermixed  with  it  in  the  experimental  gasholder 
and  apparatus. 

A  variety  of  other  experiments  were  tried  on  different  qualities  of  coal,  and  mixtures 
of  ditto,  too  tedious  to  insert  here,  though  extremely  valuable,  and  all  tending  to  show 
the  superior  value  of  gas  produced  at  short  over  long  charges  ;  and  also  showing  the  im- 
portance and  value  of  coal  producing  gas  of  the  highest  illuminating  power;  among 
which  the  cannel  coal  procured  in  Lancashire,  Yorkshire,  and  some  other  counties  of 
England  and  Wales,  and  the  Parrot  or  splent  coal  of  Scotland,  stand  pre-eminent. 

Note. — In  all  the  foregoing  experiments  the  same  single-jet  burner  was  used  ;  its  flame  in  all  instances 
exactly  4  inches  high. 

The  coal  when  drawn  from  the  retort  was  slaked  with  water,  and  after  allowing  some  short  time  for 
drying,  was  weighed. 

A  Table  of  the  number  of  hours  Gas  is  burnt  in  each  month,  quarter,  and  year. 
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98 
70 
42 
14 

4 
31 
62 
93 
124 
155 
186 
382 
71 
40 
9 

4 
28 
58 
88 
118 
148 
295 
28 
3 

4 

29 

60 

91 

122 

243 

2 

8 
38 
68 
98 
195 

4 

32 
95 
186 
277 
368 
732 
30 
3 

2 

36 
92 
166 
258 
350 
442 
869 
C4 
18 

173 
265 
357 
449 
541 
633 
725 
1421 
327 
235 
143 
64 

102 

188 
278 
368 
458 
548 
638 
1305 
306 
216 
126 
58 

277 
493 
759 
1078 
1443 
1808 
2173 
4327 
727 
472 
269 
122 

3 
-a 
-0 

c  s 

572 


GAS-LIGHT. 


Copy  of  a  Paper  submitted  to  a  Committee  of  the   House  of  Commons  in  the   Session  of  1837, 

of  England  ;  and  procured  by  actual  Survey  and 
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Price  of 
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heat 
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used 
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Street 

Lamps 

sup- 

Description. 
Size  or  Sort 
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Annum 

for 
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cleans,  puts  out, 

and  repairs. 

H 

plied. 

Cu.ft. 

L.  s.  d 

Birminffhara 
Gas  Com- 

10s.  per  meter  cub.  feet. 

Lump  coal 

6,"600 

32 

2s.  \d  pe 

Slack. 

About 

490 

Batswings. 

1  10    0 

Company,  and 
provides  posts. 

Discounts 

from  West 

bushels. 

quarter 

5  cwt. 

460 

2    0    0 

pauy. 

iOl.    to      30;.a  2i   • 
301.    to      50/.  1   S"  = 
50/.    to      75/.  S   7i  £ 
75/.     to     100/.^10"fc 
100/.  &  upwards  15    c 

Bromwich 
pits,  risen 

much  of  late. 

1837,  Us.  lOd. 

delivered 
or  about 
3d.  per 
bushel. 

of  slack 
at  6s. 

per  ton 
25  per 
cent. 

30 

eervices,  &c. 

Birmingham 

IDs.  per  meter  cub.  feet. 

From  West 

6,500 

24  bush. 

2s.  lOd. 

Slack. 

5  cwt. 

1,500 

Batswings. 

average 

Ditto. 

and  Staf- 

Discounts as  above. 

Bromwich 

but  larger 

per  sack 

and 

of  slack 

1  18    0 

fordshire. 

pits,  1837, 
9s.  3d. 

measure 
than  Bir- 
mingham. 

of  8 
bushels. 

Tar. 

at  4s. 
25  per 
cent. 

Uaccleafield. 

IDs.  per  meter  cub.  feet. 

Discounts 

50/.      ,     75/.    5 

75/.  -y  100/.     7J. 

glOOi  2^  125/.  10"  = 

=  125/. -3  S  150/.  12jS 

<;150/.  §S  175/.  I5"S 

175/.      "  200/.  17JC 

S00/.&.upwards20' 

Common,  8s. 
average  1834. 

6,720 

12  cwt. 

10s. 
per  ton. 

Coke. 

No 

account 

kept. 

220 

Ditto. 

2  10    0 

Company, 

Stockport. 

10s.  per  meter  cub.  feet. 

Coal   10s.  6d. 

7,800 

7  cwt. 

6».  8(f. 

Coal, 

Ditto. 

230 

Ditto 

2  10    0]Comrs.  proTidel 

Discounts  same  as  Mac- 

cannel 19s.6d. 

per  ton. 

coke. 

1834. 

lamps  &  posts. 

clesfield.  Macclesfield 

about  half  and 

and  tar. 

2    0    0 

Company's 

discounts  taken  from 

half  used. 

1837. 

service  light. 

Stockport  card. 

Average  15s. 

repai.',  clean, 
and  extinguish. 

1834. 

Manchester. 

lOs.perm.cub.ft.  1834. 

15s.  id. 

9,500 

14  cwt. 

Ditto. 

Coke. 

K,  S-3ds 

2,375 

Single  jets 

1    2    0 

Commissioners 

9s.  and  8s.     —      1837. 

average. 

cwt. 

and  flat 

2    0    0 

of  police. 

Discounts 

Oldham    )- 

flames. 

50/.            100/.      2  J 

Water-   (  = 

about  half 

100/.     S     ISO/.      5    J 

?ale       (  § 

and  half. 

150/.    ■=     2j0/.      7*  = 

Wigan    /  " 

200/.     §     225/.     10"  S 

Mixed,  1834. 

225/.    -3     250/.     121  fe 

250/.     §     300/.     15    c- 

300/.           400/.     17J 

400/.  &  upwards  20 

Lirerp'l    Old 

10s.  per  metercub.  feet. 

rs.3<i.  per  ton 

8,200 

11}  cwt. 

8s.  4(f. 

Slack, 

6J  cwt. 

1,700 

Batswings. 

4  10    Oj      Company 

Company, 

Discounts 

of  112  Ills,  per 

per  ton  of 

7s.  3d. 

30 

1  jet. 

S    5    0,light,  clean,  put 

1834. 

10/.  &.  under  50/.  2»  • 

cwt.     Orms- 

1121b. 

per  ton. 

2-1 

2  13    0  out,  and  renair. 

30/.    to         100/.  5  " 

kirk  or  Wig- 

per  cwt. 

3    — 

3    2    9 

100/.    to         200/.  7JS 

an  flack. 

4    — 

3  13  11 

lOM.  and  upwards  10  °- 

Ditto,  ditto, 

n  1835,  this  Company 

resorted  to  the 

use  of 

cannel  co 

al   similar 

to  the  L 

iverpool 

New  G 

as  and  Coa 

Corapa 

UT.    Droducinir 

Liverpool 
New  Gas  «nU 

10s.  per  meter  cub.  feet. 

18s.  all  cannel 

9,500 

13  cwt. 

7».  6d. 

Coke 

5J  cwt. 

Only  a 

Argands. 

4    0    OiCommissioners.l 

Discounts  same  as  Liv- 

Wigan. 

per  ton. 

and 

, 

few. 

Coke,  1833. 

erpool  Old  Comp'ny. 

slack. 

1                           1 

Bradford, 

93.  per  meter  cubic  feet 

8s.6(f.  perton. 

8,000 

13  cwt. 

12«. 

Coke. 

8J  cwt. 

220 

Batswings. 

2  12    6;Company  light,] 

1S«4. 

to  lar^e  consumers. 
Discounts 

3  sorts  used 

per  ton. 

repair,  &c. 

average- 

20/.      to      30      S 

Slack  5s.  6d. 

30/.      to      40      7i  -i 

Low  moor 

40/.      to      60    10     S 

8s.  lOd. 

60/.      to      80     I2j  " 

Catherine 

80/.      to    100    15     g. 
00/.  &  upwards  20 
Small  Consumers, 

slack  8s. 

Qs.  per  meter  cub.  feet, 
ancl  5   per    cent,  off 
from  10^  to  20/. 

'Leeds,  1834. 

3s.  per  meter  cubic  feet. 
Discounts 

8s.  per  ton 
average. 

6,500 

12  cwt. 

7s.  6d. 

per  ton. 

Ditto. 

5icwt. 

517 

Ditto. 

2  12    6 

Commissioners, 
except  ext.u-l 
guishing,  for 

21  )  per  cent.   (    15/. 

2-3ds.  com'on 

5"  f    on  half-   >    30/. 

7». 

which  Comp'ny 

7(  (     yearly     )    50/. 

l-3d  cannel 

pay  .Is.lOd.  per 

0    }  payments.  I  100/. 

10s. 

lamp. 

Sheffield, 

Bs.  per  meter  cubic  feet. 

7s.9!f.  per  ton 

8,000 

10  cwt. 

10«. 

Ditto. 

3J  cwt. 

600 

Ditto. 

2  10    0 

Company      | 

183S. 

Disc'nts  same  as  Leeds. 

average. 
3  sorts  used, 

1,  2-lOihs 
can'el.at  16s. 

8,  2-lOths 
deep  pit,  7s. 

f-fOtli 
silksione,  ICs. 

of  saleable 
coke. 

oer  ton. 

provide   lamps, 
clean,  repair, 
put  out,  i,c. 

Leicester, 

's.  6d.  per  meter  cub.ft. 

13s.  6d. 

7,500 

4  quarters 

10s.  id. 

Coke, 

About 

414 

Ditto. 

S  13    6 

Company  light. 

1837. 

Disc'nts  on  half-yearly 

average. 
Derbyshire 

or  2s.  %d. 

tar,  &.C. 

l-3d  of 

put  out,  and 

rental,  not  eiceedinop 

per  qr. 

coke. 

clean. 

10/.,  5  per  cent. 

soft  coal. 

10/.  ^  (m  20/.     7 J 

„20/.  2=   30/.    10    :i 

J  30/.   ""S  40/.   12J  S 

f  40/.   =S  50/.    15"  Z. 

"=50/.   =g  60/.  20     S 

60/.&upwards25 

Derby,  1834. 

Os.  per  metercub.  feet. 

Discounts 

5  to  35  per  cent. 

Same  coal 
used  as  at 
Leicester. 

7,000 

Ditto. 

Ditto. 

Coke. 

Ditto. 

219 

Ditto. 

2    2    0 

2    7    0 

Commissioners 
light,  put  out, 

Nottingham, 

9s.  per  meter  cubic  feet. 

Ditto. 

7,000 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

300 

Ditto. 

3    3    0 

Commissioners 

1834. 

Discounts  as  above. 

light,  clean, 

London,  1334. 

Os.  per  meter  cub.  feet. 
No  discounts. 

17s.  average. 
Newcastle. 

8,500 

36  busk 

12s.  per 
chaldron. 

Ditto. 

13  bush. 

26,280 

Ditto. 

4    0    0 

repair,  &.c. 
Company  light, 
clean,  put  out, 
but  not  repair. 

Ditto,  1837. 

Ditto. 

Ditto. 

8,500 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

30,400 

Ditto. 

4    0    0 

Ditto. 
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being  a  Synopsis  of  the  proceedings  of  the  undermentioned  principal  Gas-Light   Establishments 
Experiments  between  the  Years  1831  and  1837.    By  Joseph  Hedley,  Esq. 


Gas     ,S.£ 

o  i  '"' 

^  "hi 

Greatest 

>, 

°^ 

'ndles. 
single 

Bhigh. 

d  per 
Four 

i  ?     i*^"^ 

No.  of  Hours, 
orTimeburni 
ia  the  Year. 

sumed 
in  each 
Lamp 

Ml 

Mil 

Per  Centage  of 
Loss  of  Gas  made. 

Quantity  of 

Gas 

delivered 

in  One 

Night. 

Duration 

of 
Charges. 

Method 
of  Purifi- 
cation. 

Number  of 

Gas 

Holders. 

m 

cS 

as  equal  to C 
as  burnt  in  a 
;tFour!nche: 
Gas  consume 
Hour  with  a 
Inch  Flam 

^^  o 

So 

3  c* 

o 

<  o-:: 

OO.^ 

Cu.ft. 

tn  ^ 

Inch. 

s.  d. 

s.    d. 

Cubic  Feet. 

Inch. 

CTndlcs  Cu.ft. 

226  nights,  or 

5  feet 

30  10 

18    0 

Receives  net 

43  millions 

6  hours. 

Dry  lime. 

4,  and  2  in 

•453 

72 

1,929 

1^22 

•3 

2i 

2933  hours,  9 

per 

40  18 

about  6s.  M .  per 

in  the  year. 

the  town. 

months,orait- 

hour. 

meter  cubic  feet. 

and  large 

tin?  5  nights 

new  gas 

for  mooas. 

station. 

334  niffhls,  or 
3042  liours. 

Ditto. 

1    3J 

18    0 

Receives  net 

85  millions 

Ditto. 

Ditto. 

6,  and  6  in 

•455 

72 

1,929 

1-22 

•8 

^ 

about  5s.  6d.  per 

in  the  year. 

the  town  7 

meter  cubic  feet. 

miles  off. 

8  months. 

4  feet 

3    0 

12    0 

Could  not  say. 

80,000. 

8  hours. 

Ditto. 

3  gas 
holders. 

Not 

70 

204 

Not 

•3 

2| 

omitting  5 

per 

Total  for 

taken 

taken 

nights  for 

hour. 

year  about 

moons. 

15  millions. 

8  months,  4 

Ditto. 

2    6 

12    6 

Ditto. 

65,000. 

Ditto. 

Ditto. 

4  gas 

•539 

64 

2,441 

•85 

•55 

2  5-S 

nights  omit- 

Total for 

holders. 

ted  formoons. 

year  about 

237  nights— 

12  millions. 

2300  hours. 

3390  hours. 

I  foot. 

6    6 

nothing 

About  15  to  I7i 

500,000. 

6  hours. 

Wet  lime. 

10  gas 

•534 

65 

2,295 

•825 

•475 

n 

2  feet, 

5    6 

per  cent  receive 

Total  for 

holders,  and 

per 

about  7s.  4d.  per 

year  100 

2  in  the 

hour. 

meter  cubic  feet, 

public  and 

private. 

Nearly  all  by 

meter. 

inillions. 

town. 

1   3500  hours. 

5  feet 
hour. 

4    4 

12    0 

Could  not  learn 

in  the  absence  of 

the  manager. 

360,000. 
Total  for 

year  72 
millions. 

8  hours, 
large 
retorts, 
holding 

Wet  and 
dry  lime, 
prin- 
cipally 
dry. 

8  gas 
holders  in 
all,  4  in  the 
town,  1000 

862 

75 

1,777 

M 

•75 

SS-8 

i 

6cwt. 

yards  off  the 

1 

each. 

works. 

nearly  similar 

results. 

which 

see. 

3000  hours. 

3i  feet 

per 
hour. 

5    6 

nothing 

Nearly  all  by 
meter. 

Not  suffi- 
ciently long 
at  work. 

4  hours. 

Wet  lime. 

2  large 
gas  holders. 

•580 

55 

3,306 

•9 

•45 

S 

Smooths, 

5  feet 

3    I 

12    6 

Receive  8s.  per 

42,500. 

8  hours. 

Dry  lime. 

holders. 

•420 

78 

1,643 

•12 

•9 

3 

omitting  7 

per 

meter  cubic  leet. 

Total  for 

nights.     2600 

hour. 

less  5}  per  cent. 

year 

hours  to  4 

8,619,000. 

o'clock  in  the 

morning. 

,  2330  hours. 

4  feet 

5    2 

3  10 

Receive  for  public 
and  private  6s.  8<i. 

176,000. 

6  hours. 

Ditto. 

5  gas 

■530 

67 

2,228 

■855 

•51 

2* 

1 

per 

Total  for 

holders. 

hour. 

per  meter  cubic 
feet.     Public  5s. 

year  31 

millions. 

private  7s;  meters 

used  5  to  1  for 

private  rental. 

220O  hours. 

Ditto. 

3    2J 

18    0 

Receive  for  public 

and  private  Its.  5s. 

per  meter  cubic 

feet.     Public 

3s.  2Jrf.,  private 

5s.  9' d.    Few 

meters  used. 

220,000. 
Total  for 

year  40 
millions. 

Ditto. 

Ditto. 

4  gas 

holders, 

and  2  more 

erecting. 

•465 

74 

1,836 

I^04 

•735 

2| 

From  August 

5  feet 

3    4| 

7    0 

Not  sufficiently 

Total  for 

Ditto. 

Ditto. 

3  gas 

•528 

74 

1,826 

M 

•75 

2! 

I4th  to 

per 

long,  at  7s.  &d. 

year  18 

holders,  and 

September 

hour. 

millions. 

1  erecting. 

1st,  omitting 

3  nights  for 

moons,  3000 

hours. 

2173  hours, 

Ditto. 

4    0 

Lose  about  \1\ 

Ditto. 

Ditto. 

Wet  lime. 

4  gas 

•448 

83 

1,453 

1'2 

•925 

3 

from  August 

nearly 

per  cent. 

holders. 

to  May. 

All  tlie  year, 
4327  hours. 

Ditto. 

3    0 

nearly 



Could  not  learn. 

Ditto. 

Ditto. 

Ditto. 



•424 

90 

1,234 

1^3 

M75 

3 

4327  hoturs, 

4  feet 

4    0 

12    0 

Receive  for  public 

and  private  lights 

7s.  public,  4s. 

Total  for 

Ditto. 

Ditto. 

130  gas 

•412 

80 

1,552 

M3 

•84 

2i 

all  the  year. 

per 

year  1000 

holders. 

hour. 

millions. 

private,  8s.  few 

Longest 

meters  used. 

nijTit 
4,9l5,000. 

Ditto. 

Ditto. 

4    0 

IS    0 

Ditto. 

Total  for 

Ditto. 

Ditto. 

176  gas 
hol-ders. 

•412 

80 

1,562 

l'I3 

•84 

2} 

year  1460 
millions. 

Longest 
nigTit 

T  1  Ort  nnn 

. 

ffr4 
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GEMS.  ffr5 

GENERAL    SUMMARY. 

For  lighting  London  and  its  suburbs  with  gas,  there  are — 

18  public  gas  works. 

12         do.        companies. 

2,800,000/.  capital  employed  in  works,  pipes,  tanks,  gas-holders,  apparatus. 

450,000/.  yearly  revenue  derived. 

180,000  tons  of  coals  used  in  the  year  for  making  gas. 

1,460,000,000  cubic  feet  of  gas  made  in  the  year. 

134,300  private  burners  supplied  to  about  40,000  consumers. 

30,400  public  or  street  do.     N.  B.  about  2650  of  these  are  in  the  city  of  London. 

380  lamplighters  employed. 

176  gas-holders  ;  several  of  them  double  ones,  capable  of  storing  5,500,000  cubic  feet. 

890  tons  of  coals  used  in  the  retorts  on  the  shortest  day,  in  24  hours. 

7,120,000  cubic  feet  of  gas  used  in  longest  night,  say  24th  December. 

About  2500  persons  are  employed  in  the  metropolis  alone,  in  this  branch  of  manu- 
facture. 

Between  1822  and  1827  the  quantity  nearly  doubled  itself,  and  that  in  5  years. 

Between  1827  and  1837  it  doubled  itself  again. 

Mr.  Kirkham,  engineer,  obtained  a  patent,  in  June,  1837,  for  an  improved  mode  of  re- 
moving the  carbonaceous  incrustation  from  the  internal  surfaces  of  gas  retorts.  He  em- 
ploys a  jet  or  jets  of  heated  atmospheric  air,  or  other  gases  containing  oxygen,  which  he 
impels  with  force  into  the  interior  of  such  retorts  as  have  become  incrusted  in  conse- 
quence of  the  decomposition  of  the  coal.  The  retort  is  to  be  kept  thoroughly  red  hot 
durins  the  application  of  the  proposed  jets.  An  iron  pipe,  constructed  with  several  flexi 
ble  joints,  leading  from  a  blowing  macliine,  is  bent  in  such  a  way  as  to  allow  its  nozzle 
end  to  be  introduced  within  the  retort,  and  directed  to  any  point  of  its  surface. 

I  should  suppose  that  air,  even  at  common  temperatures,  applied  to  a  retort  ignited  to 
the  pilch  of  making  gas,  would  burn  away  the  incrustations ;  but  hot  air  will,  no  doubt, 
be  more  powerful. 

GAS  HOLDER ;  a  vessel  for  containing  and  preserving  gas,  of  which  various  forms 
are  described  by  chemical  writers. 

GASOMETER  means  properly  a  measurer  of  sas,  though  it  is  employed  often  to  denote 
a  recipient  of  gas  of  any  kind.     See  the  article  Gas-Light. 

GAUZE  WIRE  CLOTH  is  a  textile  fabric,  either  plane  or  tweeled,  made  of  brass, 
iron,  or  copper  wire,  of  very  various  desrees  of  fineness  and  openness  of  texture.  Its 
chief  uses  are  for  sieves,  and  safety-lamps. 

GAY-LUSSITE  is  a  white  mineral  of  a  vitreous  fracture,  which  crystallizes  in  oblique 
rhomboidal  prisms  ;  specific  gravity  from  1-93  to  1*95  ;  scratches  gypsum,  but  is  scratched 
by  calcspar; '  aflbrds  water  by  calcination;  it  consists  of  carbonic  acid,  28-66  ;  soda, 
20-44;  lime,  17-70  ;  water,  32-20;  clay,  1-00.  It  is,  in  fact,  by  my  analysis,  a  hydrated 
soda-carbonate  of  lime  in  atomic  proportions.  This  mineral  occurs  abundantly  in  insu- 
lated crystals,  disseminated  through  the  bed  of  clay  which  covers  the  urao,  or  native  ses- 
quicarbonate  of  soda,  at  Lagunilla  in  Colombia. 

GELATINE  (Eng.  and  Fr. ;  Gallert,  Leim,  Germ.)  is  an  animal  product  which  is 
never  found  in  the  humors,  but  it  may  be  obtained  by  boiling  with  water  the  soft  and 
solid  parts ;  as  the  muscles,  the  skin,  the  cartilages,  bones,  liffaments,  tendons,  and 
membranes.  Isinglass  consists  almost  entirely  of  gelatine.  This  substance  is  very 
soluble  in  boiling  water ;  the  solution  forms  a  tremulous  mass  of  jelly  when  it  cools. 
Cold  water  has  little  action  upon  gelatine.  Alcohol  and  tannin  (tannic  acid,  see  Gall- 
nuts)  precipitate  gelatine  from  its  solution  ;  the  former  by  abstracting  the  v/ater,  the 
latter  by  combining  with  the  substance  itself  into  an  insoluble  compound,  of  the  nature 
of  leather.  No  other  acid,  except  the  tannic,  and  no  alkali  possesses  the  property  of 
precipitating  gelatine.  But  chlorine  and  certain  salts  render  its  solution  more  or  less  tur- 
bid ;  as  the  nitrate  and  bi-chloride  of  mercury,  the  proto-chlorideof  tin,  and  a  few  others. 
Sulphuric  acid  converts  a  solution  of  gelatine  at  a  boiling  heat  into  sugar.  See  Ligne- 
ous Fibre.  Gelatine  consists  of  carbon,  47-88  ;  hydrogen,  7-91 ;  oxygen,  27-21.  See 
Glue  and  Isinglass. 

GEMS  are  precious  stones,  which,  by  their  color,  limpidity,  lustre,  brilliant  polish,  pu- 
rity, and  rarity,  are  sought  after  as  objects  of  dress  and  decoration.  They  form  the  prin- 
cipal part  of  the  crown  jewels  of  kings,  not  only  from  their  beauty,  but  because  they  are 
supposed  to  comprise  the  greatest  value  in  the  smallest  bulk ;  for  a  diamond,  no  larger 
than  a  nut  or  an  acorn,  may  be  the  representative  sign  of  the  territorial  value  of  a  whole 
country,  the  equivalent  in  commercial  exchange  of  a  hundred  fortunes,  acquired  by  se- 
vere toils  and  privations. 

Among  these  beautiful  minerals  mankind  have  agreed  in  forming  a  select  class,  to  which 
the  title  of  gems  or  jeweh  has  been  appropriated;  while  the  term  precious  stone  is  more 
particularly  given  to  substances  which  often  occur  under  a  more  considerable  volume 
than  fine  stones  ever  do. 
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Diamonds,  sapphires,  emeralds,  rubies,  topazes,  hyacinths,  and  chrysoberyls,  are  reck- 
oned the  most  valuable  gems. 

Cyrstalline  qaartz,  pellucid,  opalescent,  or  of  various  hues,  amethyst,  lapis  lazuli, 
malachite,  jasper,  agate,  &c.,  are  ranked  in  the  much  more  numerous  and  inferior  class 
of  ornamental  stones.  These  distinctions  are  not  founded  upon  any  strict  philosophical 
principle,  but  are  regulated  by  a  conventional  agreement,  not  very  well  defined ;  for  it 
is  impossible  to  subject  these  creatures  of  fashion  and  taste  to  the  rigid  subdivisions  of 
science.  We  have  only  to  consider  the  value  currently  attached  to  them,  and  take  care 
not  to  confound  two  stones  of  the  same  color,  but  which  may  be  very  differently  prized 
by  the  virtuoso. 

Since  it  usually  happens  that  the  true  gems  are  in  a  cut  and  polished  state,  or  even  set 
in  gold  or  silver,  we  are  thereby  unable  to  apply  to  them  the  criteria  of  mineralogical  and 
chemical  science.  The  cutting  of  the  stone  has  removed  or  masked  its  crystalline  char-  ■ 
acter,  and  circumstances  rarely  permit  the  phenomena  of  double  or  single  refraction  to 
be  observed ;  while  the  test  by  the  blowpipe  is  inadmissible.  Hence  the  only  scientific 
resources  that  remain  are  the  trial  by  electricity,  which  is  often  inconclusive ;  the  degree 
of  hardness,  a  criterion  requiring  great  experience  in  the  person  who  employs  it ;  and, 
lastly,  the  proof  by  specific  gravity,  unquestionably  one  of  the  surest  means  of  distinguish- 
ing the  really  fine  gems  from  ornamental  stones  of  similar  color.  This  proof  can  be  ap- 
plied only  to  a  stone  that  is  not  set;  but  the  richer  gems  are  usually  dismounted,  when 
offered  for  sale. 

This  character  of  specific  gravity  may  be  applied  by  any  person  of  common  intelli- 
cence,  with  the  aid  of  a  small  hydrostatic  balance.  If,  for  example,  a  stone  of  a  fine 
crimson-red  color  be  offered  for  sale,  as  an  oriental  ruby  ;  the  purchaser  must  ascertain 
if  it  be  not  a  Siberian  tourmaline,  or  ruby  spinel.  Supposing  its  weight  in  air  to  be  100 
grains,  if  he  finds  it  reduced  to  69  grains,  when  weighed  in  water,  he  concludes  that  its 
bulk  is  equal  to  that  of  31  grains  of  water,  which  is  its  loss  of  weight.  Now,  a  real 
sapphire  which  weighs  100  grains  in  air,  would  have  weighed  76-6  in  water;  a  spinel 
ruby  of  100  grains  would  have  weighed  72-2  in  water,  and  a  Siberian  tourmaline  of  100 
grains  would  have  weighed  only  69  grains  in  water.  The  quality  of  the  stone  in  ques- 
tion is,  therefore,  determined  beyond  all  dispute,  and  the  purchaser  may  be  thus  protected 
from  fraud. 

The  sard  of  the  English  jewellers  (Sardoine,  French)  is  a  stone  of  the  nature  of 
agate,  having  an  orange  color  more  or  less  deep,  and  passing  by  insensible  shades  into 
yellow,  reddish,  and  brown;  whence  it  has  been  agreed  to  unite  under  this  denomination 
all  the  agates  whose  color  verges  upon  brown.  It  should  be  remarked,  however,  that  the 
sard  presents,  in  its  interior  and  in  the  middle  of  its  ground,  concentric  zones,  or  small 
nebulosities,  which  are  not  to  be  seen  in  the  red  cornelian,  properly  so  called.  The 
ancients  certainly  knew  our  sard,  since  they  have  left  us  a  great  many  of  them  engraved, 
but  they  seem  to  have  associated  under  the  title  sarda  both  the  sardoine  of  the  French, 
and  our  cornelians  and  calcedonies.  Pliny  says  that  the  sarda  came  from  the  neighbor- 
hood of  a  city  of  that  name  in  Lydia,  and  from  the  environs  of  Babylon.  Among  the 
engraved  sards  which  exist  in  the  collection  of  antiques  in  the  Bibliotheque  Royale  of 
Paris,  there  is  an  Apollo  remarkable  for  its  fine  color  and  great  size.  When  the  stone 
forms  a  part  of  the  agate-onyx,  it  is  called  sardonyx.  For  further  details  upon  Gems, 
and  the  art  of  cutting  and  engraving  them.  See  Lapidary. 

GEOGNOSY,  means  a  knowledge  of  the  structure  of  the  earth ;  Geology,  a  descrip- 
tion of  the  same.  The  discussion  of  this  subject  does  not  come  within  the  province  of 
this  Dictionary. 

GERMAN  SILVER.     See  the  latter  end  of  the  article  Copper. 

GERMINATION  (Eng.  and  Fr. ;  Das  Keimen,  Germ.)  is  the  first  sprouting  of  a 
seed  after  it  is  sown,  or  when,  after  steeping,  it  is  spread  upon  the  malt  floor.     See  Beer. 

GIG  MACHINES  are  rotatory  drums,  mounted  with  thistles  or  wire  teeth  for  teazling 
cloth.     See  Woollen  Manufacture. 

GILDING  (Dorure,  Fr. ;  Vergolduvg,  Germ.)  is  the  art  of  coating  surfaces  with  a 
thin  film  of  gold.  For  a  full  discussion  of  this  subject.  See  Gold.  Mr.  Elkington,  gilt 
toy  maker,  obtained  a  patent  in  June,  1836,  for  gilding  copper,  brass,  &c.,  by  means  of 
potash  or  soda  combined  with  carbonic  acid,  and  with  a  solution  of  gold.  Dissolve,  says 
he,  5  oz.  troy  of  fine  gold  in  52  oz.  avoirdupois  of  nitro-muriatic  acid  of  the  following 
proportions  :  viz.  21  oz.  of  pure  nitric  acid,  of  spec.  grav.  1-45,  17  oz.  of  pure  muriatic 
acid,  of  spec.  grav.  1-15 ;  with  14  oz.  of  distilled  water. 

The  gold  being  put  into  the  mixture  of  acids  and  water,  they  are  to  be  heated  in  a 
glass  or  other  convenient  vessel  till  the  gold  is  dissolved;  and  it  is  usual  to  continue  the 
application  of  heat  after  this  is  effected,  until  a  reddish  or  yellowish  vapor  ceases  to  rise. 

The  clear  liquid  is  to  be  carefully  poured  off  from  any  sediment  which  generally 
appears  and  results  from  a  small  portion  of  silver,  which  is  generally  found  in  alloy  with 
gold.  The  clear  liquid  is  to  be  placed  in  a  suitable  vessel  of  stone,  pottery  ware  is  pre- 
ferred.   Add  to  the  solution  of  gold  4  gallons  of  distdled  water,  and  20  pounds  of  bicar- 
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bonate  of  potash  of  the  best  quality  ;  let  the  whole  boil  moderately  for  two  hoars,  the 
mixture  will  then  be  ready  for  use. 

The  articles  to  be  gilded  having  been  first  perfectly  cleaned  from  scale  or  grease,  they 
are  to  be  suspended  on  wires,  conveniently  for  a  workman  to  dip  them  in  the  liquid,  which 
is  kept  boiling.  The  time  required  for  gilding  any  particular  article  will  depend  on  cir- 
cumstances, partly  on  the  quantity  of  gold  remaining  in  the  liquid,  and  partly  on  the  size 
and  weight  of  the  article  ;  but  a  little  practice  will  readily  give  sufficient  guidance  to  the 
workman. 

Supposing  the  articles  desired  to  be  gilded  be  brass  or  copper  buttons,  or  small 
articles  for  gilt  toys,  or  ornaments  of  dress,  such  as  ear-rings  or  bracelets,  a  considerable 
number  of  which  may  be  strung  on  a  hoop,  or  bended  piece  of  copper  or  brass  wire,  and 
dipped  into  the  vessel  containing  the  boiling  liquid  above  described,  and  moved  therein, 
the  requisite  gilding  will  be  generally  obtained  in  from  a  few  seconds  to  a  minute;  this 
is  when  the  liquid  is  in  the  condition  above  described,  and  depending  on  the  quality  of 
the  gilding  desired ;  but  if  the  liquid  has  been  used  some  time,  the  quantity  of  gold  will 
be  lessened,  which  will  vary  the  time  of  operating  to  produce  a  given  efi'ect,  or  the 
color  required,  all  which  will  quickly  be  observed  by  the  workman;  and  by  noting 
the  appearance  of  the  articles  from  time  to  time,  he  will  know  when  the  desired  object 
is  obtained,  though  it  is  desirable  to  avoid  as  much  as  possible  taking  the  articles  out  of 
the  liquid. 

When  the  operation  is  completed,  the  workman  perfectly  washes  the  articles  so  gilded 
with  clean  water ;  they  may  then  be  submitted  to  the  usual  process  of  coloring. 

If  the  articles  be  cast  figures  of  animals,  or  otherwise  of  considerable  weight,  compared 
with  the  articles  above  mentioned,  the  time  required  to  perform  the  process  will  be 
greater. 

In  case  it  is  desired  to  produce  what  is  called  a  dead  appearance,  it  may  be  performed 
by  several  processes :  the  one  usually  employed  is  to  dead  the  articles  in  the  process  of 
cleaning,  as  practised  by  brass-founders  and  other  trades ;  it  is  produced  by  an  acid,  pre- 
pared for  that  purpose,  sold  by  che  makers  under  the  term  "  deading  aquafortis,"  which 
is  well  understood. 

It  may  also  be  produced  by  a  weak  solution  of  nitrate  of  mercury,  applied  to  the 
articles  previous  to  the  gilding  process,  as  is  practised  in  the  process  of  gilding  with 
mercury,  previous  to  spreading  the  amalgam,  but  generally  a  much  weaker  solution;  or 
the  articles  having  been  gilded  may  be  dipped  in  a  solution  of  nitrate  of  mercury,  and 
submitted  to  heat  to  expel  the  same,  as  is  practised  in  the  usual  process  of  gilding. 

It  is  desirable  to  remark,  that  much  of  the  beauty  of  the  result  depends  on  the  well 
cleaning  of  the  articles,  and  it  is  better  to  clean  them  by  the  ordinary  processes,  and  at 
once  pass  them  into  the  liquid  to  be  gilded.     See  Gold,  towards  the  end. 

GIN,  or  Geneva,  from  Genievre  (juniper),  is  a  kind  of  ardent  spirits  manufactured  in 
Holland,  and  hence  called  Hollands  gin  in  this  country,  to  distinguish  it  from  British 
gin.  The  materials  employed  in  the  distilleries  of  Schiedam,  are  two  parts  of  unmalted 
rye  from  Riga,  weighing  about  54  lbs.  per  bushel,  and  one  part  of  malted  bigg, 
weighing  about  37  lbs.  per  bushel.  The  mash  tun,  which  serves  also  as  the  fermenting 
tun,  has  a  capacity  of  nearly  700  gallons,  being  about  five  feet  in  diameter  at  the  mouth, 
rather  narrower  at  the  bottom,  and  4|  feet  deep ;  the  stirring  apparatus  is  an  oblong 
rectangular  iron  grid,  made  fast  to  the  end  of  a  wooden  pole.  About  a  barnel,  =  36 
gallons  of  water,  at  a  temperature  of  from  162°  to  168°  (the  former  heat  being  best  for 
the  most  highly  dried  rye),  are  put  into  the  mash  tun  for  every  1^  cwt.  of  meal,  after 
which  the  malt  is  introduced  and  stirred,  and  lastly  the  rye  is  added.  Powerful  agitation 
is  given  to  the  magma  till  it  becomes  quite  uniform ;  a  process  which  a  vigorous  work- 
man piques  himself  upon  executing  in  the  course  of  a  few  minutes.  The  mouth  of  the 
tun  is  immediately  covered  over  with  canvass,  and  further  secured  by  a  close  wooden  lid,  to 
confine  the  heat ;  it  is  left  in  this  state  for  two  hours.  The  contents  being  then  stirred 
up  once  more,  the  iramparent  spent  wash  of  a  preceding  mashing  is  first  added,  and  next 
as  much  cold  water  as  will  reduce  the  temperature  of  the  whole  to  about  85°  F.  The 
best  Flanders  yeast,  which  had  been  brought,  for  the  sake  of  carriage,  to  a  doughy  con- 
sistence by  pressure,  is  now  introduced  to  the  amount  of  one  pound  for  every  100  gallons 
of  the  mashed  materials. 

The  gravity  of  the  fresh  wort  is  usually  from  33  to  38  lbs.  per  Dicas'  hydrometer ;  and 
the  fermentation  is  carried  on  from  48  to  60  hours,  at  the  end  of  which  time  the  attenua- 
tion is  from  7  to  4  lbs.,  that  is,  the  specific  gravity  of  the  supernatant  wash  is  from  1-007 
to  1-004. 

The  distillers  are  induced  by  the  scarcity  of  beer-barm  in  Holland,  to  skim  ofi"  a  quan- 
tity of  the  yeast  from  the  fermenting  tuns,  and  to  sell  it  to  the  bakers,  whereby  they  ob- 
struct materially  the  production  of  spirit,  though  they  probably  improve  its  quality,  by 
preventing  its  impregnation  with  yeasty  particles ;  an  unpleasant  result  which  seldom 
fails  to  take  place  in  the  whiskey  distilleries  of  the  United  Kingdom. 
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On  the  third  day  after  the  fermenting  tun  is  set,  the  wash  containing  the  grains  is  trans- 
ferred to  the  still,  and  converted  into  low  wines.  To  every  100  gallons  of  this  liquor,  two 
pounds  of  juniper  berries,  from  3  to  5  years  old,  being  added  along  with  about  one  quarter 
of  a  pound  of  salt,  the  whole  are  put  into  the  low  wine  still,  and  the  fine  Hollands  spirit 
is  drawn  off  by  a  gentle  and  well-regulated  heat,  till  the  magma  becomes  exhausted;  the 
first  and  the  last  products  being  mixed  together;  whereby  a  spirit,  2  to  3  per  cent,  above 
our  hydrometer  proof,  is  obtained,  possessing  the  peculiar  fine  aroma  of  gin.  The  quan- 
tity of"  spirit  varies  from  18  to  21  gallons  per  quarter  of  grain ;  this  large  product  being 
partly  due  to  the  employment  of  the  spent  wash  of  the  preceding  fermentation;  an  addi- 
tion whicii  contributes  at  the  same  time  to  improve  the  flavor. 

For   the   above   instructive   details   of  the  manufacture  of  genuine  Hollands,  I  am 

indebted  to  Robert  More,  Esq.,  formerly  of  Underwood,  distiller,  who,  after  studying 

the   art   at  Schiedam,  tried  to  introduce  that    spirit  into   general  consumption   in  this 

country,  but  found  the  palates  of  our  gin-drinkers  too  much  corrupted  to  relish  so  pure 

,  a  beverage'. 

GINNING,  is  the  name  of  the  operation  by  which  the  filaments  of  cotton  are  separated 
from  the  seeds.     See  Cotton  Manufacture. 

GLANCE  COAL,  or  anthracite,  of  which  there  are  two  varieties,  the  slaty  and  the 
conchoidal.     See  Anthracite. 

GLASS  (Verre,  Ft.  ;  Gla.^,  Germ.)  is  a  transparent  solid  formed  by  the  fusion  of 
silicious  and  alkaline  matter.  It  was  known  to  the  Phenicians,  and  constituted  for  a 
long  time  an  exclusive  manufacture  of  that  people,  in  consequence  of  its  ingiedients, 
natron,  sand,  and  fuel,  abounding  upon  their  coasts.  It  is  probable  that  the  more  ancient 
Egyptians  were  unacquainted  with  glass,  lor  we  find  no  mention  of  it  in  the  writings  of 
Moses.  But  according  to  Pliny  and  Strabo,  the  glass  works  of  Sidon  and  Alexandria 
were  famous  in  their  times,  and  produced  beautiful  articles  ;  which  were  cut,  engraved, 
gilt,  and  stained  of  the  most  brilliant  colors,  in  imitation  of  precious  stones.  The 
Romans  employed  glass  for  various  purposes;  and  have  left  specimens  in  Herculanenm 
of  window-glass,  which  must  have  been  blown  by  methods  analogous  to  the  modern. 
The  Phenician  processes  seem  to  have  been  learned  by  the  Crusaders,  and  transferred  to 
Venice  in  the  13lh  century,  where  they  were  long  held  secret,  and  formed  a  lucrative 
commercial  monopoly.  Soon  after  the  middle  of  the  17th  century,  Colbert  enriched 
France  with  the  blown  mirror  glass  manufacture. 

Chance  undoubtedly  had  a  principal  share  in  the  invention  of  this  curious  fabrication, 
but  there  were  circumstances  in  the  most  ancient  arts  likely  to  lead  to  it;  such  as  the 
fusing  and  vitrifying  heats  required  for  the  formation  of  pottery,  and  for  the  extraction  of 
metals  from  their  ores.  Pliny  ascribes  the  origin  of  glass  to  the  following  accident. 
A  merchant-ship  laden  with  natron  being  driven  upon  the  coast  at  the  mouth  of  the  river 
Belus,  in  tempestuous  weather,  the  crew  were  compelled  to  cook  their  victuals  ashore, 
and  having  placed  lumps  of  the  natron  upon  the  sand,  as  supports  to  the  kettles,  found 
to  their  surprise  masses  of  transparent  stone  among  the  cinders.  The  sand  of  this  small 
stream  of  Galilee,  which  runs  from  the  foot  of  Mount  Carmel,  was  in  consequence  sup- 
posed to  possess  a  peculiar  virtue  for  making  glass,  and  continued  for  ages  to  be  sought 
after  and  exported  to  distant  countries  for  this  purpose. 

Agricola,  the  oldest  author  who  has  written  technically  upon  glass,  describes  furnaces 
and  processes  closely  resembling  those  employed  at  the  present  day.  Neri,  Kunckel, 
Henckel,  Pott,  Achard,  and  some  other  chemists,  have  since  then  composed  treatises  upon 
the  subject ;  but  Neri,  Bosc,  Antic,  Loysel,  and  AUut,  in  the  Encyclopedic  Methodique, 
are  the  best  of  the  elder  authorities. 

The  window-glass  manufacture  was  first  begun  in  England  in  1557,  in  Crutched  Friars, 
London ;  and  fine  articles  of  flint-glass  were  soon  afterwards  made  in  the  Savoy  House, 
Strand.  In  1635  the  art  received  a  great  improvement  from  Sir  Robert  Mansell,  by  the 
use  of  coal  fuel  instead  of  wood.  The  first  sheets  of  blown  glass  for  looking  glasses  and 
coach  windows  were  made  in  1673  at  Lambeth,  by  Venetian  artisans  employed  under  the 
patronage  of  the  Duke  of  Buckingham. 

The  casting  of  mirror-plates  was  commenced  in  France  about  the  year  1688,  by  Abra- 
ham Thevart;  an  invention  which  gave  rise  soon  afterwards  to  the  establishment  of  the 
celebrated  works  of  St.  Gobin,  which  continued  for  nearly  a  century  the  sole  place  where 
this  highly  prized  object  of  luxury  was  well  made.  In  excellence  and  cheapnesi!,  the 
French  mirror-plate  has  been,  however,  for  some  time  rivalled  by  the  English. 

The  analysis  of  modern  chemists,  which  will  be  detailed  in  the  course  of  this  article, 
and  the  light  thrown  upon  the  manufacture  of  glass  in  general  by  the  accurate  means  now 
possessed  of  purifying  its  several  ingredients,  would  have  brought  the  art  to  the  highest 
state  of  perfection  in  this  country,  but  for  the  vexatious  interference  and  obstructions  of 
our  excise  laws. 

The  researches  of  Berzelius  having  removed  all  doubts  concerning  the  acid  character 
of  silica,  the  general  composition  of  glass  presents  now  no  difficulty  of  conception. 
This  substance  consists  of  one  or  more  salts,  which  are  silicates  with  bases  of  potasU> 
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soda,  lime,  oxyde  of  iron,  alumina,  or  oxyde  of  lead;  in  any  of  which  compounds  we 
can  substitute  one  of  these  bases  for  another,  provided  that  one  alkaline  base  be  left. 
Silica  in  its  turn  may  be  replaced  by  the  boracic  acid,  without  causing  the  glass  to  lose  its 
principal  characters. 

Under  the  title  glass  are  therefore  comprehended  various  substances  fusible  at  a  high 
temperature,  solitl  at  ordinary  temperatures,  brilliant,  generally  more  or  less  transparent, 
and  always  brittle.     The  following  cliemical  distribution  of  slasses  has  been  proposed. 

1.  Soluble  glass;  a  simple  silicate  of  potash  or  soda;  or  of  both  these  alkalis. 

2.  Bohemian  or  crown  slass  ;   silicate  of  potash  and  lime. 

3.  Common  window  and  mirror  glass ;  silicate  of  soda  and  lime ;  sometimes  also  of 
potash. 

4.  Bottle  glass;  silicate  of  soda,  lime,  alumina,  and  iron. 

5.  Ordinary  crystal  glass;  silicate  of  potash  and  lead. 

6.  Flint  glass;  silicate  of  potash  and  lead;  richer  in  lead  than  the  preceding. 

7.  Strass  ;  silicate  of  potash  and  lead  ;  still  richer  in  lead. 

8.  Enamel ;  silicate  and  stannate  or  anliinoniate  of  potash  or  soda  and  lead. 

The  glasses  which  contain  several  bases  are  liable  to  suffer  different  changes  when 
they  are  melted  or  cooled  slowly.  The  silica  is  divided  among  these  bases,  forming  new 
compounds  in  definite  proportions,  which  by  crystallizin?,  separate  from  each  other,  so 
♦.hat  the  general  mixture  of  the  ingredients  which  constituted  glass  is  destroyed.  It  be- 
comes then  very  hard,  fibrous,  opaque,  much  less  fusible,  a  better  conductor  of  electricity 
and  of  heat ;  forming  what  Reaumur  styled  devitrified  glass ;  and  what  is  called  after 
him,  Reaumur's  porcelain. 

This  altered  slass  can  always  be  produced  in  a  more  or  less  perfect  state,  by  melting 
the  glass  and  allowing  it  to  cool  very  slowly ;  or  merely  by  heating  it  to  the  softening 
pitch,  and  keeping  it  at  this  heat  for  some  time.  The  process  succeeds  best  with  the 
most  complex  vitreous  compounds,  such  as  bottle  glass ;  next  with  ordinary  window  glass ; 
and  lastly  with  glass  of  potash  and  lead. 

This  i)roperty  ought  to  be  kept  constantly  in  view  in  manufacturing  glass.  It  shows 
why  in  making  bottles  we  should  fashion  them  as  quickly  as  possible  with  the  aid  of  a 
mould,  and  reheat  them  as  seldom  as  may  be  absolutely  necessary.  If  it  be  often  heated 
and  cooled,  the  glass  loses  its  ductility,  becomes  refractory,  and  exhibits  a  multitude 
of  stony  granulations  throughout  its  substance.  When  coarse  glass  is  worked  at  the 
enameller's  lamp,  it  is  apt  to  change  its  nature  in  the  same  way,  if  the  workman  be  not 
quick  and  expert  at  his  business. 

From  these  facis  we  perceive  the  importance  of  making  a  careful  choice  of  the  glass 
intended  to  be  worked  in  considerable  masses,  such  as  the  large  object  glasses  of  tele- 
scopes ;  as  their  annealing  requires  a  very  slow  process  of  refrigeration,  which  is  apt  to 
cause  devitrified  specks  and  clouds.  For  such  purposes,  therefore,  no  other  species  of 
glass  is  well  adapted  except  that  with  basis  of  potash  and  lead  ;  or  that  with  basis 
of  potash  and  lime.  These  two  form  the  best  flint  glass  and  crown  glass ;  and  they 
should  be  exclusively  employed  for  the  construction  of  the  object  glasses  of  achromatic 
telescopes. 

GLASS-MAKING,  general  principles  of.  Glass  may  be  defined  in  technical  phrase- 
ology, to  be  a  transparent  homoseneous  compound  termed  by  the  fusion  of  silica  with 
oxydes  of  the  alkaline,  earthy,  or  common  metals.  It  is  usually  colorless,  and  then  re- 
sembles rock  crystal,  but  is  occasionally  stained  by  accident  or  design  with  colored  me- 
tallic oxydes.  At  common  temperatures  ii  is  hard  and  brittle,  in  thick  pieces;  in  thin 
plates  or  threads,  flexible  and  elastic;  sonorous  when  struck;  fracture  conchoidal,  and 
of  that  peculiar  lustre  called  vitreous ;  at  a  red  heat,  becoming  soft,  ductile,  and  plastic. 
Besides  glass  properly  so  called,  other  bodies  are  capable  of  entering  into  vitreous  fusion, 
as  phosphoric  acid,  boracic  acid,  arsenic  acid,  as  also  certain  metallic  oxydes,  as  of  lead 
and  antimony,  and  seveAl  chlorides;  some  of  which  are  denominated  glasses.  Impure 
and  opaque  vitriform  masses  are  called  slags ;  such  are  the  productions  of  blast  iron  fur- 
naces and  many  metallurgic  operations. 

Silica,  formerly  styled  the  earth  of  flints,  which  constitutes  the  basis  of  all  commercial 
glass,  is  infusible  by  itself  in  the  strongest  fire  of  our  furnaces ;  but  its  vitreous  fusion  is 
easily  effected  by  a  competent  addition  of  potash  or  soda,  either  alone  or  mixed  with 
lime  or  litharge.  The  silica,  which  may  be  regarded  as  belonging  to  the  class  of  acids, 
combines  at  the  heat  of  fusion  with  these  bases,  into  saline  compounds ;  and  hence 
glass  may  be  viewed  as  a  silicate  of  certain  oxydes,  in  which  the  acid  and  the  bases  exist 
in  equivalent  proportions.  Were  these  proportions,  or  the  quantities  of  the  bases  which 
silica  requires  for  its  saturation  at  the  melting  point,  exactly  ascertained,  we  might 
readily  determine  beforehand  the  best  proportions  of  materials  for  the  glass  manufacture. 
But  as  this  is  far  from  being  the  case,  and  as  it  is,  moreover,  not  improbable  that  the 
capacity  of  saturation  of  the  silica  varies  with  the  temperature,  and  that  the  properties 
of  glass  also  vary  with  the  bases,  we  must,  in  the  present  state  of  our  knowledge,  regu- 
late the  proportions  rather  by  practice  than  by  theory,  though  the  latter  may  throw  aa 
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indirect  light  upon  the  subject.  For  example,  a  good  colorless  glass  has  been  found  by 
analysis  to  consist  of  72  parts  of  silica,  13  parts  of  potash,  and  10  parts  of  lime,  m  95 
parts.  If  we  reduce  these  numbers  to  ihe  equivalent  ratios,  we  shall  have  the  following 
results ;  taking  the  atomic  weights  as  given  by  Berzelius. 

1  atom  potash  =    590 

1  lime  356 
3           silica          1722 

2  silica         1155 

3823  9500 

This  glass  would  therefore  have  been  probably  better  compounded  with  the  just  atomic 
proportions,  to  which  it  nearly  approaches,  viz.  71-49  silica,  14-67  potash,  and  8*84  lime, 
instead  of  those  given  above  as  its  actual  constituents. 

The  proportions  in  which  silica  unites  with  the  alkaline  and  other  oxydes  are  mo- 
dified by  the  temperature  as  above  stated;  the  lower  the  heat,  the  less  silica  will  enter 
into  the  glass,  and  the  more  of  the  base  will  in  general  be  required.  If  a  glass  which 
contains  an  excess  of  alkali  be  exposed  to  a  much  higher  temperature  than  that  of  its 
formation,  a  portion  of  the  base  will  be  set  free  to  act  upon  the  materials  of  the  earthen 
poi;,  or  to  be  dissipated  in  fumes,  until  such  a  silicate  remains  as  to  constitute  a  per- 
manent glass  corresponding  to  that  temperature.  Hence  the  same  mixture  of  vitrifiable 
materials  will  yield  very  different  results,  according  to  the  heats  in  which  it  is  fused  and 
worked  in  the  glass-house ;  and  therefore  the  composition  should  always  be  referrible  to 
the  going  of  the  furnace.  When  a  species  of  glass  which  at  a  high  temperature  formed 
a  transparent  combination  with  a  considerable  quantity  of  lime,  is  kept  for  some  time  in 
fusion  at  a  lower  temperature,  a  portion  of  the  lime  unites  with  the  silica  into  another 
combination  of  a  semi-vitreous  or  even  of  a  stony  aspect,  so  as  to  spoil  the  transparency 
of  the  glass  altogether.  There  is  probably  a  supersilicate  and  a  sub-silicate  formed  in 
such  cases  ;  the  latter  being  much  the  more  fusible  of  the  two  compounds.  The  Reau- 
mur's porcelain  produced  by  exposing  bottle  glass  to  a  red  heat  for  24  hours,  is  an  exam- 
ple of  this  species  of  vitreous  change,  in  which  new  affinities  are  exercised  at  a  lower 
temperature.  An  excess  of  silica,  caused  by  the  volatilization  of  alkaline  matter  with 
too  strong  firing,  will  bring  on  similar  appearances. 

The  specific  gravity  of  glass  varies  from  2-3  to  3-6.  That  of  least  specific  gravity  con- 
sists of  merely  silica  and  potash  fused  together ;  that  with  lime  is  somewhat  denser,  and 
with  oxyde  of  lead  denser  still.  Plate  glass  made  from  silica,  soda,  and  lime,  has  a  speci- 
fic gravity  which  varies  from  2-50  to  2-6  ;  crystal  or  flint  glass  from  3-0  to  3-6. 

The  power  of  glass  to  resist  the  action  of  water,  alkalis,  acids,  air,  and  light,  is  in 
general  the  greater,  the  higher  the  temperature  employed  in  its  manufacture,  the  smallei 
the  proportion  of  its  fluxes,  and  the  more  exact  the  equivalent  ratios  of  its  constituents. 
When  glass  contains  too  much  alkali,  it  is  partially  soluble  in  water.  Most  crystal  glass 
is  affected  by  having  water  boiled  in  it  for  a  considerable  time ;  but  crown  glass  being 
poorer  in  alkali,  and  containing  no  lead,  resists  that  action  much  longer,  and  is  therefore 
better  adapted  to  chemical  operations.  The  affinity  of  glass  for  water,  or  its  hygrometric 
attraction,  is  also  proportional  to  the  quantity  of  alkali  which  it  contains.  In  general 
also  potash  glass  is  more  apt  to  become  damp  than  soda  glass,  agreeably  to  the  respective 
hygrometric  properties  of  these  two  alkalis,  and  also  to  the  smaller  proportion  of  soda 
than  of  potash  requisite  to  form  glass. 

Air  and  light  operate  upon  glass  probably  by  their  oxydizing  property.  Bluish  or 
greenish  colored  glasses  become  by  exposure  colorless,  in  consequence  undoubt- 
edly of  the  peroxydizement  of  the  iron,  to  whose  protoxyde  they  owe  their  tint; 
other  glasses  become  purple  red  from  the  peroxydizement  of  the  gianganese.  The  glasses 
which  contain  lead,  suffer  another  kind  of  change  in  the  air,  if  sulphureted  hydrogen 
be  present ;  the  oxyde  of  lead  is  converted  into  a  sulphuret,  with  the  efl^ect  of  rendering 
the  surface  of  the  glass  opaque  and  iridescent.  The  more  lead  is  in  the  glass,  the 
quicker  does  this  iridescence  supervene.  By  boiling  concentrated  sulphuric  acid  in  a 
glass  vessel,  or  upon  glass,  we  can  ascertain  its  power  of  resisting  ordinary  men- 
strua. Good  glass  will  remain  smooth  and  transparent ;  bad  glass  will  become  rough 
and  dim. 

The  brittleness  of  unannealed  glass  by  change  of  temperature  is  sometimes  very 
great.  I  have  known  a  thick  vessel  to  fly  by  vicissitudes  of  the  atmosphere  alone.  This 
defect  may  be  corrected  by  slowly  heating  the  vessel  in  salt  water  or  oil  to  the  highest 
pitch  consistent  with  the  nature  of  these  liquids,  and  letting  it  cool  very  slowly.  Within 
the  limits  of  that  range  of  heat,  if  will,  in  consequence  of  this  treatment,  bear  alternations 
of  temperature  without  cracking  as  before. 

It  has  been  said  that  glass  made  from  silica  and  alkalis  alone  will  not  resist  the  action 
of  water,  but  that  the  addition  of  a  little  lime  is  necessary  for  this  effect.     In  general 


GLASS-MAKING.  581 

100  parts  of  quartzose  sand  require  33  parts  of  dry  carbonate  of  soda  for  their  vitrifica- 
tion, and  45  parts  of  dry  carbonate  of  potash.  But  to  make  unchangeable  alkaline  glass, 
especially  with  potash,  a  smaller  quantity  of  this  than  the  above  should  be  used,  with  a 
very  violent  heat.  A  small  proportion  of  lime  increases  the  density,  hardness,  and  lustre 
of  glass;  and  it  aids  in  decomposing  the  alkaline  sulphates  and  muriates  always  present 
in  the  pearlash  of  commerce.  From  7  to  20  parts  of  dry  slaked  lime  have  been  added 
for  100  of  silica,  with  advantge,  it  is  said,  in  some  German  glass  manufactories,  where 
Ihe  alkaline  matter  is  soda  ;  for  potash  does  not  assimilate  well  with  the  calcareous 
earth. 

In  many  glass  works  on  the  Continent,  sulphate  of  soda  is  the  form  under  which  alkaline 
matter  is  introduced  into  glass.  This  salt  requires  the  addition  of  8  per  cent,  of  char- 
coal to  decompose  and  dissipate  its  acid;  a  result  which  takes  place  at  a  high  heat,  with- 
out the  addition  of  any  lime.  88  pounds  of  quartz-sand,  44  pounds  of  dry  glauber  salt, 
and  3  pounds  of  charcoal,  properly  mixed  and  fused,  afford  a  limpid,  fluent,  and  workable 
glass  ;  with  the  addition  of  17  pounds  of  lime,  these  materials  fuse  more  readily  into  a 
plastic  mass.  If  less  carbon  be  added,  the  fusion  becomes  more  tedious.  The  two  follow- 
ing formulae  afford  good  glauber  salt  glass. 

1.  2. 

Sand 

Calcmed  sulphate  of  soda 

Lime      -....- 

Charcoal  ..... 

The  first  mixture  has  been  proved  in  the  looking-glass  manufactory  of  Neuhaus  near 
Vienna,  and  the  second  by  the  experiments  of  Kirn.  The  fusion  of  the  first  requires 
18,  of  the  second  21  hours.  The  bluish  green  tinge  which  these  otherwise  beautiful  and 
brilliant  glasses  possess,  is  not  removeable  by  the  ordinary  means,  such  as  manganese  or 
arsenic,  which  decolor  alkaline  glass.  When  the  sulphate  of  soda  and  charcoal  are  used 
in  smaller  proportions,  the  glass  becomes  more  colorless.  The  tinge  is  no  doubt  owing 
to  the  sulphur  combining  with  the  oxy'de  of  sodium,  in  some  such  way  as  in  the  pigment 
ultramarine. 

By  a  proper  addition  of  galena  (the  native  sulphuret  of  lead),  to  glauber  salt  and  quartz 
sand,  without  charcoal,  it  is  said  a  tolerably  good  crystal  glass  may  be  formed.  The 
sulphuric  acid  of  the  salt  is  probably  converted  by  the  reaction  of  the  sulphuret  of  lead 
into  sulphurous  acid  gas,  which  is  disengaged. 

One  atom  of  sulphuret  of  lead  =  1495-67,  is  requisite  to  decompose  3  atoms  of  sulphate 
of  soda  =  2676.      It  is  stated,  on  good  authority,  that  a  good  colorless  glass  may  be  ob- 
tained by  using  glauber  salt  without  charcoal,  as  by  the  following  formula. 
Quartz-sand     ....         100  pounds 
Calcined  glauber  sailt        -        -  24 

Lime 20 

Gullet  of  soda  glass  -        -  12 

The  melting  heat  must  be  continued  for  26|  hours.  A  small  quantity  of  the  sand  is 
reserved  to  be  thrown  in  towards  the  conclusion  of  the  process,  in  order  to  facilitate  the 
expulsion  of  air  bubbles.  The  above  mixture  will  bear  to  be  blanched  by  the  addition 
of  manganese  and  arsenic.  The  decomposition  of  the  salt  is  in  this  case  effected  by  the 
lime,  with  which  the  sulphuric  acid  first  combines,  is  then  converted  into  sulphurous  acid, 
and  dissipated.  Glass  made  in  this  way  was  found  by  analysis  to  consist  of  79  parts  of 
silica,  12  lime,  and  9*6  soda,  without  any  trace  of  gypsum  or  sulphuric  acid. 

Glauber  salt  is  partially  volatilized  by  the  heat  of  the  furnace,  and  acts  upon  the  arch 
of  the  oven  and  the  tops  of  the  pots.  This  is  best  prevented  by  introducing  at  first  into 
the  pots  the  whole  of  the  salt  mixed  with  the  charcoal,  the  lime,  and  one  fourth  part  of 
the  cand  ;  fusing  this  mixture  at  a  moderate  heat,  and  adding  gradually  afterwards  the 
remainder  of  the  sand,  increasing  the  temperature  at  the  same  time.  If  we  put  in  the 
whole  ingredients  together,  as  is  done  with  potash  glass,  the  sand  and  lime  soon  fall  to 
the  bottom,  while  the  salt  rises  to  the  surface,  and  the  combination  becomes  difficult  and 
unequal. 

Sulphate  of  potash  acts  in  the  same  way  as  sulphate  of  soda. 

Muriate  of  soda  also,  according  to  Kirn,  may  be  used  as  a  glass  flux  with  advantage. 
The  most  suitable  proportions  are  4  parts  of  potash,  2  of  common  salt,  and  3  of  lime, 
agreeably  to  the  following  compositions  : — 

1.  2. 

Quartz-sand 60-0  75-1 

Calcined  carbonate  of  potash       -        -  17*8  ,        19' 1 

Common  salt 8-9  9-5 

Lime 13-3  14-3 
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•  For  No.  1,  the  melting  heat  must  be  10  hours,  which  turns  out  a  very  pure,  solid,  goofl 
glass;  for  No.  2,  23  hours  of  the  furnace  are  required.  Instead  of  the  potash,  glauber 
salt  may  be  substituted;  the  proportions  being  then  19-1  glauber  salt,  9-5  muriate  of 
soda,  14-3  lime,  75-1  sand,  and  IS  charcoal. 

The  oxyde  of  lead  is'  an  essential  constituent  of  the  denser  glasses,  and  may  be  regard- 
ed as  replacing  the  lime,  so  as  to  form  with  the , quartz-sand  a  silicate  of  lead.  It  assimi- 
lates best  with  purified  pearlash,  on  account  of  the  freedom  of  this  alkali  from  iron, 
which  is  present  in  most  sodas. 

Its  atomac  constitution  may  be  represented  as  follows  -. — 


Silicic  acid        .        -        - 
Oxyde  of  Lead - 
Potash      -        .         -         - 
Oxydes  of  iron  and  manganese. 

5  atoms        =        2877- 
1                   =         1394-5 
1                  =          590-0 

4861-5 

Computation. 

Analysis. 

59-20 

28-20 

9-00 

1-40 

59-19 
28-68 
12-13 

100-00 

100-00 

The  above  analysis  by  Berthier  relates  to  a  specimen  of  the  best  English  crystal  glass, 
perfectly  colorless  and  free  from  air-bubbles.  This  kind  of  glass  may  however  take  sev- 
eral difl'erent  proportions  of  potash  and  silica  to  the  oxyde  of  lead. 

The  composition  of  mirror  plate,  as  made  on  the  Continent,  is  as  follows : — 
White  quartz-sand  --.---..         300  pounds 

Dry  carbonate  of  soda    -------.         100 

Lime  slaked  in  the  air    -------        -  43 

Cullet,  or  old  glass -         300 

The  manganese  should  not  exceed  one  half  per  cent,  of  the  weight  of  the  soda. 

Optical  glass  requires  to  be  made  with  very  peculiar  care.  It  is  of  two  different  kinds ; 
namely,  crown  glass  and  Jlint  glass.  The  latter  contains  a  considerable  proportion  of 
lead,  in  order  to  give  it  an  increased  dispersive  power  upon  the  rays  of  light,  in  propor- 
tion to  its  mean  refractive  power. 

Optical  crown  glass  should  be  perfectly  limpid,  and  have  so  little  color,  that  a  pretty 
thick  piece  of  it  may  give  no  appreciable  tinge  to  the  rays  of  light.  It  should  be  exempt 
from  striae  or  veins  as  well  as  air-bubbles,  and  have  not  the  slightest  degree  of  milkiness. 
It  should  moreover  preserve  these  qualities  when  worked  in  considerable  quantities. 
Potash  is  preferable  to  soda  for  making  optical  crown  glass,  because  the  latter  alkali  is 
apt  to  make  a  glass  which  devitrifies  and  becomes  opalescent,  by  long  exposure  to  heat 
in  tlie  annealing  process.  A  simple  potash  silicate  would  be  free  fiom  this  defect,  but  it 
would  be  too  attractive  of  moisture,  and  apt  to  decompose  eventually  by  the  humidity  of 
the  atmosphere.  It  should  Iherefoie  contain  a  small  quantity  of  lime,  and  as  little  potash 
as  suffices  for  making  a  perfect  ulass  at  a  pretty  high  temperature.  It  is  probably  owing 
to  the  high  heats  used  in  the  English  crown  glass  woiks,  and  the  moderate  quantity  of 
alkali  (soda)  which  is  employed,  that  our  crown  glass  has  been  found  to  answer  so  well 
for  optical  purposes. 

Practical  Details  of  the  Manufacture  of  Glass. 

The  Venetians  were  the  first  in  modern  times  who  attained  to  any  degree  of  excellence 
in  the  art  of  working  glass,  but  the  French  became  eventually  so  zealous  of  rivalling 
them,  particularly  in  the  construction  of  mirrors,  that  a  decree  was  issued  by  the  court 
of  France,  declaring  not  only  that  the  manufacture  of  glass  should  not  derogate  from  the 
dignity  of  a  nobleman,  but  that  nobles  alone  should  be  masters  of  glassworks.  Within 
the  last  30  or  forty  years.  Great  Britain  has  made  rapid  advances  in  this  important  art, 
and  at  the  present  day  her  pre-eminence  in  every  department  hardly  admits  of  dispute. 

There  are  five  different  species  of  glass,  each  requiring  a  peculiar  mode  of  fabrication, 
and  peculiar  materials  :  1.  The  coarsest  and  simplest  form  of  this  manufacture  is  bolile 
glass.  2.  Next  to  it  in  cheapness  of  material  may  be  ranked  broad  or  spread  window 
glass.  An  improved  article  of  this  kind  is  now  made  near  Birmingham,  under  the  name 
of  British  or  German  plate.  3.  Crown  glass  comes  next,  or  window  glass,  formed  in 
large  circular  plates  or  discs.  This  glass  is  peculiar  to  Great  Britain.  4.  Flint  glass, 
crystal  glass,  or  glass  of  lead.     5.  Plate  or  fine  mirror  glass. 

The  materials  of  every  kind  of  glass  are  vitrified  in  pots  made  of  a  pure  refractory 
clay  ;  the  best  kind  of  which  is  a  species  of  shale  or  slate  clay  dug  out  of  the  coal-form- 
ation near  Stourbridge.  It  contains  hardly  any  lime  or  iron,  and  consists  of  silica 
and  alumina  in  nearly  equal  proportions.  The  masses  are  carefully  picked,  brushed, 
and  ground  under  edge  iron  wheels  of  considerable  weight,  and  sifted  through  sieves 
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having  20  meshes  in  the  square  inch.  This  powder  is  moistened  with  water  (best  hot), 
and  kneaded  by  the  feet  or  a  loam-mill  into  a  uniform  smooth  paste.  A  large  body  of 
this  dough  should  be  made  up  at  a  time,  and  laid  by  in  a  damp  cellar  to  ripen.  Pre- 
viously to  working  it  into  shapes,  it  should  be  mixed  with  about  a  fourth  of  its  weight  of 
cement  of  old  pots,  ground  to  powder.  This  mixture  is  sufficiently  plastic,  and  being 
less  contractile  by  heat,  forms  more  solid  and  durable  vessels.  Glass-house  pots  have 
the  figure  of  a  truncated  cone,  with  the  narrow  end  undermost ;  those  for  bottle  and 
window-glass  being  open  at  top,  about  30  inches  diameter  at  bottom,  40  inches  at  the 
mouth,  and  40  inches  deep;  but  the  flint-glass  pots  are  covered  in  at  top  with  a  dome-cap, 
having  a  mouth  at  the  side,  by  which  the  materials  are  introduced,  and  the  glass  is  ex- 
tracted. Bottle  and  crown-house  pots  are  from  3  to  4  inches  thick;  those  for  flint-houses 
are  an  inch  thinner,  and  of  proportionally  smaller  capacity. 

The  well-mixed  and  kneaded  dough  is  first  worked  upon  a  board  into  a  cake  for 
the  bottom ;  over  this  the  sides  are  raised,  by  laying  on  its  edges  rolls  of  clay  above 
each  other  with  much  manual  labor,  and  careful  condensation.  The  clay  is  made 
into  lumps,  is  equalized,  and  slapped  much  in  the  same  way  as  for  making 
Pottery.  The  pots  thus  fashioned  must  be  dried  very  prudently,  first  in  the 
atmospheric  temperature,  and  finally  in  a  stove  floor,  which  usually  borrows  its  heat 
directly  from  the  glass-house.  Before  setting  the  pots  in  the  furnace,  they  are  annealed 
during  4  or  5  days,  at  a  red  heat,  in  a  small  reverberatory  vault,  made  on  purpose. 
When  completely  annealed,  they  are  transferred  with  the  utmost  expedition  into  their 
seat  in  the  fire,  by  means  of  powerful  tongs  supported  on  the  axle  of  an  iron-wheel 
carriage  frame,  and  terminating  in  a  long  lever  for  raising  them  and  swinging  them 
round.  The  pot-setting  is  a  desperate  service,  and  when  unskilfully  conducted  without 
due  mechanical  aids,  is  the  forlorn  hope  of  the  glass-founder. — Queeque  ipse  miserrima 
vidi.  The  celebrated  chemist,  Dr.  Irvine,  caught  his  last  illness  by  assisting  imprudently 
at  this  formidable  operation.  The  working  breast  of  the  hot  furnace  must  be  laid  bare 
so  as  to  open  a  breach  for  the  extraction  of  the  faulty  pot,  and  the  insertion  of  the  fresh 
one,  both  in  a  state  of  bright  incandescence.  It  is  frightful  to  witness  the  eyes  and 
fuming  visages  of  the  workmen,  with  the  blackening  and  smoking  of  their  scorched  wool- 
len clothes,  exposed  so  long  to  the  direct  radiations  of  the  flame.  A  light  mask  and  sack 
dress  coated  with  tinfoil,  would  protect  both  their  faces  and  persons  from  any  annoyance, 
at  a  very  cheap  rate. 

The  glass-houses  are  usually  built  in  the  form  of  a  cone,  from  60  to  100  feet  high, 
and  from  50  to  80  feet  in  diameter  at  the  base.  The  furnace  is  constructed  in  the  centre 
of  the  area,  above  an  arched  or  groined  gallery  which  extends  across  the  whole  space,  and 
terminates  without  the  walls,  in  large  folding  doors.  This  cavern  must  be  sufficiently  high 
to  allow  laborers  to  wheel  out  the  cinders  in  their  barrows.  The  middle  of  the  vaulted 
top  is  left  open  in  the  building,  and  is  covered  over  with  the  grate-bars  of  the  furnace, 

1.  Bo/tle  glass. — The  bottle-house  and  its  furnace  resemble  nearly  _^g.  50.5.  The  fur- 
nace is  usually  an  oblong  square  chamber,  built  of  large  fire-bricks,  and  arched  over  with 
fire-stone,  a  silicious  grit  of  excellent  quality  extracted  from  the  coal  measures  of  New- 
castle. This  furnace  stands  in  the  middle  of  the  area  ;  and  has  its  base  divided  into  three 
compartments.  The  central  space  is  occupied  by  the  grate-bars ;  and  on  either  side  is 
the  platform  or  fire-brick  siege  (seat),  raised  about  12  inches  above  the  level  of  the  ribs 
upon  which  the  pots  rest.     Each  siege  is  about  3  feet  broad. 

In  the  sides  of  the  furnace,  semi-circular  holes  of  about  a  foot  diameter  are  left  oppo- 
site to,  and  a  little  above  the  top  of  each  pot,  called  working  holes,  by  which  the  work- 
men shovel  in  the  materials,  and  take  out  the  plastic  glass.  At  each  angle  of  the  furnace 
there  is  likewise  a  hole  of  about  the  same  size,  which  communicates  with  the  calcining 
furnace  of  a  cylindrical  form,  dome-shaped  at  top.  The  flame  that  escapes  from  the  found- 
ing or  pot-furnace  is  thus  economically  brought  to  reverberate  on  the  raw  materials  of  the 
bottle-glass,  so  as  to  dissipate  their  carbonaceous  or  volatile  impurities,  and  convert  them 
into  a  frit.  A  bottle-house  has  generally  eight  other  furnaces  or  fire-arches ;  of  which 
six  are  used  for  annealing  the  bottles  after  they  are  blown,  and  two  for  annealing  the 
pots,  before  setting  them  in  the  furnace. 

The  laws  of  this  country  till  lately  prohibited  the  use  for  making  common  bottles  of 
any  fine  materials.  Nothing  but  the  common  river  sand,  and  soap-boilers'  waste,  was 
allowed.  About  3  parts  of  waste,  consisting  of  the  insoluble  residuum  of  kelp,  mixed 
with  lime  and  a  little  saline  substance,  were  used  for  1  part  of  sand.  This  waste  was  first 
of  all  calcined  in  two  of  the  fire  arches  or  reverberatories  reserved  for  that  purpose,  called 
the  coarse  arches,  where  it  was  kept  at  a  red  heat,  with  occasional  stirring,  from  24  to  30 
hours,  being  the  period  of  a  journey  or  journee,  in  which  the  materials  could  be  melted 
and  worked  into  bottles.  The  roasted  soap-waste  was  then  withdrawn,  under  the  name 
of  ashes,  from  its  arch,  coarsely  ground,  and  mixed  with  its  proper  proportion  of  sand. 
This  mixture  was  now  put  into  the  fine  arch,  and  calcined  during  the  working  jour- 
ney, which  extended  to  10  or  12  hours.     Whenever  the  pots  were  worked  out,  that  frit 
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was  immediately  transferred  into  them  in  its  ignited  state,  and  the  founding  process 
proceeded  with  such  despatch  that  this  first  charge  of  materials  was  completely  melted 
down  in  6  hours,  so  that  the  pots  might  admit  to  be  filled  up  again  with  the  second  charge 
of  frit,  which  was  founded  in  4  hours  more.  The  heat  was  briskly  continued,  and  in  the 
course  of  from  12  to  18  hours,  according  to  the  size  of  the  pots,  the  quality  of  the 
fuel,  and  the  draught  of  the  furnace,  the  vitrification  was  complete.  Before  blowing  the 
bottles,  however,  the  glass  must  be  left  to  settle,  and  to  cool  down  to  the  blowing  con- 
sistency, by  shutting  the  cave  doors  and  feeding  holes,  so  as  to  exclude  the  air  from  the 
fire-grate  and  the  bottom  of  the  hearth.  The  glass  or  metal  becomes  more  dense,  and 
by  its  subsidence  throws  up  the  foreign  lighter  earthy  and  saline  matters  in  the  form  of 
a  scum  on  the  surface,  which  is  removed  with  skimming  irons.  The  furnace  is  now 
charged  with  coal,  to  enable  it  to  aflbrd  a  working  heat  for  4  or  5  hours,  at  the  end  of 
which  time  more  fuel  is  cautiously  added,  to  preserve  adequate  heat  for  finishing  the 
journey. 

It  is  hardly  possible  to  convey  in  words  alone  a  correct  idea  of  the  manipulations  neces- 
sary to  the  formation  of  a  wine  bottle  ;  but  as  the  manufacturers  make  no  mystery  of  this 
matter,  any  person  may  have  an  opportunity  of  inspecting  the  operation.  Six  people  are 
employed  at  this  task  ;  one,  called  a  gatherer,  dips  the  end  of  an  iron  tube,  about  five  feet 
long,  previously  made  red-hot,  into  the  pot  of  melted  metal,  turns  the  rod  round  so  as  to 
surround  it  with  glass,  lifts  it  out  to  cool  a  little,  and  then  dips  and  turns  it  round  again ; 
and  so  in  succession  till  a  ball  is  formed  on  its  end  sufficient  to  make  the  required  bottle. 
He  then  hands  it  to  the  blower,  who  rolls  the  plastic  lump  of  glass  on  a  smooth  stone  or 
cast-iron  plate,  till  he  brings  it  to  the  very  end  of  the  tube ;  he  next  introduces  the 
pear-shaped  ball  into  an  open  brass  or  cast-iron  mould,  shuts  this  together  by  pressing  a 
pedal  with  his  foot,  and  holding  his  tube  vcrticallj',  blows  through  it,  so  as  to  expand  the 
cooling  glass  into  the  form  of  the  mould.  Whenever  he  takes  his  foot  from  the  pedal-lever, 
the  mould  spontaneously  opens  out  into  two  halves,  and  falls  asunder  by  its  bottom  hinge. 
He  ihen  lifts  the  bottle  up  at  the  end  of  the  rod,  and  transfers  it  to  the  finisher,  who, 
touchin?  the  glass  tube  at  the  end  of  the  pipe  with  a  cold  iron,  cracks  oft'  the  bottle 
smoothly  at  its  mouth-ring.  The  finished  bottles  are  immediately  piled  up  in  the  hot  an- 
nealing arch,  where  they  are  afterwards  allowed  to  cool  slowly  for  24  hours  at  least.  See 
Bottle  Mould. 

2.  Broad  or  spread  window-glass. — This  kind  of  glass  is  called  inferior  window-glass, 
in  this  country,  because  coarse  in  texture,  of  a  wavy  wtinkled  surface,  and  very  cheap, 
but  on  the  Continent  spread  window-glass,  being  made  with  more  care,  is  much 
better  than  ours,  though  still  far  inferior  in  transparency  and  polish  to  crown  glass, 
which  has,  therefore,  nearly  superseded  its  use  among  us.  But  Messrs.  Chance  and 
Hartley,  of  West  Bromwich  near  Birmingham,  have  of  late  years  mounted  a  spread-glass 
work,  where  they  make  British  sheet  glass,  upon  the  best  principles,  and  turn  out  an  ar- 
ticle quite  equal,  if  not  superior,  to  anything  of  the  kind  made  either  in  France  or  Bel- 
gium. Their  materials  are  those  used  in  the  crown-glass  manufacture.  The  vitrifying 
mixture  is  fritted  for  20  or  30  hours  in  a  reverberatory  arch,  with  considerable  stirring 
and  puddling  with  long-handled  shovels  and  rakes;  and  the  frit  is  then  transferred  by 
shovels,  while  red  hot,  to  the  melting  pots  to  be  founded.  When  the  glass  is  rightly 
vitrified,  settled,  and  brought  to  a  working  heat,  it  is  lifted  out  by  iron  tubes,  as  will  be 
described  under  the  article  Crown  Glass,  blown  into  pears,  which  being  elongated 
into  cylinders,  are  cracked  up  along  one  side,  parallel  to  the  axis,  by  touching  them  with 
a  cold  iron  dipped  in  water,  and  are  then  opened  out  into  sheets.  Glass  cylinders 
are  spread  in  France,  and  at  West  Bromwich,  on  a  bed  of  smooth  stone  Paris-plaster, 
or  laid  on  the  bottom  of  a  reverberatory  arch;  the  cylinder  being  placed  on  its  side 
horizontally,  with  the  cracked  line  uppermost,  gradually  opens  out,  and  flattens  on  the 
hearth.  At  one  time,  thick  plates  were  thus  prepared  for  subsequent  polishing  into  mir- 
rors ;  but  the  glass  was  never  of  very  good  quality  ;  and  this  mode  of  making  mirror-plate 
has  accordingly  been  generally  abandoned. 

The  spreading  furnace  or  oven  is  that  in  which  cylinders  are  expanded  into  tables  or 
plates.  It  ought  to  be  maintained  at  a  brisk  red  heat,  to  facilitate  the  softening  of  the 
glass.  The  oven  is  placed  in  immediate  connexion  with  the  annealing  arch,  so  that  the 
tables  may  be  readily  and  safely  transferred  from  the  former  to  the  latter.  Sometimes 
the  cylinders  are  spread  in  a  large  muffle  furnace,  in  order  to  protect  them  from  being 
tarnished  by  sulphureous  and  carbonaceous  fumes. 

Fig.  500  represents  a  ground  plan  of  both  the  spreading  and  annealing  furnace ;  fig. 
501  is  an  oblong  profile  in  the  direction  of  the  dotted  line  x  ^,fig.  500. 

a  is  the  fire-place ;  b  b  the  canals  or  flues  through  which  the  flame  rises  into  both 
furnaces;  c  the  spreading  furnace,  upon  whose  sole  is  the  spreading  slab,  d  is  the  cool- 
ing and  annealing  oven ;  e  e  iron  bars  which  extend  obliquely  across  the  annealing  arch, 
and  serve  for  resting  the  glass  tables  against,  during  the  cooling.  /  /  the  channel 
along  which  the  previously  cracked  cylinders  are  slid,  so  as  to  be  gradually  warmed ; 
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g  the  opening  in  the  spreading  furnace,  for  enabling  the  workmen  to  regulate  the  pro- 
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cess ;  h  a  door  in  the  annealing  arch,  for  introducing  the  tools  requisite  for  raising  up 
and  removing  the  tables. 

In  forming  glass-plates  by  the  extension  of  a  cylinder  into  a  plane,  the  workman  first 
blows  the  lump  of  glass  into  the  shape  of  an  oblong  pear,  the  length  of  which  must  be 
nearly  equal  to  the  length  of  the  intended  plate,  and  its  diameter  such,  that  the  circum- 
ference, when  developed,  will  be  equal  to  the  breadth  of  the  plate.  He  now  rests  the 
blowing  iron  on  a  stool  or  iron  bar,  while  an  assistant,  with  a  pointed  iron,  pierces  a  hole 
into  the  extreme  end  of  the  pear,  in  the  line  of  the  blowing-pipe.  This  opening  is  then 
enlarged,  by  introducmg  the  blade  of  a  pair  of  spring-tongs,  while  the  glass  is  turned 
round ;  and  by  skilful  management,  the  end  of  the  pear  is  eventually  opened  out  into  a 
cylindrical  mouth.  The  workman  next  mounts  upon  a  stool,  and  holds  the  blowing-iron 
perpendicularly.  The  blown  cylinder  is  now  cracked  off,  a  punto  rod  of  iron  having  been 
previously  stuck  to  its  one  end,  to  form  a  spindle  for  working  the  other  by.  This  rod  has 
a  flat  disc  on  its  end,  or  three  prongs,  which  being  dipped  in  melted  glass,  are  applied  to 
the  moutii  of  the  cylinder.  By  this  as  a  handle,  the  glass  cone  is  carried  to  the  fire,  and 
the  narrow  end  being  heated,  is  next  opened  by  spring  tongs,  and  formed  into  a  cylinder 
of  the  same  size  as  the  other  end.  The  cylinder,  thus  equalized,  is  next  cracked  or  slit 
down  in  its  side  with  a  pair  of  shears,  laid  on  a  smooth  copper  plate,  detached  from  the 
iron  rod,  spread  out  by  heat  into  a  plane  surface,  and  finally  annealed.  This  series  of 
transformations  is  represented  in  fig.  502,  at  a,  b,  c,  d,  e,  f,  g,  h. 

Figs.  503  and  504  represent  a  Bohemian  furnace  in  which  excellent  white  window 
glass  is  founded.  Fig.  503  is  a  longitudinal  section  of  the  glass  and  annealing  furnace. 
Fig.  504  is  the  ground  plan,  a  is  the  ash-pit  vaulted  under  the  sole  of  the  furnace  ;  the 
fire-place  itself  is  divided  into  three  compartments  ;  with  a  middle  slab  at  d,  which  is  hol- 
lowed in  the  centre,  for  collecting  any  split  glass,  and  two  hearth  tiles  or  slabs  b  b.     c  c 

are  the  draught  or  air  holes  ;  e  e  are 
arches  upon  which  the  bearing  slabs 
//  partly  rest.  In  the  middle  be- 
tween these  arches,  the  flame  strikes 
upwards  upon  the  pots  g  g,  placed 
as  closely  together  as  possible,  for 
economy  of  room,  h  is  the  breast 
wall  of  the  furnace  ;  i,fig.  504,  the 
opening  through  which  the  pots  are 
introduced ;  it  is  bricked  up  as  soon 
as  they  are  set.  k  k,  is  the  base  of 
the  cone  or  dome  of  the  furnace ; 
III,  the  working  orifices,  which 
are  made  larger  or  smaller  accord- 
ing to  the  size  of  the  glass  articles 
to  be  made,  m  is  the  flue  which 
leads  to  the  annealing  stove  n,  with 
an  arched  door.  Exterior  to  this, 
there  is  usually  a  drying  kiln  not 
shown  in  the  figure  ;  and  there  are 
adjoining  stoves  called  arches,  for 
drying  and  annealing  the  new  pots  before  they  are  set. 

The  cooling  or  annealing  arch,  or  leer,  is  often  built  independent  of  the  glass-house 
furnace,  is  then  heated  by  a  separate  fire-place,  and  constructed  like  a  very  long  rever- 
beratory  furnace.     See  Copper. 

The  leer  pans  or  trays  of  sheet-iron,  are  laid  upon  its  bottom  in  an  oblong  series,  and 
hooked  to  each  other. 

3.  Crown-glass. — The  crown-glass  house  with  its  furnace  is  represented  in  fig.  505, 
where  the  blowing  operation  is  shown  on  the  one  side  of  the  figure,  and  the  flashing  on 
the  other.  The  furnace  is  usually  constructed  to  receive  4  or  6  pots,  of  such  dimen- 
sions as  to  make  about  a  ton  of  glass  each  at  a  time.    There  are,  however,  several  sub- 
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sidiary  furnaces  to  a  crown-house. 


1.  A  reverberatory  furnace  or  calcar,  for  calcining  or 
fritting  the  materials ;  2.  a  blow- 
ing furnace,  for  blowing  the  pear- 
shaped  balls,  made  at  the  pot- 
holes, into  large  globes ;  3.  a 
flashing  furnace,  and  bottoming 
hole  for  communicating  a  soften- 
ing heat,  in  expanding  the  globe 
into  a  circular  plate ;  4.  the 
annealing  arch  for  the  finished 
tables ;  5.  the  reverberatory  oven 
for  annealing  the  pots  prior  to 
their  being  set  upon  the  founding 
siege. 

The  materials  of  crown  glass 
used  to  be,  fine  sand,  by  measure 
5  parts,  or  by  weight  10 ;  ground 
kelp  by  measure  11  parts,  or  by 
weight  Itjj;  but  instead  of  kelp, 
soda  ash  is  now  generally  employed. 
From  6  to  8  cwts.  of  sand,  lime, 
and  sodaash,  mixed  together  in 
wooden  boxes  with  a  shovel,  are  thrown  on  the  sole  of  a  large  reverberatory,  such  as  is 
represented  in  the  article  Copper.  Here  the  mixture  is  well  worked  together,  with  iron 
paddles,  flat  shovels,  and  rakes  with  long  handles ;  the  area  of  this  furnace  being  about 
6  feet  square,  and  the  height  2  feet.  The  heat  soon  brings  the  materials  to  a  pasty  con- 
sistence, when  they  must  be  diligently  turned  over,  to  favor  the  dissipation  of  the  carbon, 
sulphur,  and  other  volatile  matters  of  the  kelp  or  soda  ash,  and  to  incorporate  the  fixed 
ingredients  uniformly  with  the  sand.  Towards  the  end  of  three  hours,  the  fire  is  con- 
siderably raised,  and  when  the  fourth  hour  has  expired,  the  fritting  operation  is  finished. 
The  mass  is  now  shovelled  or  raked  out  into  shallow  cast-iron  square  cases,  smoothed 
down,  and  divided,  before  it  hardens  by  cooling,  into  square  lumps,  by  cross  sections  with 
the  spade.  These  frit-bricks  are  afterwards  piled  up  in  a  large  apartment  for  use;  and 
have  been  supposed  to  improve  with  age,  by  the  efflorescence  of  their  saline  constituents 
into  carbonate  of  soda  on  their  surface. 

The  founding-pots  are  filled  up  with  these  blocks  of  frit,  and  the  furnace  is  powerfully 
urged  by  opening  all  the  subterranean  passages  to  its  grate,  and  closing  all  the  doors 
and  windows  of  the  glass-house  itself  After  8  or  10  hours  the  vitrification  has  made 
such  progress,  and  the  blocks  first  introduced  are  so  far  melted  down,  that  another  charge 
of  frit  can  be  thrown  in,  and  thus  the  pot  is  fed  with  frit  till  the  proper  quantity  is  used. 
In  about  16  hours  the  vitrification  of  the  frit  has  taken  place,  and  a  considerable  quanti- 
ty, amounting  often  to  the  cwt.  of  liquid  saline  matter,  floats  over  the  glass.  This  salt  is 
carefully  skimmed  off  into  iron  pots  with  long  ladles.  It  is  called  Sandiver  or  Glass-gall, 
and  consists  usually  of  muriate  of  soda,  with  a  little  sulphate.  The  pot  is  now  ready  for 
receiving  the  topping  of  cullet,  which  is  broken  pieces  of  window  glass,  to  the  amount  of 
3  or  4  cwts.  This  is  shovelled  in  at  short  intervals;  and  as  its  pressure  forces  up  the 
residuary  saline  matter,  this  is  removed;  for  were  it  allowed  to  remain,  the  body  of  the 
glass  would  be  materially  deteriorated. 

The  heat  is  still  continued  for  several  hours  till  the  glass  is  perfect,  and  the  extrication 
of  gas  called  the  boil,  which  accompanies  the  fusion  of  crown  glass,  has  nearly  terminated, 
when  the  fire  is  abated,  by  shutting  up  the  lower  vault  doors  and  every  avenue  to  the 
graie,  in  order  that  the  glass  may  settle  fine.  At  the  end  of  about  40  hours  altogether, 
the  fire  being  slightly  raised  by  adding  some  coals,  and  opening  the  doors,  the  glass  is 
carefully  skimmed,  and  the  working  of  the  pots  commences. 

Before  describing  it,  however,  we  may  state   that  the  marginal  figure  506  shows  the 
506  base  of  the  crown-house  cone,  with  the 

four  open  pots  in  two  ranges  on  opposite 
sides  of  the  furnace,  sitting  on  their  raised 
sieges,  at  each  side  of  the  grate.  At  one 
side  of  the  base  the  door  of  the  vault  is 
shown,  and  its  course  is  marked  by  the 
dotted  lines. 

Detailed  description  of  the  crown-glass  furnace,  figs.  507,  508. — It  is  an  oblong  square, 
built  in  the  centre  of  a  brick  cone,  large  enough  to  contain  within  it,  two  or  three  pots 
at  each  side  of  the  grate  room,  which  is  either  divided  as  shown  in  the  plan,  or  runs  the 
whole  length  of  the  furnace,  as  the  manufacturer  chooses.  Fig.  507  is  a  ground  plan,  an-I 
fig.  508  a  front  elevation,  of  a  six-pot  furnace.     1,  2,  3,  fig.  507,  are  the  working  holes 


GLASS-MAKING. 


58Y 


for  the  purposes  of  ventilation,  of  putting  in  the  materials,  and  of  taking  out  the  metal 
to  be  wrought.  4,  5,  6,  7,  are  pipe  holes  for  warming  the  pipes  before  beginning  to  work 
with  them.  8,  9,  10,  are  foot  holes  for  mending  the  pots  and  sieges.  11  is  a  bar  of  iron 
for  binding  the  furnace,  and  keeping  it  from  swelling. 


^'^^^^^^^^^i 
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The  arch  is  of  an  elliptic  form;  though  a  barrel  arch, that  is,  an  arch  shaped  like  the 
half  of  a  barrel  cut  longwise  through  the  centre,  is  sometimes  used.  But  this  soon  gives 
way  when  used  in  the  manufacture  of  crown  glass,  although  it  does  very  well  in  the  clay- 
furnace  used  for  bottle  houses. 

The  best  stone  for  building  furnaces  is  fire-stone,  from  Coxgreen  in  the  neighbor- 
hood of  Newcastle.  lis  quality  is  a  close  grit,  and  it  contains  a  greater  quantity  of 
talc  than  the  common  fire-stone,  which  seems  to  be  the  chief  reason  of  its  resisting  the 
fire  better.  The  great  danger  in  building  furnaces  is,  lest  the  cement  at  the  top  should 
give  way  wiih  the  excessive  heat,  and  by  dropping  into  the  pots,  spoil  the  metal.  The  top 
should  therefore  be  built  with  stones  only,  as  loose  as  they  can  hold  together  after  the  Cen- 
tres ai-e  removed,  and  without  any  cement  whatever.  The  stones  expand  and  come  quite 
close  together  when  annealing  ;  an  operation  which  takes  from  eight  to  fourteen  days  at 
most.     There  is  thus  less  risk  of  any  thing  dropping  from  the  roof  of  the  furnace. 

The  inside  of  the  square  of  the  furnace  is  built  either  of  Stourbridge  fire-clay  annealed, 
or  the  Newcastle  fire-stone,  to  the  thickness  of  sixteen  inches.  The  outside  is  built  of 
common  brick  about  nine  inches  in  thickness. 

The  furnace  is  thrown  over  an  ash-pit,  or  cave,  as  it  is  called,  which  admits  the  atmo- 
spheric air,  and  promotes  the  combustion  of  the  furnace.  This  cave  is  built  of  stone 
until  it  comes  beneath  the  grate  room,  when  it  is  formed  of  fire-brick.  The  abutments 
are  useful  for  binding  and  keeping  the  furnace  together,  and  are  built  of  masonry.  The 
furnaces  are  stoutly  clasped  with  iron  all  round,  to  keep  them  tight.  In  four-pot  furnaces 
this  is  unnecessary,  provided  there  be  four  good  abutments. 

Fig.  509  is  an  elevation  of  the  flasliing  furnace.  The  outside  is  built  of  common  brick, 
the  inside  of  fire-brick,  and  the  mouth  or  nose  of  Stourbridge  fire-clay. 

Fig.  510  is  the  annealing  kiln.  It  is  built  of  common  brick,  except  round  the  grate 
room,  where  fire-brick  is  used. 

Few  tools  are  needed  for  blowing  and  flashing  crown-glass.  The  requisite  ball  of 
plastic  glass  is  gathered,  in  successive  layers  as  for  bottles,  on  the  end  of  an  iron  tube,  and 
rolled  into  a  pear-shape,  on  a  cast-iron  plate ;  the  workman  taking  care  that  the  air 
blown  into  its  cavity  is  surrounded  with  an  equal  body  of  glass,  and  if  he  perceives  any 
side  to  be  thicker  than  another,  he  corrects  the  inequality  by  rolling  it  on  the  sloping 
iron  table  called  marver,  (marbre).    He  now  heats  the  bulb  in  the  fire,  and  rolls  it  so  as 
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to  form  the  glass  upon  the  end  of  the  tube,  and  by  a  dexterous  swing  or  two  he 
lengthens  it,  as  shown  in  i,  fig.  511.  To  extend  the  neck  of  that  pear,  he  next  rolls  it 
over  a  smooth  iron  rod,  turned  round  in  a  horizontal  direction,  into  the  shape  K,fig.  511. 
By  further  expansion  at  the  blowing-furnace,  he  now  brings  it  to  the  shape  l,  repre- 
sented in  fig.  511.  * 

510  I        K       L      511 

509 


This  spheroid  having  become  cool  and  somewhat  stiff,  is  next  carried  to  the  bottoming 
hole  (like  fig.  509),  to  be  exposed  to  the  action  of  flame.  A  slight  wall  erected  before 
one  half  of  this  hole,  screens  the  workman  from  the  heat,  but  leaves  room  for  the  globe  to 
pass  between  it  and  the  jiosterior  wall.  The  blowing-pipe  is  made  to  rest  a  little  way  from 
the  neck  of  the  globe,  on  a  hook  fixed  in  the  front  wall ;  and  thus  may  be  made  easily  to  re- 
volve on  its  axis,  and  by  giving  centrifugal  force  to  the  globe,  while  the  bottom  of  it,  or 
part  opposite  to  the  pipe,  is  softened  by  the  heat,  it  soon  assumes  the  form  exhibited  in 
u,  fig.  511. 

In  this  stale  the  flattened  globe  is  removed  from  the  fire,  and  its  rod  being  rested  on 
the  casherbox  covered  with  coal  cinders,  another  workman  now  applies  the  end  of  a  solid 
iron  rod  tipped  with  melted  glass,  called  a  punto,  to  the  nipple  or  prominence  in  the 
middle ;  and  thus  attaches  it  to  the  centre  of  the  globe,  while  the  first  workman  cracks 
olT  the  globe  by  touching  its  tubular  neck  with  an  iron  chisel  dipped  in  cold  water.  The 
workman  having  thereby  taken  possession  of  the  globe  by  its  bottom  or  knobbed  pole 
attached  to  his  punty  rod,  he  now  carries  it  to  another  circular  opening,  where  he  exposes 
it  to  the  action  of  moderate  flame  with  regular  rotation,  and  thus  slowly  heats  the  thick 
projecting  remains  of  the  former  neck,  and  opens  it  slightly  out,  as  shown  at  n,  in 
fig.  511.  He  next  hands  it  to  the  flasher,  who,  resting  the  iron  rod  in  a  hook  placed 
near  the  side  of  the  orifice  A,  fig.  509,  wheels  it  rapidly  round  opposite  to  a  powerful 
flame,  till  it  assumes  first  the  figure  o,  and  finally  that  of  a  flat  circular  lable. 

The  flasher  then  walks  off  with  the  table,  keeping  up  a  slight  rotation  as  he  moves 
along,  and  when  it  is  sufficiently  cool,  he  turns  down  his  rod  into  a  vertical  position, 
and  lays  the  table  flat  on  a  dry  block  of  fire-clay,  or  bed  of  sand,  when  an  assistant 
nips  it  off  from  the  punto  with  a  pair  of  long  iron  shears,  or  cracks  it  off  with  a  touch 
of  cold  iron.  The  loose  table  or  plate  is  lastly  lifted  up  horizontally  on  a  double  pronged 
iron  fork,  introduced  into  the  annealing  arch  _/ig.  510.and  raised  on  edge;  an  assistant  with 
a  long-kneed  fork  preventing  it  from  falling  too  rapidly  backwards.  In  this  arch  a  great 
many  tables  of  glass  are  piled  up  in  iron  frames,  and  slowly  cooled  from  a  heat  of  about 
600°  to  100°  F.,  which  takes  about  24  hours;  when  they  are  removed.  A  circular  plate 
or  table  of  about  5  feet  diameter  weighs  on  an  average  9  pounds. 

4.  Flint  glass. — This  kind  of  glass  is  so  called  because  originally  made  with  calcined 
flints,  as  the  silicious  ingredient.  The  materials  at  present  employed  in  this  country 
for  the  finest  flint  glass  or  crystal,  are  first,  Lynn  sand,  calcined,  sifted,  and  washed  ; 
second,  an  oxyde  of  lead,  either  red  lead  or  litharge;  and  third,  pearlash.  The  pearl- 
ash  of  commerce  must  however  be  purified  by  digesting  it  in  a  very  little  hot  water, 
which  dissolves  the  carbonate  of  potash,  and  leaves  the  foreign  salts,  chiefly  sulphate  of 
potash,  muriate  of  potash,  and  muriate  of  soda.  The  solution  of  the  carbonate  being 
allowed  to  cool  and  become  clear  in  lead  pans,  is  then  run  off  into  a  shallow  iron  boiler, 
and  evaporated  to  dryness.  Nitre  is  generally  added  as  a  fourth  ingredient  of  the  body 
of  the  glass ;  and  it  serves  to  correct  any  imperfections  which  might  arise  from 
accidental  combustible  particles,  or  from  the  lead  being  not  duly  oxydized.  The  above 
four  substances  constitute  the  main  articles ;  to  which  we  may  add  arsenic  and  man- 
ganese, introduced  in  very  small  quantities,  to  purify  the  color  and  clear  up  the 
transparency  of  the  glass.  The  black  oxyde  of  manganese,  when  used  in  such  quantity 
only  as  to  peroxydize  the  iron  of  the  sand,  simply  removes  the  green  tinge  caused  by  the 
iron ;  but  if  more  manganese  be  added  than  accomplishes  that  purpose,  it  will  give  a 
purple  tinge  to  the  glass ;  and  in  fact,  most  manufacturers  prefer  to  have  an  excess 
rather  than  a  defect  of  mansanese,  since  cut  glass  has  its  brilliancy  increased  by  a  faint 
lilach  hue.  The  arsenic  is  supposed  to  counteract  the  injury  arising  from  excess  of  man- 
ganese, but  is  itself  very  apt  on  the  other  hand  to  communicate  some  degree  of  opalescence. 
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or  at  least,  to  impair  the  lustre  of  the  glass.  When  too  much  manganese  has  been 
added,  the  purple  tinge  may  indeed  be  removed  by  any  carbonaceous  matter,  as  by 
thrusting  a  wooden  rod  down  into  the  liquid  glass ;  but  this  cannot  be  done  with  good 
effect  in  practice,  since  the  final  purple  tinge  is  not  decided  till  the  glass  is  perfectly 
formed,  and  then  the  introduction  of  charcoal  would  destroy  the  uniformity  of  the  whole 
contents  of  the  pot. 

The  raw  materials  of  flint  glass  are  always  mixed  with  about  a  third  or  a  fourth  of 
their  weight  of  broken  crystal  of  like  quality;  this  mixture  is  thrown  into  the  pot 
with  a  shovel ;  and  more  is  added  whenever  the  preceding  portions  by  melting  subside ;  the 
object  being  to  obtain  a  pot  full  of  glass,  to  facilitate  the  skimming  off  the  impurities 

and  sandiver.  The  mouth  of  the  pot 
is  now  shut,  by  applying  clay-lute  round 
the  stopper,  with  the  exception  of  a 
small  orifice  below,  for  the  escape  of 
the  liquid  saline  matter.  Flint  glass 
requires  about  48  hours  for  its  complete 
vitrification,  though  the  materials  be 
more  fusible  than  those  of  crown  glass ; 
in  consequence  of  the  contents  of  the 
pot  being  partially  screened  by  its  cover 
from  the  action  of  the  fire,  as  also  from 
the  lower  intensity  of  the  heat. 

Fig.  512  represents  a  flint  glass 
house  for  6  pots,  with  the  arch  or  leer 
on  one  side  for  annealing  the  crystal 
ware.  In  fig.  513,  the  base  of^  the 
cone  is  seen,  and  the  glass  pots  in  situ 
on  their  platform  ranged  round  the  cen- 
tral fire  grate.  The  dotted  line  denotes 
the  contour  of  the  furnace,  _^g.  512. 

Whenever  the  glass  appears  fine, 
and  is  freed  from  its  air  bubbles,  which 
it  usually  is  in  about  36  hours,  the 
heat  is  suffered  to  fall  a  little  by  closing 
the  bottom  valves,  &c.,  that  the  pot 
may  settle  ;  but  prior  to  working  the 
metal  the  heat  is  somewhat  raised  again. 
It  would  be  useless  to  describe  the 
manual  operations  of  fashioning  the 
various  articles  of  the  flint-glass  manufacture,  because  they  are  indefinitely  varied  to  suit 
the  conveniences  and  caprices  of  human  society. 

Every  different  flint-house  has  a  peculiar  proportion  of  glass  materials, 
have  been  offered  as  good  practical  mixtures. 

1.  Fine  white  sand      ------ 

Red  lead  or  litharge  .  .  -  -  - 

Refined  pearlashes  .  .  .  -  - 

Nitre  ...---- 

Arsenic  and  manganese,  a  minute  quantity. 

In  my  opinion,  the  proportion  of  lead  is  too  great  in  the  above  recipe,  which  is  given 
on  the  authority  of  Mr.  James  Geddes,  of  Leith.  The  glass  made  with  it  would  be 
probably  yellowish  and  dull. 

2.  Fine  sand  -  -  -  .  -  .  -  -  50*5 
Litharge  ---..---  27-2 
Refined  pearlashes  (carbonate  of  potash,  with  5  per  cent,  of  water)  17-5 
Nitre        ........  4-8 
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The  following 

300  parts. 
200 

80 

20 


100-0 
To  these  quantities  from  30  to  50  parts  of  broken  glass  or  cullet  are  added ;  with  about 
a  two-thousandth  part  of  manganese,  and  a  three-thousandth  part  of  arsenic.     But  man- 
ganese varies  so  extremely  in  its  purity,  and  contains  often  so  much  oxyde  of  iron,  that 
nothing  can  be  predicated  as  to  its  quantity  previously  to  trial. 

M.  Payen,  an  eminent  manufacturing  chemist  in  France,  says  that  the  composition  of 
crystal  does  not  deviate  much  from  the  following  proportions  : — 

Wood  fixe.  Coal  fire. 

Silicious  sand     -        ...        -        3  3 

Minium 2  2J 

Carbonate  of  potash  -        .        .        -        IJ  If 
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I  conceive  that  this  glass  contains  too  much  lead  and  potash.  Such  a  mixture  will  prc-- 
duce  a  dull  metal,  very  attractive  of  moisture ;  defects  to  which  the  French  crown-glass 
also  is  subject. 

The  flint-glass  ker  for  annealing  glass,  is  an  arched  gallery  or  large  flue,  about  36  feet 
long,  3  feet  high,  4  wide  ;  having  its  floor  raised  above  2  feet  above  the  ground  of  the 
glass-house.  The  hot  air  and  smoke  of  a  lire-place  at  one  end  pass  along  this  gallery, 
and  are  discharged  by  a  chimney  8  or  10  feet  short  of  the  other  end.  On  the  floor  of  the 
vault,  large  iron  trays  are  laid  and  hooked  to  each  other  in  a  series,  which  are  drawn  from 
the  fire  end  towards  the  other  by  a  chain,  wound  about  a  cylinder  by  a  winch-handle  pro- 
jecting through  the  side.  The  flint-glass  articles  are  placed  in  their  hot  state  into  the 
tray  next  the  fire,  which  is  moved  onwards  to  a  cooler  station  whenever  it  is  filled,  and 
an  empty  tray  is  set  in  its  place.  Thus,  in  the  course  of  about  20  hours,  the  glass  ad- 
vances to  the  cool  end  thoroughly  annealed. 

Besides  colorless  transparent  glass,  which  forms  the  most  important  part  of  this 
manufacture,  various  colored  glasses  are  made  to  suit  the  taste  of  the  public.  The 
taste  at  Paris  was  lately  for  opaline  crystal ;  which  may  be  prepared  by  adding  to  the 
above  composition  (No.  2)  phosphate  of  lime,  or  well  burnt  bone  ash  in  fine  powder, 
washed  and  dried.  The  article  must  be  as  uniform  in  thickness  as  possible,  and 
speedily  worked  into  shape,  with  a  moderate  heat.  Oxyde  of  tin,  putty,  was  formerly 
used  for  making  opalescent  glass,  but  the  lustre  of  the  body  was  always  impaired  by  its 
means. 

Crystal  vessels  have  been  made  recently  of  which  ihe  inner  surface  is  colorless,  and  all 
the  external  facets  colored.  Such  works  are  easily  executed.  The  end  of  the  blowing- 
rod  must  be  dipped  first  in  the  pot  containing  colorless  glass,  to  form  a  bulb  of  a  certain 
size,  which  being  cooled  a  little  is  then  dipped  for  an  instant  into  the  pot  of  colored  glass. 
The  two  layers  are  associated  without  intermixture;  and  when  the  article  is  finished  in 
its  form,  it  is  white  within  and  colored  without.  Fluted  lines,  somewhat  deeply  cut,  pass 
through  the  colored  coat,  and  enter  the  colorless  one ;  so  that  when  they  cross,  their  ends 
alone  are  colored. 

For  some  time  past,  likewise,  various  crystal  articles  have  been  exhibited  in  the  market 
with  colored  enamel-figures  on  their  surface,  or  with  white  incrustations  of  a  silvery 
lustre  in  their  interior.  The  former  are  prepared  by  placing  the  enamel  object  in  the 
brass  mould,  at  the  place  where  it  is  sought  to  be  attached.  The  bulb  of  glass  being  put 
into  the  mould,  and  blown  while  very  hot,  the  small  plate  of  enamel  gets  cemented  to  the 
surface.  For  making  the  white  argentine  incrustations,  small  figures  are  prepared  with 
an  impalpable  powder  of  dry  porcelain  paste,  cemented  into  a  solid  by  means  of  a  little 
gypsum  plaster.  When  these  pieces  are  thoroughly  dried,  they  are  laid  on  the  ?lass 
while  it  is  red  hot,  and  a  large  patch  of  very  liquid  glass  is  placed  above  it,  so  as  to  encase 
it  and  form  one  body  wiih  the  whole.  In  this  way  the  incrustation  is  completely  enclosed; 
and  the  polished  surface  of  the  crystal,  which  scarcely  touches  it,  gives  a  brilliant  aspect, 
pleasing  to  the  eye. 

A  uniform  flint-glass,  free  from  striae,  or  wreath,  is  much  in  demand  for  the  optician. 
It  would  appear  that  such  an  article  was  much  more  commonly  made  by  the  English 
manufacturers  many  years  ago,  than  at  present ;  and  that  in  improving  the  brilliancy  of 
crystal-glass  they  have  injured  its  fitness  for  constructing  optical  lenses,  which  depends 
not  so  ti^uch  on  its  whiteness  and  lustre  as  on  the  layers  of  difi'eri'nt  densities  being  parallel 
to  each  other.  The  oxyde  of  lead  existing  in  certain  parts  of  a  potful  of  glass  in  greater 
proportion  than  in  other  parts,  increases  the  density  unequally  in  the  same  mass,  so  that 
the  adjoining  strata  are  often  very  ditferent  in  this  respect.  Even  a  potful  of  pretty 
■uniform  glass,  when  it  stands  some  time  liquid,  becomes  eventually  unequable  by  the  sub- 
sidence of  the  denser  portions;  so  that  striae  and  gelatinous  appearances  begin  to  manifest 
•themselves,  and  the  glass  becomes  of  little  value.  Glass  allowed  to  cool  slowly  in  mass  in 
the  pot  is  particularly  fullof  wreath  ;  and  if  quickly  refrigerated,  that  is,  in  two  or  three 
hours,  it  is  apt  to  split  into  a  multitude  of  minute  splinters,  of  which  no  use  can  be  made. 
For  optical  purposes,  the  glass  must  be  taken  out  in  its  liquid  slate,  bein?  gathered  on 
the  end  of  the  iron  rod  from  the  central  portion  of  a  recently  slammed  pot,  after  the  upper 
layers  have  been  worked  off  in  general  articles. 

M.  Guinand,  of  Brennets  near  Geneva,  appears  to  have  hit  upon  processes  that  fur- 
nished almost  certainly  pieces  of  flint-glass  capable  of  forming  good  lenses  of  remarkable 
dimensions,  even  of  11  inches  diameter;  of  adequate  density  and  transparency,  and 
nearly  free  from  striae.  M.  Cauchoix,  the  eminent  French  optician,  says,  that  out  of 
ten  object  glasses,  4  inches  in  diameter,  made  with  M.  Guinand's  flint  glass,  eight  or 
nine  turned  out  very  good,  while  out  of  an  equal  number  of  object  glasses  made  of  the 
flint  glass  of  the  English  and  French  manufactories,  only  one,  or  two  ai  most,  were  found 
serviceable.  The  means  by  which  M.  Guinand  arrived  at  these  results  have  not  been 
published.  He  has  lately  died,  and  it  is  not  known  whether  his  son  be  in  possession  of 
his  secret. 
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An  achromatic  object  glass  for  telescopes  and  microscopes  consists  of  at  least  two 
lenses  ;  the  one  made  with  glass  of  lead,  or  flint-glass,  and  the  other  with  crown-glass  ; 
the  former  possessing  a  power  of  dispersing  the  colored  rays  relatively  to  its  mean  refrac- 
tive power,  much  greater  than  the  latter ;  upon  which  principle  the  achromatism  of  the 
image  is  produced,  by  reuniting  the  different  colored  rays  into  one  focus.  Flint-glass  to 
be  fit  for  this  delicate  purpose  must  be  perfectly  homogeneous,  or  of  uniform  density 
throughout  its  substance,  and  free  from  wavy  veins  or  wreaths;  for  every  such  inequal- 
ity would  occasion  a  corresponding  inequality  in  the  refraction  and  dispersion  of  the 
light ;  like  what  is  perceived  in  looking  through  a  thick  and  thin  solution  of  gum-arabic 
imperfectly  mixed.  Three  plans  have  been  prescribed  for  obtaining  homogeneous  pieces 
of  optical  glass  :  1.  to  lift  a  mass  of  it  in  laree  ladles,  and  let  it  cool  in  them;  2.  to 
pour  it  out  from  the  pots  into  moulds;  3.  to  allow  it  to  cool  in  the  pots,  and  afterwards 
to  cut  it  off  in  horizontal  strata.  The  last  method,  which  is  the  most  plausible,  seldom 
affords  pieces  of  uniform  density,  tinless  peculiar  precautions  have  been  adopted  to  settle 
the  flint  glass  in  uniform  strata;  because  its  materials  are  of  such  unequal  density,  the 
oxyde  of  lead  having  a  specific  gravity  of  8,  and  silica  of  2'7,  that  they  are  apt  to  stand 
at  irregular  heights  in  the  pots. 

One  main  cause  of  these  inequalities  lies  in  the  construction  of  the  furnace,  whereby  ' 
the  bottom  of  the  pot  is  usually  much  less  heated  than  the  upper  part.  In  a  plate  glass 
furnace  the  temperature  of  the  top  of  the  pot  has  been  found  to  be  130°  Wedaew.,  while 
that  of  the  bottom  was  only  110°,  constituting  a  difference  of  no  less  than  2610°  F. 
The  necessary  consequence  is  that  the  denser  particles  which  subside  to  the  bottom, 
during  the  fusion  of  the  materials,  and  after  the  first  extrication  of  the  gases,  must 
remain  there,  not  being  duly  agitated  by  the  expansive  force  of  caloric,  acting  from 
below  upwards. 

The  preparation  of  the  best  optical  glass  is  now  made  a  great  mystery  by  one  or  two 
proficients.  The  following  suggestions,  deduced  from  a  consideration  of  principles,  may 
probably  lead  to  some  improvements,  if  judiciously  applied.  The  great  object  is  to  coun- 
teract the  tendency  of  the  glass  of  lead  to  distribute  itself  into  strata  of  difi'erent  densi- 
ties; which  may  be  effected  either  by  mechanical  agitation  or  by  applying  the  greatest 
heat  to  the  bottom  of  the  pot.  But  however  homogeneous  the  glass  maybe  thereby  made, 
lis  subsequent  separation  into  strata  of  different  densities  must  be  prevented  by  rapid 
cooling  and  solidification.  As  the  dee])er  the  pots,  the  greater  is  the  chance  of  unequal 
specific  gravity  in  their  contents,  it  would  be  advisable  to  make  them  wider  and  shal- 
lower than  those  in  use  for  making  ordinary  glass.  The  intermixture  may  be  eflected 
either  by  lading  the  glass  out  of  one  pot  into  another  in  the  furnace,  and  back  again,  with 
copper  ladles,  or  by  stirring  it  up  with  a  rouser,  then  allowing  it  to  settle  for  a  short 
time,  till  it  becomes  clear  and  free  from  air  bubbles.  The  pot  may  now  be  removed  from 
the  furnace,  in  order  to  solidify  its  contents  in  their  homogeneous  state;  after  which  the 
glass  may  be  broken  in  pieces,  and  be  perfected  by  subjecting  it  to  a  second  fusion ;  or, 
what  is  easier  and  quicker,  we  may  form  suitable  discs  of  glass  without  breaking  down 
the  polful,  by  lifting  it  out  in  flat  copper  ladles  with  iron  shanks,  and  transferring  the 
lumps  after  a  little  while  into  the  annealing  leer. 

To  render  a  polful  of  glass  homogeneous  by  agitation,  is  a 
more  difficult  task,  as  an  iron  rod  would  discolor  it,  and  a 
copper  rod  would  be  apt  to  melt.  An  iron  rod  sheathed  in 
laminated  platinum  would  answer  well,  but  for  its  expense. 
A  stone-ware  tube  supported  within  by  a  rod  of  iron,  might 
also  be  employed  for  the  purpose  in  careful  hands ;  the  stir- 
ring being  repeated  several  limes,  till  at  last  the  glass  is 
suffered  to  stiffen  a  little  by  decrease  of  temperature.  It 
must  then  be  allowed  to  settle  and  cool,  after  which  the  pot, 
being  of  small  dimensions,  may  be  drawn  out  of  ihe  fire. 

2.  The  second  method  of  producing  the  desired  uniformity 
of  mixture,  consists  in  applying  a  greater  heat  to  the  bottom 
than  to  the  upper  part  of  the  melting  pot.  Fig.  514  repre- 
sents in  section  a  furnace  contrived  to  effect  this  object.  It 
is  cylindrical,  and  of  a  diameter  no  greater  than  to  allow  the 
flames  to  play  round  the  pot,  containing  from  three  to  four 
cwts.  of  vitreous  materials.  A  is  the  pot,  lesting  upon  the 
arched  grid  b  a,  built  of  fire-bricks,  whose  apertures  are  wide 
enough  to  let  the  flames  rise  freely,  and  strike  the  bottom  and 
sides  of  the  vessel.  From  I5  to  2  feet  under  that  arch,  the 
fuel  grate  c  rf  is  placed,  b  c  are  the  two  working  openings 
for  introducing  the  materials,  and  inspecting  the  progress  of 
the  fusion;  they  must  be  closed  with  fire-iiles  and  luted  with 
fire-clay  at  the  beginning  of  the  process.   At  the  back  of  the  furnace,  opposite  the  mouth 
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of  the  fire-place  there  is  a  door-way,  which  is  bricked  up,  except  upon  occasion  of  put- 
ting in  and  taking  out  the  pot.  The  draught  is  regulated  by  means  of  a  slide-plate  upon 
the  mouth  of  the  ash-pit  /.  The  pot  being  heated  to  the  proper  pitch,  some  purified 
pearlash,  mixed  with  fully  twice  ils  weight  of  colorless  quartz  sand,  is  to  be  thrown  into 
it,  and  after  the  complete  fusion  of  this  mixture,  the  remaining  part  of  the  sand  along  with 
the  oxyde  of  lead  (fine  litharge)  is  to  be  strown  upon  the  surface.  These  silicious  par- 
ticles in  their  descent  serve  to  extricate  the  air  from  the  mass.  Whenever  the  whole  is 
fused,  the  heat  must  be  strongly  urged,  to  ensure  a  complete  uniformity  of  combination 
by  the  internal  motions  of  the  particles.  As  soon  as  the  glass  has  been  found,  by  making 
test  vials,  to  be  perfectly  fine,  the  fire  must  be  withdrawn,  the  two  working  holes  must 
be  opened,  as  well  as  the  mouths  of-  the  fire-place  and  ash-pit,  to  admit  free  ingress  to 
cooling  currents  of  air,  so  as  to  congeal  the  liquid  mass  as  quickly  as  possible ;  a  condi- 
tion essential  to  the  uniformity  of  the  glass.  It  may  be  worth  while  to  stir  it  a  little 
with  the  pottery  rod  at  the  commencement  of  the  cooling  process.  The  solidified  glass 
may  be  afterwards  detached  by  a  hammer  in  conchoidal  discs,  which,  after  chipping  off 
their  edges,  are  to  be  placed  in  proper  porcelain  or  stone-ware  dishes,  and  exposed  to  a 
softening  heat,  in  order  to  give  them  a  lenticular  shape.  Great  care  must  be  taken  that 
the  heat  thus  applied  by  the  muffle  furnace  be  very  equable,  for  otherwise  wreaths 
might  be  very  readily  reproduced  in  the  discs.  A  small  oven,  upon  the  plan  of  a 
baker's,  is  best  fitted  for  this  purpose,  which  being  heated  to  dull  redness,  and  then 
extinguished,  is  ready  to  soften  and  afterwards  anneal  the  conchoidal  pieces. 

Guinand's  dense  optical  flint  glass,  of  specific  gravity  3-616,  consists,  by  analysis,  of 
oxyde  of  lead,  43-05 ;  silica,  44*3  ;  and  potash,  11*75;  but  requires  for  its  formation  the 
following  ingredients  :  100  pounds  of  ground  quartz;  100  pounds  of  fine  red  lead;  35 
pounds  of  purified  potash  ;  and  from  2  to  4  pounds  of  saltpetre.  As  this  species  of  glass 
is  injured  by  an  excess  of  potash,  it  should  be  compounded  with  rather  a  defect  of  it, 
and  melted  by  a  proportionably  higher  or  longer  heat.  A  good  optical  glass  has  been 
made  in  Germany  with  7  parts  of  pure  red  lead,  3  parts  of  finely  ground  quartz,  and  2 
parts  of  calcined  borax. 

5.  Plate  glass. 

This,  like  English  crown-glass,  has  a  soda  flux;  whereas  flint-glass  requires  potash, 
and  is  never  of  good  quality  when  made  with  soda.  We  shall  distribute  our  account  of 
this  manufacture  under  two  heads. 

1.  The  diflferent  furnaces  and  principal  machines,  without  whose  knowledge  it  would 
be  impossible  to  understand  the  several  processes  of  a  plate-glass  factory. 

2.  The  materials  which  enter  into  the  composition  of  this  kind  of  glass,  and  the  series 
of  operations  which  they  undergo;  devoting  our  chief  attention  to  the  changes  and  im- 
provements which  long  experience,  enlightened  by  modern  chemistry,  has  introduced  into 
the  great  manufactory  of  Saint-Gobin,  in  France,  under  the  direction  of  M.  Tassaert.  It 
may  however  be  remarked,  that  the  English  plate-glass  manufacture  derives  peculiar 
advantages  from  the  excellence  of  its  grinding  and  polishing  machinery. 

The  clay  for  making  the  bricks  and  pots  should  be  free  from  lime  and  iron,  and  very 
refractory.  It  is  mixed  with  the  powder  of  old  pots  passed  through  a  silk  sieve.  If  the 
clay  be  very  plastic  it  will  bear  its  own  weight  of  the  powder,  but  if  shorter  in  quality, 
it  will  take  only  three  fifths.  But  before  mingling  it  with  the  cement  of  old  pots,  it  must 
be  dried,  bruised,  then  picked,  ground,  and  finally  elutriated  by  agitation  with  water, 
decantation  through  a  hair  sieve,  and  subsidence.  The  clay  fluid  after  passing  the  sieve 
is  called  slip  (coulis). 

The  furnace  is  built  of  dry  bricks,  cemented  with  slip,  and  has  at  each  of  its  four 
angles  a  peculiar  annealing  arch,  which  communicates  with  the  furnace  interiorly,  and 
thence  derives  sufficient  heat  to  effect  in  part,  if  not  wholly,  the  annealing  of  the  pots, 
•which  are  always  deposited  there  a  long  time  before  they  are  used.  Three  of  these 
arches,  exclusively  appropriated  to  this  purpose,  are  called  pot-arches.  The  fourth  is 
called  the  arch  of  the  materials,  because  it  servesfor  drying  them  before  they  are  founded. 
Each  arch  has,  moreover,  a  principal  opening  called  the  throat,  another  called  bonnard, 
by  the  French  workmen,  through  which  fire  may  be  kindled  in  the  arch  itself,  when  it 
was  thought  to  be  necessary  for  the  annealing  of  the  pots;  a  practice  now  abandoned. 
The  duration  of  a  furnace  is  commonly  a  year,  or  at  most  14  months ;  that  of  the  arches 
is  30  years  or  upwards,  as  they  are  not  exposed  to  so  strong  a  heat. 

In  the  manufacture  of  plate-glass  two  sorts  of  crucibles  are  employed,  called  the 
pots  and  the  basins  (cuveties).  The  first  serve  for  containing  the  materials  to  be 
founded,  and  for  keeping  them  a  long  lime  in  the  melted  state.  The  cuveties  receive  the 
melted  glass  after  it  is  refined,  and  decant  it  out  on  the  table  to  be  rolled  into  a  plate. 
Three  pots  hold  liquid  glass  for  six  small  basins,  or  for  three  large  ones,  the  latter  being 
employed  for  making  mirrors  of   great  dimensions,  that   is,  100  inches  long  and  up- 
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wards.  Furnaces  have  been  lately  constructed  with  6  pots,  and  12  cuvettes,  8  of  which 
are  small,  and  4  large ;  and  cuvettes  of  three  sizes  are  made,  called  siiiall,  middling,  and 
large.  The  small  are  perfect  cubes,  the  middling  and  the  large  ones  are  oblong  parallel- 
epipeds. Towards  the  middle  of  their  height,  a  notch  or  groove,  two  or  three  inches 
broad,  and  an  inch  deep,  is  left,  called  the  girdle  of  the  cuvette,  by  which  part  they  are 
grasped  with  the  tongs,  or  rather  are  clamped  in  the  iron  frame.  This  frame  goes  round 
the  four  sides  of  the  small  cuvettes,  and  may  be  placed  indiflerently  upon  all  their  sides ; 
in  the  other  cuvettes,  the  girdle  extends  only  over  the  two  large  sides,  because  they  can- 
not be  turned  up.     See  m  T,Jig.  515,  p.  596. 

The  pot  is  an  inverted  truncated  cone,  like  a  crown  glass  pot.  It  is  about  30  inches 
high,  and  from  30  to  32  inches  wide,  including  its  thickness.  There  are  only  a  few  inches 
of  diil'erence  between  the  diameter  of  the  top  and  that  of  the  bottom.  The  bottom  is 
3  inches  thick,  and  the  body  turns  gradually  thinner  till  it  is  an  inch  at  the  mouth  of  the 
pot. 

The  large  building  or  factory,  of  which  the  melting  furnace  occupies  the  middle  space, 
is  called  the  halle  in  French.  At  Ravenhead,  in  Lancashire  it  is  called  the  foundry,  and 
is  of  magnificent  dimensions,  bein?  probably  the  largest  apartment  under  one  roof  in 
Great  Britain,  since  its  length  is  339  feet,  and  its  breadth  155.  The  famous  halle  of  St. 
Gobin  is  174  feet  by  120.  Along  the  two  side  walls  of  the  halle,  which  are  solidly  con- 
structed of  hewn  stone,  there  are  openings  like  those  of  common  ovens.  These  ovens, 
destined  for  the  annealing  of  the  newly  cast  plates,  bear  the  name  of  carquaises.  Their 
soles  are  raised  two  feet  and  a  half  above  the  level  of  the  ground,  in  order  to  bring  them 
into  the  same  horizontal  plane  with  the  casting  tables.  Their  length,  amounting  some- 
times to  30  feet,  and  their  breadth  to  20,  are  required  in  order  to  accommodate  6,  8,  or 
even  10  plates  of  glass,  alongside  of  each  other.  The  Iront  aperture  is  called  the  throat, 
and  the  back  door  the  little  throat  (gueulelle).  The  carquaise  is  heated  by  means  of  a 
fire-place  of  a  square  form  called  a  tisar,  which  extends  along  its  side. 

The  founding  or  melting  furnace  is  a  square  brick  building  laid  on  solid  foundations, 
being  from  8  to  10  feet  in  each  of  ils  fronts,  and  rising  inside  into  a  vault  or  crown  about 
10  feet  high.  At  each  angle  of  this  square,  a  small  oven  or  arch  is  constructed,  likewise 
vaulted  within,  and  communicating  with  the  melting  furnace  by  square  flues,  called  lu- 
nettes, through  which  it  receives  a  powerful  heat,  though  much  inferior  to  that  round  the 
pots.  The  arches  are  so  distributed  as  that  two  of  the  exterior  sides  of  the  furnace  stand 
wholly  free,  while  the  two  other  sides,  on  which  the  arches  encroach,  offer  a  free  space 
of  only  three  feet.  In  this  interjacent  space,  two  principal  openings  of  the  furnace,  of 
equal  size  in  each  side,  are  left  in  the  building.  These  are  called  tunnels.  They  are 
destined  for  the  introduction  of  the  pots  and  the  fuel. 

On  looking  through  the  tunnels  into  the  inside  of  the  furnace,  vre  perceive  to  the  right 
hand  and  the  left,  along  the  two//-ec  sides,  two  low  platforms  or  sieges,  at  least  30  inches 
in  height  and  breadth.     See  Jigs.  506,  508. 

These  sieges  (seats)  being  intended  to  support  the  pots  and  the  cuvettes  filled  with 
heavy  materials,  are  terminated  by  a  slope,  which  ensures  the  solidity  of  the  fire-clay 
mound.  The  slopes  of  the  two  sieges  extend  towards  the  middle  of  the  furnace  so  near 
as  to  leave  a  space  of  only  from  6  to  10  inches  between  them  for  the  hearth.  The  end 
of  this  is  perforated  with  a  hole  sufficiently  large  to  give  passage  to  the  liquid  glass  of  a 
broken  pot,  while  the  rest  is  preserved  by  lading  it  from  the  mouth  into  the  adjoining 
cuvette. 

In  the  two  large  parallel  sides  of  the  furnace,  other  apertures  are  left  much  smaller 
than  the  tunnels,  which  are  called  ouvreaux  (peep  holes).  The  lower  ones,  or  the  ouvreaux 
en  bas,  called  cuvette  openings,  because,  being  allotted  to  the  admission  of  these  vessels, 
they  are  exactly  on  a  level  with  the  surface  of  the  sieges,  and  with  the  floor  of  the  halle. 
Plates  of  cast-iron  form  the  thresholds  of  these  openings,  and  facilitate  the  ingress  and 
egress  of  the  cuvettes.  The  apertures  are  arched  at  top,  with  hewn  stone  like  the  tun- 
nels, and  are  18  inches  wide  when  the  cuvettes  are  16  inches  broad. 

The  upper  and  smaller  apertures,  or  the  higher  ouvreaux  called  the  lading  holes,  be- 
cause they  serve  for  transvasing  the  liquid  glass,  are  three  in  number,  and  are  placed  31 
or  32  inches  above  the  surface  of  the  sieges.  As  the  pots  are  only  30  inches  high,  it 
becomes  easy  to  work  through  these  openings  either  in  the  pots  or  the  cuvettes.  The 
pots  stand  opposite  to  the  two  pillars  which  separate  the  openings,  so  that  a  space  is  left 
between  them  for  one  or  more  cuvettes  according  to  the  size  of  the  latter.  It  is  obvious 
that  if  the  tunnels  and  ouvreaux  were  left  open,  the  furnace  would  not  draw  or  take  the 
requisite  founding  heat.  Hence  the  openings  are  shut  by  means  of  fire-tiles.  These  are 
put  in  their  places,  and  removed  by  means  of  two  holes  left  in  them,  in  correspondence 
with  the  two  prongs  of  a  large  iron  fork  supported  by  an  axle  and  two  iron  wheels,  and 
terminated  by  two  handles  which  the  workmen  lay  hold  of  when  they  wish  to  move 
the  tile. 

The  closing  of  the  tunnel  is  more  complex.     When  it  is  shut  or  ready  for  the  firingj 
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the  aperture  appears  built  up  with  bricks  and  mortar  from  the  top  of  the  arch  to  the 
middle  of  the  tunnel.  The  remainder  of  the  door-way  is  closed ;  1.  on  the  two  sides 
down  to  the  bottom,  by  a  small  upright  wall,  likewise  of  bricks,  and  8  inches  broad, 
called  walls  of  the  glaye ;  2.  by  an  assemblage  of  pieces  called  pieces  of  the  glaye,  be- 
cause the  whole  of  the  closure  of  the  tunnel  bears  the  name  of  glaye.  The  upper  hole, 
4  inches  square,  is  called  the  tisar,  through  which  billets  of  wood  are  tossed  into  the 
fire.  Fuel  is  also  introduced  into  the  posterior  openings.  The  fire  is  always  kept  up  on 
the  hearth  of  the  tunnel,  which  is,  on  this  account,  4  inches  higher  than  the  furnace- 
hearth,  in  order  that  the  glass  which  may  accidentally  fall  down  on  it,  and  which  does 
not  flow  off  by  the  bottom  hole,  may  not  impede  the  combustion.  Should  a  body  of  glass, 
however,  at  any  time  obstruct  the  grate,  it  must  be  removed  with  rakes,  by  opening  the 
tunnel  and  dismounting  the  fire-tile  stoppers  of  the  glaye. 

Formerly  wood  fuel  alone  was  employed  for  heating  the  melting-furnaces  of  the 
miiTor-pIale  manufactory  of  Saint  Gobin ;  but  within  these  few  years,  the  Director  of 
the  works  makes  use  with  nearly  equal  advantage  of  pit-coal.  In  the  same  establishment, 
two  melting  furnaces  may  be  seen,  one  of  which  is  fixed  with  wood,  and  the  other  with 
coals,  without  any  difference  being  perceptible  in  the  quality  of  the  glass  furnished  by 
either.  It  is  not  true,  as  has  been  stated,  that  the  introduction  of  pit-coal  has  made  it 
necessary  to  work  with  covered  pots  in  order  to  avoid  the  discoloration  of  the  materials, 
or  that  more  alkali  was  required  to  compensate  for  the  diminished  heat  in  the  covered 
pots.  They  are  not  now  covered  when  pit-coal  is  used,  and  the  same  success  is  obtained 
as  heretofore  by  leaving  the  materials  two  or  three  hours  longer  in  the  pots  and  the  cu- 
vettes. The  construction  of  the  furnaces  in  Avhich  coal  is  burned,  is  the  same  as  that 
with  wood,  with  slight  modifications.  Instead  of  the  close  bottomed  hearth  of  the  wood 
furnace,  there  is  an  iron  grate  in  the  coal-hearth  through  which  the  air  enters,  and  the 
waste  ashes  descend. 

When  billets  of  wood  were  used  as  fuel,  they  were  well  dried  beforehand,  by  being 
placed  a  few  days  on  a  frame-work  of  wood  called  the  wheel,  placed  two  feet  above  the 
furnace  and  its  arches,  and  supported  on  four  pillars  at  some  distance  from  the  angles  of 
the  building. 

Composition  of  plate-glass. — This  is  not  made  now,  as  formerly,  by  random  trials. 
The  progress  of  chemistry,  the  discovery  of  a  good  process  for  the  manufacture  of  soda 
from  sea  salt,  which  furnishes  a  pure  alkali  of  uniform  power,  and  the  certain  methods 
of  ascertaining  its  purity,  have  rendered  this  department  of  glass-making  almost  entirely 
new,  in  France.  At  Saint  Gobin  no  alkali  is  employed  at  present  except  artificial 
crystals  of  soda,  prepared  at  the  manufactory  of  Chauny,  subsidiary  to  that  establish- 
ment. Leaden  chambers  are  also  erected  there  for  the  production  of  sulphuric  acid 
from  sulphur.  The  first  crop  of  soda  crystals  is  reserved  for  the  plate-glass  manufac- 
ture, the  other  crystals  and  the  mother-water  salts  are  sold  to  the  makers  of  inferior 
glass. 

At  the  mirror-plate  works  of  Ravenhead,  near  St.  Helen's  in  Lancashire,  soda  crys- 
tals, from  the  decomposition  of  the  sulphate  of  soda  by  chalk  and  coal,  have  been  also 
tried,  but  without  equal  success  as  at  Saint  Gobin;  the  failure  being  unquestionably  due 
to  the  impurity  of  the  alkali.  Hence,  in  the  English  establishment  the  soda  is  obtained 
by  treating  sea-salt  with  pearl-ash,  whence  carbonate  of  soda  and  muriate  of  potash  re- 
sult. The  latter  salt  is  crystallized  out  of  the  mingled  solution,  by  evaporation  at  a  mod- 
erate heat,  for  the  carbonate  of  soda  does  not  readily  crystallize  till  the  temperature  of  the 
solution  falls  below  60°  Fahr.  When  the  muriate  of  potash  is  thus  removed,  the  alkaline 
carbonate  is  evaporated  to  dryness. 

Long  experience  at  Saint  Gobin  has  proved  that  one  part  of  dry  carbonate  of  soda  is 
adequate  to  vitrify  perfectly  three  parts  of  fine  silicious  sand,  as  that  of  the  mound  of 
Aumont  near  Senlis,  of  Alum  Bay  in  the  Isle  of  Wight,  or  of  Lynn  in  Norfolk.  It 
is  also  known  that  the  degree  of  heat  has  a  great  influence  upon  the  vitrification,  and 
that  increase  of  temperature  will  compensate  for  a  certain  deficiency  of  alkali;  for  it  is 
certain  that  a  very  strong  fire  always  dissipates  a  good  deal  of  the  soda,  and  yet  the  glass 
is  not  less  beautiful.  The  most  perfect  mirror-plate  has  constantly  aff'orded  to  M.  Vau- 
quelin  in  analysis,  a  portion  of  soda  inferior  to  what  had  been  employed  in  its  formation. 
Hence,  it  has  become  the  practice  to  add  for  every  100  parts  of  cullet  or  broken  plate 
that  is  mixed  with  the  glass  composition,  one  part  of  alkali,  to  make  up  for  the  loss  that 
the  old  glass  must  have  experienced. 

To  the  above  mentioned  proportions  of  sand  and  alkali  independently  of  the  cullet 
which  may  be  used,  dry  slaked  lime  carefully  sifted  is  to  be  added  to  the  amount  of  one 
seventh  of  the  sand ;  or  the  proportion  will  be,  sand  7  cwts. ;  quicklime  1  cwt. ;  dry 
carbonate  of  soda  2  cwts.  and  37  lbs. ;  besides  cullet.  The  lime  improves  the  quality  of 
the  glass ;  rendering  it  less  brittle  and  less  liable  to  change.  The  preceding  quantities 
of  materials,  suitably  blended,  have  been  uniformly  found  to  afford  most  advantageous 
results.    The  practice  formerly  was  to  dry  that  mixture  as  soon  as  it  was  made,  in  the 
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arch  for  the  materials,  but  it  has  been  ascertained  that  this  step  may  be  dispensed  with, 
and  the  small  portion  of  humidity  present  is  dissipated  almost  instantly  after  they  are 
thrown  into  the  furnace.  The  coat  of  glaze  previously  applied  to  the  inside  of  the  pot, 
prevents  the  moisture  from  doing  them  any  harm.  For  this  reason,  when  the  demand 
for  glass  at  Saint-Gobin  is  very  great,  the  materials  are  neither  fritted  nor  even  dried, 
but  shovelled  directly  into  the  pot;  this  is  called  founding  raw.  Six  workmen  are 
employed  in  shovelling-in  the  materials  either  fritted  or  otherwise,  for  the  sake  of  expe- 
dition, and  to  prevent  the  furnace  getting  cooled.  One  third  of  the  mixture  is  introduced 
at  first ;  whenever  this  is  melted,  the  second  third  is  thrown  in,  and  then  the  last.  These 
three  stages  are  called  the  first,  second,  and  third  fusion  or  founding. 

According  to  the  ancient  practice,  the  founding  and  refining  were  both  executed  in 
the  pots,  and  it  was  not  till  the  glass  was  refined,  that  it  was  laded  into  the  cuvettes, 
where  it  remained  only  3  hours,  the  time  necessary  for  the  disengagement  of  the  air 
bubbles  introduced  by  the  transvasion,  and  for  giving  the  rmtal  the  proper  consistence 
for  casting.  At  present,  the  period  requisite  for  founding  and  refining,  is  equally  divided 
between  the  pots  and  the  cuvettes.  The  materials  are  left  IQ  hours  in  the  pots,  and  as 
many  in  the  cuvettes  ;  so  that  in  32  hours  the  glass  is  ready  to  be  cast.  During  the  last 
two  or  three  hours,  the  fireman  or  tiseur  ceases  to  add  fuel ;  all  the  openings  are  shut, 
and  the  glass  is  allowed  to  assume  the  requisite  fluidity ;  an  operation  called  stopping  the 
glass,  or  performing  the  ceremony. 

The  transfer  of  the  glass  mto  the  cuvettes,  is  called  lading,  (trejetage).  Before  this  is 
done,  the  cuvettes  are  cleared  out,  that  is,  the  elass  remaining  on  their  bottom  is  removed, 
and  the  ashes  of  the  firing.  They  are  lifted  red  hot  out  of  the  furnace  by  the 
method  presently  to  be  described,  and  placed  on  an  iron  plate,  near  a  tub  filled 
with  water.  The  workmen,  by  means  of  iron  paddles  6  feet  long,  flattened  at  one  end 
and  hammered  to  an  edge,  scoop  out  the  fluid  glass  expeditiously,  and  throw  it  into  water; 
the  cuvettes  are  now  returned  to  the  furnace,  and  a  few  minutes  afterwards  the  lading 
begins. 

In  this  operation,  ladles  of  wrought  iron  are  employed,  furnished  with  long  handles, 
which  are  plunged  into  the  pots  through  the  upper  openings  or  lading  holes,  and  immedi- 
ately transfer  their  charge  of  glass  into  the  buckets.  Each  workman  dips  his  ladle  only 
three  times,  and  empties  its  contents  into  the  cuvette.  By  these  three  immersions  (whence 
the  term  irejeter  is  derived),  the  large  iron  spoon  is  heated  so  much  that  when  plunged 
into  a  tub  full  of  water,  it  makes  a  noise  like  the  roaring  of  a  lion,  which  may  be  heard 
to  a  very  great  distance. 

The  founding,  refining,  and  ceremony,  being  finished,  they  next  try  whether  the  glass 
be  ready  for  casting.  With  this  view,  the  end  of  a  rod  is  dipped  into  the  bucket,  which 
is  called  drawing  the  glass ;  the  portion  taken  up  being  allowed  to  run  off,  naturally 
assumes  a  pear-shape,  from  the  appearance  of  which,  they  can  judge  if  the  consistence  be 
proper,  and  if  any  air  bubbles  remain.  If  all  be  right,  the  cuvettes  are  taken  out  of  the 
furnace,  and  conveyed  to  the  part  of  the  halle  where  their  contents  are  to  be  poured  out. 
This  process  requires  peculiar  instruments  and  manipulations. 

Casting. — While  the  glass  is  refining,  that  is,  coming  to  its  highest  point  of  perfection, 
preparation  is  made  for  the  most  important  process,  the  casting  of  the  plate,  whose 
success  crowns  all  the  preliminary  labors  and  cares.  The  oven  or  carquaise  destined  to 
receive  and  anneal  the  plate  is  now  heated  by  its  small  fire  or  fisar,  to  such  a  pitch  that 
its  sole  may  have  the  same  temperature  as  that  of  the  plates,  being  nearly  red  hot  at  the 
moment  of  their  being  introduced.  An  unequal  degree  of  heat  in  the  carquaise  would 
cause  breakage  of  the  glass.  The  casting  table  is  then  rolled  towards  the  front  door  or 
throat,  by  means  of  levers,  and  its  surface  is  brought  exactly  to  the  level  of  the  sole  of 
the  oven. 

The  table  t,  fig.  515,  is  a  mass  of  bronze,  or  now  preferably  cast  iron,  about  10  feet 
long,  5  feet  broad,  and  from  6  to  7  inches  thick,  supported  by  a  frame  of  carpentry,  which 
rests  on  three  cast  iron  wheels.  At  the  end  of  the  table  opposite  to  that  next  to  the  front 
of  the  oven,  is  a  very  strong  frame  of  timber-work,  called  the  puppet  or  standard,  upon 
which  the  bronze  roller  which  spreads  the  glass  is  laid,  before  and  after  the  casting.  This 
is  5  feet  long  by  1  foot  in  diameter ;  it  is  thick  in  the  metal  but  hollow  in  the  axis.  The 
same  roller  can  serve  only  for  two  plates  at  one  castin?,  when  another  is  put  in  its  place, 
and  the  first  is  laid  aside  to  cool ;  for  otherwise  the  hot  roller  would  at  a  third  casting 
make  the  plate  expand  unequally,  and  cause  it  to  crack.  When  the  rollers  are  not  in 
action,  they  are  laid  aside  in  strong  wooden  trestles,  like  those  employed  by  sawyers.  On 
the  two  sides  of  the  table  in  the  line  of  its  length,  are  two  parallel  bars  of  bronze,  t,  t, 
destined  to  support  the  roller  during  its  passage  from  end  to  end ;  the  thickness  of  these 
bars  determines  that  of  the  plate.  The  table  being  thus  arranged,  a  crane  is  had  recourse 
to  for  lifting  the  cuvette,  and  keeping  it  suspended,  till  it  be  emptied  upon  the  table. 
This  raising  and  suspension  are  effected  by  means  of  an  iron  gib,  furnished  with  pulleys, 
held  horizontally,  and  which  turns  with  them. 
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The  longs  t,  fie;.  515,  are  made  of  four  iron  bars,  bent  inio  a  square  frame  in  their 
middle,  for  embracing  the  bucket.  Four  chains  proceeding  from  the  corners  of  the  frame 
V,  are  united  at  their  other  ends  into  a  ring  which  fits  into  the  hook  of  the  crane. 
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Things  being  thus  arranged,  all  the  workmen  of  the  foundry  co-operate  in  the  manipu- 
lations of  the  casting.  Two  of  them  fetch,  and  place  quickly  in  front  of  one  of  the  lower 
openings,  the  small  cuvette-carriage,  which  bears  a  forked  bar  of  iron,  having  two  prongs 
corresponding  to  the  two  holes  left  in  the  fire-tile  door.  This  fork,  mounted  on  the  axle 
of  two  cast-iron  wheels,  extends  at  its  other  end  into  two  branches  terminated  by  handles, 
by  which  the  workmen  move  the  fork,  lift  out  the  tile  stopper,  and  set  it  down  against 
the  outer  wall  of  the  furnace. 

The  instant  these  men  retire,  two  others  push  forward  into  the  opening  the  extre- 
mity of  the  tongs-carriage,  so  as  to  seize  the  bucket  by  the  girdle,  or  rather  to  clamp  it. 
At  the  same  time,  a  third  workman  is  busy  with  an  iron  pinch  or  long  chisel,  detaching 
the  bucket  from  its  seat,  to  which  it  often  adheres  by  some  spilt  glass  ;  whenever  it  is 
free,  he  withdraws  it  from  the  furnace.  Two  powerful  branches  of  iron  united  by  a 
bolt,  like  two  scissor  blades,  which  open,  come  together,  and  join  by  a  quadrant  near  the 
other  end,  form  the  tongs-carriage,  which  is  mounted  upon  two  wheels  like  a  truck. 

The  same  description  will  apply  almost  wholly  to  the  iron-plate  carriage,  on  which 
the  bucket  is  laid  the  moment  it  is  taken  out  of  the  furnace ;  the  only  difference  in  its 
construction  is,  that  on  the  bent  iron  bars  which  form  the  tail  or  lower  steps  of  this  car- 
riage (in  place  of  the  tongs)  is  permanently  fastened  an  iron  plate,  on  which  the  bucket 
is  placed  and  carried  for  the  casting. 

Whenever  the  cuvette  is  set  upon  its  carriage,  it  must  be  rapidly  wheeled  to  its  station 
near  the  crane.  The  tongs  t  above  described  are  now  applied  to  the  girdle,  and  are  then 
hooked  upon  the  crane  by  the  suspension  chains.  In  this  position  the  bucket  is  skim- 
med by  means  of  a  copper  tool  called  a  sabre,  because  it  has  nearly  the  shape  of  that 
weapon.  Every  portion  of  the  matter  removed  by  the  sabre  is  thrown  into  a  copper 
ladle  (poche  de  gamin),  which  is  emptied  from  time  to  time  into  a  cistern  of  water.  After 
being  skimmed,  the  bucket  is  lifted  up,  and  brushed  very  clean  on  its  sides  and  bottom  ; 
then  by  the  double  handles  of  the  suspension-tongs  it  is  swung  round  to  the  table,  where 
it  is  seized  by  the  workmen  appomted  to  turn  it  over;  the  roller  having  been  previously 
laid  on  its  ruler-bars,  near  the  end  of  the  table  which  is  in  contact  with  the  annealing 
oven.  The  cin'e//e-men  begin  to  pour  out  towards  the  right  extremity  e  of  the  roller,  and 
terminate  when  it  has  arrived  at  the  left  extremity  d.  While  preparing  to  do  so,  and 
at  the  instant  of  casting,  two  men  place  within  the  ruler-bar  on  each  side,  that  is,  between 
the  bar  and  the  liquid  glass,  two  iron  instruments  called  hands,  m,  m,  m,  in,  which  pre- 
vent the  glass  from  spreading  beyond  the  rulers,  while  another  draws  along  the  table  the 
wiping  bar  c,  c,  wrapped  in  linen,  to  remove  dust,  or  any  small  objects  which  may  inter- 
pose between  the  table  and  the  liquid  glass. 

Whenever  the  melted  glass  is  poured  out,  two  men  spread  it  over  the  table,  guiding 
the  roller  slowly  and  steadily  along,  beyond  the  limits  of  the  glass,  and  then  run  it  smartly 
into  the  wooden  standard  prepared  for  its  reception,  in  place  of  the  trestles  v,  v. 

The  empty  bucket,  while  still  red-hot,  is  hung  again  upon  the  crane,  set  on  its  plate- 
iron  carriage,  freed  from  its  tongs,  and  replaced  in  the  furnace,  to  be  speedily  cleared 
out  anew,  and  charged  with  fresh  fluid  from  the  pots.  If  while  the  roller  glides  along, 
the  two  workmen  who  stand  by  with  picking  tools,  perceive  tears  in  the  matter  in  ad- 
vance of  the  roller,  and  can  dexterously  snatch  them  out,  they  are  suitably  rewarded, 
according  to  the  spot  where  the  blemish  lay,  whether  in  the  centre,  where  it  would 
have  proved  most  detrimental,  or  near  the  edge.     These  tears  proceed  usually  from 
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small  portions  of  semi-vitrificd  matter  which  fall  from  the  vault  of  the  furnace,  and  from 
their  density  occupy  the  bottom  of  the  cuvettes. 

While  the  plate  is  still  red-hot  and  ductile,  about  2  inches  of  its  end  opposite  to  the 
carqvMise  door  is  turned  up  with  a  tool ;  this  portion  is  called  the  head  of  the  mirror ; 
against  the  outside  of  this  head,  the  shovel,  in  the  shape  of  a  rake  without  teeth,  is  ap- 
plied, with  which  the  plate  is  eventually  pushed  into  the  oven,  while  two  other  workmen 
press  upon  the  upper  part  of  the  head  with  a  wooden  pole,  eight  feet  long,  to  preserve 
the  plate  ia  its  horizontal  position,  and  prevent  its  being  warped.  The  plate  is  now  left 
for  a  few  moments  near  the  throat  of  the  carquaise,  to  give  it  solidity ;  after  which  it  is 
pushed  farther  in  by  means  of  a  very  long  iron  tool,  whose  extremity  is  forked  like  the 
letter  y,  and  hence  bears  that  name ;  and  is  thereby  arranged  in  the  most  suitable  spot  for 
allowing  other  plates  to  be  introduced. 

However  numerous  the  manipulations  executed  from  the  moment  of  withdrawing  the 
cuvette  from  the  furnace,  till  the  cast-plate  is  pushed  into  the  annealing  oven,  I  have  seen 
them  all  performed  in  less  than  five  minutes ;  such  silence,  order,  regularity,  and  despatch 
prevail  in  the  establishment  of  Saint-Gobin. 

When  all  the  plates  of  the  same  casting  have  been  placed  in  the  carquaise,  it  is  sealed 
up,  that  is  to  say,  all  its  orifices  are  closed  with  sheets  of  iron,  surrounded  and  made  tight 
with  plastic  loam.  With  this  precaution,  the  cooling  goes  on  slowly  and  equably  in  every 
part,  for  no  cooling  current  can  have  access  to  the  interior  of  the  oven. 

After  they  are  perfectly  cooled,  the  plates  are  carefully  withdrawn  one  after  another, 
keeping  them  all  the  while  in  a  horizontal  position,  till  they  are  entirely  out  of  the  car- 
quaise.  As  soon  as  each  plate  is  taken  out,  one  set  of  workmen  lower  quickly  and 
steadily  the  edge  which  they  hold,  while  another  set  raise  the  opposite  edge,  till  the  glass 
be  placed  upright  on  two  cushions  stufied  with  straw,  and  covered  with  canvass.  In 
this  vertical  position  they  pass  through,  beneath  the  lower  edge  of  the  plate,  three  girths 
or  straps  each  four  feet  long,  thickened  with  leather  in  their  middle,  and  ending  in 
wooden  handles ;  so  that  one  embraces  the  middle  of  the  plate,  and  the  other  two,  the 
ends.  The  workmen,  six  in  number,  now  seize  the  handles  of  the  straps,  lift  up  the 
glass  closely  to  their  bodies,  and  convey  it  with  a  regular  step  to  the  warehouse.  Here 
the  head  of  the  plate  is  first  cut  off  with  a  diamond  square,  and  then  the  whole  is  atten- 
tively examined,  in  reference  to  its  defects  and  imperfections,  to  determine  the  sections 
which  must  be  made  of  it,  and  the  eventual  size  of  the  pieces.  The  pairings  and  small 
cuttings  detached  are  set  aside,  in  order  to  be  ground  and  mixed  with  the  raw  materials 
of  another  glass-pot. 

The  apartment  in  which  the  roughing-down  and  smoothing  of  the  plates  is  performed, 
is  furnished  with  a  considerable  number  of  stone  tables  truly  hewn  and  placed  apart  like 
billiard  tables,  in  a  horizontal  position,  about  2  feet  above  the  ground.  They  are  rec- 
tangular, and  of  different  sizes  proportional  to  the  dimensions  of  the  plates,  which  they 
ought  always  to  exceed  a  little.  These  tables  are  supported  either  on  stone  pillars  or 
wooden  frames,  and  are  surrounded  with  a  wooden  board  whose  upper  edge  stands  some- 
what below  their  level,  and  leaves  in  the  space  between  it  and  the  stone  all  round  an  in- 
terval of  3  or  4  inches,  of  which  we  shall  presently  see  the  use. 

A  cast  plate,  unless  formed  on  a  table  quite  new,  has  always  one  of  its  faces,  the  one 
next  the  table,  rougher  than  the  other ;  and  with  this  face  the  roughing-down  begins. 
With  this  view,  the  smoother  face  is  cemented  on  the  stone  table  with  Paris-plaster.  But 
often,  instead  of^  one  plate,  several  are  cemented  alongside  of  each  other,  those  of  the  same 
thickness  being  carefully  selected.  They  then  take  one  or  more  crude  plates  of  about  one 
third  or  one  fourth  the  surface  of  the  plate  fixed  to  the  table,  and  fix  it  on  them  with 
liquid  gypsum  to  the  large  base  of  a  quadrangular  truncated  pyramid  of  stone,  of  a  weight 
proportioned  to  its  extent,  or  about  a  pound  to  the  square  inch.  This  pyramidal  muller, 
if  small  sized,  bears  at  each  of  its  ansles  of  the  upper  face  a  peg  or  ball,  which  the 
grinders  lay  hold  of  in  working  it;  but  when  of  greater  dimension,  there  is  adapted  to  it 
horizontally  a  wheel  of  slight  construction,  8  or  10  feet  in  diameter,  whose  circumference 
is  made  of  wood  rounded  so  as  to  be  seized  with  the  hand.  The  upper  plate  is  now 
rubbed  over  the  lower  ones,  with  moistened  sand  applied  between. 

This  operation  is  however  performed  by  machinery.  The  under  plate  being  fixed  or 
imbedded  in  stucco,  on  a  solid  table,  the  upper  one  likewise  imbedded  by  the  same 
cement  in  a  cast  iron  frame,  has  a  motion  of  circumrotation  given  to  it  closely  resem- 
bling that  communicated  by  the  human  hand  and  arm,  moist  sand  being  supplied' 
between  them.  While  an  eccentric  mechanism  imparts  this  double  rotatory  movement 
to  the  upper  plate  round  its  own  centre,  and  of  that  centre  round  a  point  in  the  lower 
plate,  this  plate,  placed  on  a  moveable  platform,  changes  its  position  by  a  slow  horizontal 
motion,  both  in  the  dijection  of  its  length  and  its  breadth.  By  this  ingenious  con- 
trivance, which  pervades  the  whole  of  the  grinding  and  polishing  machinery,  a  remark- 
able regularity  of  friction  and  truth  of  surface  is  produced.  When  the  j)lates  are  suffi- 
ciently worked  on  one  face,  they  are  reversed  in  the  frames,  and  worked  together  on 
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the  other.    The  Paris  plaster  is  usually  colored  red,  in  order  to  show  any  defects  in  the 
glass. 

The  smoothing  of  the  plates  is  effected  on  the  same  principles  by  the  use  of  moist 
emery  washed  to  successive  degrees  of  fineness,  for  the  successive  stages  of  the  operation ; 
and  the  polishing  process  is  performed  by  rubbers  of  hat-felt  and  a  thin  paste  of  colcothar 
and  water.  The  colcothar,  called  also  crocus,  is  red  oxyde  of  iron  prepared  by  the  igni- 
tion of  copperas,  with  grinding  and  elutriation  of  the  residuum. 

The  last  part  or  the  polishing  process  is  performed  by  hand.  This  is  managed  by  fe- 
males, who  slide  one  plate  over  another,  while  a  little  moistened  putty  of  tin  finely  levi- 
gated is  thrown  between. 

Large  mirror-plates  are  now  the  indispensable  ornaments  of  every  large  and  sumptuous 
apartment;  they  difl'use  lustre  and  gayety  round  them,  by  reflecting  the  rays  of  light  in  a 
thousand  lines,  and  by  multiplying  indefinitely  the  images  of  objects  placed  between  op- 
posite parallel  planes. 

The  silvering  of  plane  mirrors  consists  in  applying  a  layer  of  tin-foil  alloyed  with  mer- 
cury to  their  posterior  surface.  The  workshop  for  executing  this  operation  is  provided 
with  a  great  many  smooth  tables  of  fine  freestone  or  marble,  truly  levelled,  having  round 
their  contour  arising  ledge,  within  which  there  is  a  gutter  or  groove  which  terminates  by 
a  slight  slope  in  a  spout  at  one  of  the  corners.  These  tables  rest  upon  an  axis  of  wood 
or  iron  which  runs  along  the  middle  of  their  length ;  so  that  they  may  be  inclined  easily 
into  an  angle  with  the  horizon  of  12  or  13  degrees,  by  means  of  a  hand-screw  fixed  be- 
low. They  are  also  furnished  with  brushes,  with  glass  rules,  with  rolls  of  woollen  stuff, 
several  pieces  of  flannel,  and  a  great  many  weights  of  stone  or  cast-iron. 

The  glass-tinner,  standing  towards  one  angle  of  his  table,  sweeps  and  wipes  its  surface 
with  the  greatest  care,  along  the  whole  surface  to  be  occupied  by  the  mirror-plate ;  then 
taking  a  sheet  of  tin-foil  adapted  to  his  purpose,  he  spreads  it  on  the  table,  and  applies 
it  closely  with  a  brush,  which  removes  any  folds  or  wrinkles.  The  table  being  hori- 
zontal, he  pours  over  the  tin  a  small  quantity  of  quicksilver,  and  spreads  it  with  a  roll 
of  woollen  stufl";  so  that  the  tin-foil  is  penetrated  and  apparently  dissolved  by  the  mer- 
cury. Placing  now  two  rules,  to  the  right  and  to  the  left,  on  the  borders  of  the  sheet,  he 
pours  on  the  middle  a  quantity  of  mercury  sufficient  to  form  everywhere  a  layer  about 
the  thickness  of  a  crown  piece;  then  removing  with  a  linen  rag  the  oxyde  or  other  im- 
purities, he  applies  to  it  the  edge  of  a  sheet  of  paper,  and  advances  it  about  half  an  inch. 
Meanwhile  another  workman  is  occupied  in  drying  very  nicely  the  surface  of  the  glass 
that  is  to  be  silvered,  and  then  hands  it  to  the  master  workman,  who,  laying  it  flat, 
places  its  anterior  edge  first  on  the  table,  and  then  on  the  slip  of  paper;  now  pushing 
the  glass  forwards,  he  takes  care  to  slide  it  along  so  that  neither  air  ncff  any  coat  of 
oxyde  on  the  mercury  can  remain  beneath  the  plate.  When  this  has  reached  its  position, 
he  fixes  it  there  by  a  weight  applied  on  its  side,  and  gives  the  table  a  gentle  slope,  to 
run  ofl'  all  the  loose  quicksilver  by  the  gutter  and  spout.  At  the  end  of  five  minutes  he 
covers  the  mirror  with  a  piece  of  flannel,  and  loads  it  with  a  great  many  weights  which 
are  left  upon  it  for  twenty-four  hours,  under  a  gradually  increased  inclination  of  the  table. 
By  this  time  the  plate  is  ready  to  be  taken  ofl'  the  marble  table,  and  laid  on  a  wooden  one 
sloped  like  a  reading  desk,  with  its  under  edge  resting  on  the  ground,  while  the  upper  is 
raised  successively  to  different  elevations  by  means  of  a  cord  passing  over  a  pulley  in  the 
ceiling  of  the  room.  Thus  the  mirror  has  its  slope  graduated  from  day  to  day,  till 
it  finally  arrives  at  a  vertical  position.  About  a  month  is  required  for  draining  out 
the  superfluous  mercury  from  large  mirrors;  and  from  18  to  20  days  from  those  of 
moderate  size.  The  sheets  of  tin-foil  being  always  somewhat  larger  than  the  glass 
plate,  their  edges  must  be  paired  smooth  off,  before  the  plate  is  lifted  ofl'  the  marble 
table. 

Process  for  silvering  concave  mirrors. — Having  prepared  some  very  fine  Paris  plaster  by 
passing  it  through  a  silk  sieve,  and  some  a  little  coarser  passed  through  hair-cloth,  the 
first  is  to  be  made  into  a  creamy  liquor  with  water,  and  after  smearing  the  concave  surface 
of  the  glass  with  a  film  of  olive  oil,  the  fine  plaster  is  to  be  poured  into  it,  and  spread  by 
turning  about,  till  a  layer  of  plaster  be  formed  about  a  tenth  of  an  inch  thick.  The 
second  or  coarse  plaster,  being  now  made  into  a  thin  paste,  poured  over  the  first,  and 
moved  about,  readily  incorporates  with  it,  in  its  imperfectly  hardened  state.  Thus  an 
exact  mould  is  obtained  of  the  concave  surface  of  the  glass,  which  lies  about  three  quar- 
ters of  an  inch  thick  upon  it,  but  is  not  allowed  to  rise  above  its  outer  edge. 

The  mould,  being  perfectly  dried,  must  be  marked  with  a  point  of  coincidence  on  the 
glass,  in  order  to  permit  of  its  being  exactly  replaced  in  the  same  position,  after  it  has 
been  lifted  out.  The  mould  is  now  removed,  and  a  round  sheet  of  tin-foil  is  applied  to  it, 
so  large  that  an  inch  of  its  edge  may  project  beyond  the  plaster  all  round ;  this  border 
being  necessary  for  fixing  the  tin  to  the  contour  of  the  mould  by  pellets  of  white  wax 
softened  a  little  with  some  Venice  turpentine.  Before  fixing  the  tin-foil,  however,  it 
must  be  properly  spread  over  the  mould,  so  as  to  remove  every  wrinkle ;   which  the 
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pliancy  of  the  foil  easily  admits  of,  by  uniform  and  well-directed  pressure  with  the 
fingers. 

The  glass  being  placed  in  the  hollow  bed  of  a  tight  sack  filled  with  fine  sand,  set  in  a 
well-jointed  box,  capable  of  retaining  quicksilver,  its  concave  surface  must  be  dusted 
with  sifted  wood-ashes,  or  Spanish  white  contained  in  a  small  cotton  bag,  and  then  well 
wiped  with  clean  linen  rags,  to  free  it  from  all  adhering  impurity,  and  particularly  the 
moisture  of  the  breath.  The  concavity  must  be  now  filled  with  quicksilver  to  the  very 
lip,  and  the  mould,  being  dipped  a  little  way  into  it,  is  withdrawn,  and  the  adhering 
mercury  is  spread  over  the  tin  with  a  soft  flannel  roll,  so  as  to  amalgamate  and  brighten 
its  whole  surface,  taking  every  precaution  against  breathing  on  it.  Whenever  this 
brightening  seems  complete,  the  mould  is  to  be  immersed,  not  vertically,  but  one  edge 
at  first,  and  thus  obliquely  downwards  till  the  centres  coincide  ;  the  mercury  meanwhile 
being  slowly  displaced,  and  the  mark  on  the  mould  being  brought  finally  into  coinci- 
dence with  the  mark  on  the  glass.  The  mould  is  now  left  to  operate  by  its  own  weight, 
in  expelling  the  superfluous  mercury,  which  runs  out  upon  the  sand-bag  and  thence 
into  a  groove  in  the  bottom  of  the  box,  whence  it  overflows  by  a  spout  into  a  leather  bag 
of  reception.  After  half  an  hour's  repose,  the  whole  is  cautiously  inverted,  to  drain  ofi 
the  quicksilver  more  completely.  For  this  purpose,  a  box  like  the  first  is  provided 
with  a  central  support  rising  an  inch  above  its  edges;  the  upper  surface  of  the  support 
being  nearly  equal  in  diameter  to  that  of  the  mould.  Two  workmen  are  required  to 
execute  the  following  operation.  Each  steadies  the  mould  with  the  one  hand,  and  raises 
the  box  with  the  other,  taking  care  not  to  let  the  mould  be  deranged,  which  they  rest 
on  the  (convex)  support  of  the  second  box.  Before  inverting  the  first  apparatus,  how- 
ever, the  reception  bag  must  be  removed,  for  fear  of  spilling  its  mercury.  The  redun- 
dant quicksilver  now  drains  oflf;  and  if  the  weight  of  the  sandbag  is  not  thought  sufli- 
cient,  supplementary  weights  are  added  at  pleasure.  The  whole  is  left  in  this  position 
for  two  or  three  days.  Before  separating  the  mirror  from  its  mould,  th^e  border  of  tin- 
foil, fixed  to  it  with  wax,  must  be  pared  oflT  with  a  knife.  Then  the  weight  and 
sandbag  being  removed,  the  glass  is  lifted  up  with  its  interior  coating  of  tin- 
amalgam. 

For  silvering  a  convex  surface. — A  concave  plaster  mould  is  made  on  the  convex  glass, 
and  their  points  of  coincidence  are  defined  by  marks.  This  mould  is  to  be  lined  with 
tinfoil,  with  the  precautions  above  described ;  and  the  tin  surface  bein?  first  brightened 
with  a  little  mercury,  the  mould  is  then  filled  with  the  liquid  metal.  The  glass  is  to  be 
well  cleaned,  and  immersed  in  the  quicksilver  bath,  which  will  expel  the  greater  part  of 
the  metal.  A  sandbag  is  now  to  be  laid  on  the  glass,  and  the  whole  is  to  be  inverted  as 
in  the  former  case  on  a  support ;  when  weights  are  to  be  applied  to  the  mould,  and  the 
mercury  is  left  to  drain  off  for  several  days. 

If  the  glass  be  of  large  dimensions,  30  or  40  inches,  for  example,  another  method  is 
adopted.  A  circular  frame  or  hollow  ring  of  wood  or  iron  is  prepared,  of  twice  the  diam- 
eter of  the  mirror,  supported  on  three  feet.  A  circular  piece  of  new  linen  cloth  of  close 
texture  is  cut  out,  of  equal  diameter  to  the  ring,  which  is  hemmed  stoutly  at  the  border, 
and  furnished  round  the  edge  with  a  row  of  small  holes,  for  lacing  the  cloth  to  the  ring, 
so  as  to  leave  no  folds  in  it,  but  without  bracing  it  so  tightly  as  to  deprive  it  of  the  elas- 
ticity necessary  for  making  it  into  a  mould.  This  apparatus  being  set  horizontally,  a 
leaf  of  tinfoil  is  spread  over  it,  of  sufficient  size  to  cover  the  surface  of  the  glass;  the 
tin  is  first  brightened  with  mercury,  and  then  as  much  of  the  liquid  metal  is  poured  on  as 
a  plane  mirror  requires.  The  convex  glass,  web  cleaned,  is  now  set  down  on  the  cloth, 
and  its  own  weight,  joined  to  some  additional  weights,  gradually  presses  down  the  cloth, 
and  causes  it  to  assume  the  form  of  the  glass  which  thus  comes  into  close  contact  with 
the  tin  submersed  under  the  quicksilver.  The  redundant  quicksilver  is  afterwards  drained 
off  by  inversion,  as  in  common  cases. 

The  following  recipe  has  been  given  for  silvering  the  inside  of  glass  globes.  Melt  in 
an  iron  ladle  or  a  crucible,  equal  parts  of  tin  and  lead,  adding  to  the  fused  alloy  one  part 
of  bruised  bismuth.  Stir  the  n>ixture  well,  and  pour  into  it  as  it  cools,  two  parts  of  dry 
mercury ;  agitating  anew  and  skimming  off  the  drossy  film  from  the  surface  of  the  amal- 
gam. The  inside  of  the  glass  globe,  being  freed  from  all  adhering  dust  and  humidity,  is 
to  be  gently  heated,  while  a  little  of  the  semi-fluid  amalgam  is  introduced.  The  liquidity 
being  increased  by  the  slight  degree  of  heat,  the  metallic  coating  is  applied  to  all  the 
points  of  the  glass,  by  turning  round  the  globe  in  every  direction,  but  so  slowly  as  to 
favor  the  adhesion  of  the  alloy.  This  silvering  is  not  so  substantial  as  that  of  plane  mir- 
rors :  but  the  form  of  the  vessel,  whether  a  globe,  an  ovoid,  or  a  cylinder,  conceals  or 
palliates  the  defects  by  counter  reflection  from  the  opposite  surfaces. 

Colored  Glasses  and  Artificial  Gems. — The  general  vitreous  body  preferred  by  Fon- 
tanieu  in  his  treatise  on  this  subject,  which  he  calls  the  Mayence  base,  is  prepared  in 
the  following  manner.  Eight  ounces  of  pure  rock-crystal  or  flint  in  powder,  mixed 
with  24  ounces  of  salt  of  tartar,  are  baked  and  left  to  cool.     This  is  afterwards  poured 
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into  a  basin  of  hot  water,  and  treated  with  dilute  nitric  acid  till  it  ceases  to  effervesce; 
when  the  frit  is  to  be  washed  till  the  water  comes  off  tasteless.  The  frit  is  now  dried 
and  mixed  with  12  ounces  of  fine  white  lead,  and  the  mixture  is  to  be  levigated  and  elu- 
triated with  a  little  distilled  water.  An  ounce  of  calcined  borax  is  to  be  added  to  about 
12  ounces  of  Ihe  preceding  mixture  in  a  dry  state,  the  whole  rubbed  together  in  a  porce- 
lain mortar,  then  melted  in  a  clean  crucible,  and  poured  out  into  cold  water.  This  vitre- 
ous matter  must  be  dried,  and  melted  a  second  and  a  third  time,  always  in  a  new  crucible, 
and  after  each  melting  poured  into  cold  water  as  at  first,  taking  care  to  separate  the  lead 
that  may  be  revived.  To  the  last  glass  ground  to  powder,  five  drachms  of  nitre  are  to  be 
added,  and  the  mixture  being  melted  for  the  last  time,  a  mass  of  crystal  will  be  found  in 
the  crucible  with  a  beautiful  lustre.  The  diamond  is  well  imitated  by  this  Mayence 
base.  Another  very  fine  white  crystal  may  be  obtained,  according  to  M.  Fontanieu,  from 
eight  ounces  of  white  lead,  two  ounces  of  powdered  borax,  half  a  grain  of  manganese, 
and  three  ounces  of  rock-crystal,  treated  as  above. 

The  colors  of  artificial  gems  are  obtained  from  metallic  oxydes.  The  oriental  topaz  is 
prepared  by  adding  oxyde  of  antimony  to  the  base ;  the  amethyst  from  manganese,  with 
a  little  purple  precipitate  of  Cassius;  the  beryl  from  antimony  and  a  very  little  cobalt; 
yellow  artificial  diamond  and  opal  from  horn-silver  (chloride  of  silver) ;  blue  stone  from 
cobalt.     See  Pastes  and  Pigment?  Vitrifiable. 

The  following  are  recipes  for  making  the  different  kinds  of  glass. 

1.  Bottle  glass. — 11  pounds  of  dry  glauber  salts;  12  pounds  of  soaper  salts;  a  half 
bushel  of  waste  soap  ashes ;  56  pounds  of  sand ;  22  pounds  of  glass  skimmings ;  1 
cwt.  of  green  broken  glass ;  25  pounds  of  basalt.  This  mixture  affords  a  dark  green 
glass. 

2.  Yellow  or  white  sand,  100  parts  ;  kelp,  30  to  40;  lixiviated  wood  ashes,  from  160 
to  170  parts ;  fresh  wood  ashes,  30  to  40  parts;  potter's  clay,  80  to  100  parts ;  cullet  or 
broken  glass,  100.     If  basalt  be  used,  the  proportion  of  kelp  may  be  diminished. 

In  two  bottle-glass  houses  in  the  neighborhood  of  Valenciennes,  an  unknown  in- 
gredient, sold  by  a  Belgian,  was  employed,  which  he  called  spar.  This  was  discovered 
by  chemical  analysis  to  be  sulphate  of  baryta.  The  glass-makers  observed  that  the 
bottles  which  contained  some  of  this  substance  were  denser,  more  homogeneous,  more 
fusible,  and  worked  more  kindly,  than  those  formed  of  the  common  materials.  When 
one  prime  equivalent  of  the  silicate  of  baryta  =  123,  is  mixed  with  three  primes  of  the 
silicate  of  soda  =  (3  X  77-6)  232*8,  and  exposed  in  a  proper  furnace,  vitrification 
readily  ensues,  and  the  glass  may  be  worked  a  little  under  a  cherry  red  heat,  with  as 
much  ease  as  a  glass  of  lead,  and  has  nearly  the  same  lustre.  Since  the  ordinary  run 
of  glass-makers  are  not  familiar  with  atomic  proportions,  they  should  have  recourse  to 
a  scientific  chemist,  to  guide  them  in  using  such  a  proportion  of  sulphate  of  baryta  as 
may  suit  their  other  vitreous  ingredients ;  for  an  excess  or  defect  of  any  of  them  will 
injure  the  quality  of  the  glass. 

3.  Green  window  glass,  or  broad  glass. — 11  pounds  of  dry  glauber  salts;  10  pounds  of 
soaper  salts  ;  half  a  bushel  of  lixiviated  soap  waste ;  50  pounds  of  sand  ;  22  pounds  of 
glass  pot  skimmings ;   1  cwt.  of  broken  green  glass. 

4.  Crown  glass. — 300  parts  of  fine  sand ;  200  of  good  soda  ash ;  33  of  lime ;  from 
250  to  300  of  broken  glass;  60  of  white  sand;  30  of  purified  potash;  15  of  saltpetre 
(1  of  borax);  §  of  arsenious  acid. 

5.  Nearly  while  table  glass. — 20  pounds  of  potashes  ;  11  pounds  of  dry  glauber  salts  ; 
16  of  soaper  salt;  55  of  sand;  140  of  cullet  of  the  same  kind.  Another. — 100  of  sand; 
235  of  kelp  ;  60  of  wood  ashes;  IJ  of  manganese  ;   100  of  broken  glass. 

6.  While  table  glass. — 40  pounds  of  potashes;  11  of  chalk;  76  of  sand;  |  of  manga- 
nese ;  95  of  white  cullet. 

Another. — 50  of  purified  potashes ;  100  of  sand  ;  20  of  chalk;  and  2  of  saltpetre. 
Bohemian  table  or  plate  glass  is  made  with  63  parts  of  quartz ;  26  of  purified  pot- 
ashes;  11  of  sifted  slaked  lime,  and  some  cullet. 

7.  Crystal  glass. — 60  parts  of  purified  potashes;  120  of  sand;  24  of  chalk;  2  of  salt- 
petre ;  2  of  arsenious  acid ;  J_  of  manganese. 

Another. — 70  of  purified  pearlashes ;  120  of  white  sand ;  10  of  saltpetre ;  g  of  arse- 
nious acid  ;  i  of  manganese. 

A  third. — 67  of  sand  ;  23  of  purified  pearlashes;  10  of  sifted  slaked  lime;  j  of  man- 
ganese; (5  to  8  of  red  lead). 

A  fourth. — 120  of  white  sand  ;  50  of  red  lead  ;  40  of  purified  pearlash  ;  20  of  salt- 
petre ;   §  of  manganese. 

A  fifth. — 120  of  white  sand ;  40  of  pearlash  purified ;  35  of  red  lead  ;  13  of  saltpetre ; 
^2  of  manganese. 

A  sixth. — 30  of  the  finest  sand;  20  of  red  lead;  8  of  pearlash  purified;  2  of  salt- 
petre ;  a  little  arsenious  acid  and  manganese. 
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A  seventh. — 100  of  sand  ;  45  of  red  lead ;  35  of  purified  pearlashes  ;  1  of  manganese  ; 
I  of  arsenious  acid. 

8.  Plate  glass. — Very  white  sand  300  parts ;  dry  purified  soda  100  parts  ;  carbonate 
of  lime  43  parts;  manganese  1;  cullet  300. 

Another. — Finest  sand   720;  purified   soda  450;  quicklime  80  parts;  saltpetrre  25 
parts ;  cullet  425. 

A  little  borax  has  also  been  prescribed ;  much  of  it  communicates  an  exfoliating  pro- 
perty to  glass. 

Tabular  view  of  the  composition  of  several  kinds  of  Glass. 


Silica    - 

No.  1. 
71-7 

No.  2. 
69-2 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  7. 

No.  8. 

No.  9. 

62-8 

69-2 

60-4 

53-55 

59-2 

51-93 

42-5 

Potash 

12-7 

15-8 

22-1 

8-0 

3-2 

5-48 

9-0 

13-77 

11-7 

Soda     - 

2-5 

3-0 

3-0 

S.  pot. 

Lime    - 

10-3 

7-6 

12-5 

13-0 

20-7 

29-22 

0-5 

Alumina 

0-4 

1-2 

3-6 

10-4 

6-01 

1-8 

Magnesia      - 

2-0 

J 

0-6 

0-6 

Oxyde  of  iron 

0-3 

0-5 

J  2.6 

1-6 

3-8 

5-74 

0-4 

—  manganese 

0-2 

) 

1-0 

—  lead    - 

28-2 

33-28 

43-5 

Baryta 

0-9 

No.  1  is  a  very  beautiful  white  wine  glass  of  Neuwelt  in  Bohemia, 

No.  2.  Glass  lubes,  much  more  fusible  than  common  wine  glasses. 

No.  3.  Crown  glass  of  Bohemia. 

No.  4.  Green  glass,  for  medicinal  vials  and  retorts. 

No.  5.  Flask  glass  of  St.  Etienne,  for  which  some  heavy  spar  is  used. 

No.  6.  Glass  of  Sevres. 

No.  7.  London  glass  employed  for  chemical  and  physical  purposes. 

No.  8.  English  flint  glass. 

No.  9.  Guinand's  flint  glass. 

The  manufacture  of  Glass  beads  at  Murano  near  Venice,  is  most  ingeniously  simple. 
Tubes  of  glass  of  every  color  are  drawn  out  to  great  lengths  in  a  gallery  adjoining  the 
glass-house  pots,  in  the  same  way  as  the  more  moderate  lengths  of  thermom'eter  and 
barometer  tubes  are  drawn  in  our  glass-houses.  These  tubes  are  chopped  into  very  small 
pieces  of  nearly  uniform  length  on  the  upright  edge  of  a  fixed  chisel.  These  elementary 
cylinders,  being  then  put  in  a  heap  into  a  mixture  of  fine  sand  and  wood  ashes,  are  stirred 
about  with  an  iron  spatula  till  their  cavities  get  filled.  This  curious  mkture  is  now 
transferred  to  an  iron  pan  suspended  over  a  moderate  fire  and  continually  stirred  about 
as  before,  whereby  the  cylindrical  bits  assume  a  smooth  rounded  form ;  so  that  when  re- 
moved from  the  fire  and  cleared  out  in  the  bore,  they  constitute  beads,  which  are  packed 
in  casks,  and  exported  in  prodigious  quantities  to  almost  every  country,  especially  to 
Africa  and  Spain. 

GLASS  CUTTING  AND  GRINDING,  for  common  and  optical  purposes.  By  this 
mechanical  process  the  surface  of  glass  may  be  modified  into  almost  any  ornamental  or 
useful  form. 

1.  The  grinding  of  crystal  ware.  This  kind  of  glass  is  best  adapted  to  receive 
polished  facets,  both  on  account  of  its  relative  softness,  and  its  higher  refractive  power, 
which  gives  lustre  to  its  surface.  The  cutting  shop  should  be  a  spacious  long  apart- 
ment, furnished  with  numerous  sky-lights,  having  the  grinding  and  polishing  lathes 
arranged  right  under  them,  which  are  set  in  motion  by  a  steam-engine  or  water-wheel  at 
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one  end  of  the  building.  A  shaft  is  fixed  as  usual 
in  gallowses  along  the  ceiling ;  and  from  the  pulleys 
of  the  shaft,  bands  descend  to  turn  the  different 
lathes,  by  passing  round  the  driving  pulleys  near 
their  ends. 

The  turning  lathe  is  of  the  simplest  construction. 
Fig.  516,  r  is  an  iron  spindle  with  two  well-turned 
prolongations,  running  in  the  iron  puppets  a  a, 
between  two  concave  bushes  of  tin  or  type  metal, 
which  may  be  pressed  more  or  less  together  by  the 
thumb-screws  shown  in  the  figure.  These  two 
puppets  are  made  fast  to  the  wooden  support  b, 
which  is  attached  by  a  strong  screw  and  bolt  to  the 
longitudinal  beam  of  the  workshop  a.      e  is  the  fast  and  loose  pulley  for  putting  the 
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lathe  into  and  out  of  gear  with  the  driving  shaft.  The  projecting  end  of  the  spindle  is 
furnished  with  a  hollow  head-piece,  into  which  the  rod  c  is  pushed  tight.  This  rod  car- 
ries the  cutting  or  grinding  disc  plate.  For  heavy  work,  this  rod  is  fixed  into  the  head 
by  a  screw.  When  a  conical  fit  is  preferred,  the  cone  is  covered  with  lead  to  increase 
the  friction. 

Upon  projecting  rods  or  spindles  of  that  kind  the  different  discs  for  cutting  the  glass 
are  made  fast.  Some  of  these  are  made  of  fine  sandstone  or  polishing  slate,  from  8  to  10 
inches  in  diameter,  and  from  |  to  |  inch  thick.  They  must  be  carefully  turned  and  polish- 
ed at  the  lathe,  not  only  upon  their  rounded  but  upon  their  flat  face,  in  order  to  grind  and 
polish  in  their  turn  the  flat  and  curved  surfaces  of  glass  vessels.  Other  discs  of  the 
same  diameter,  but  only  |  of  an  inch  thick,  are  made  of  cast  tin  truly  turned,  and  serve 
for  polishing  the  vessels  previously  ground ;  a  third  set  consist  of  sheet  iron  from  i  to  5 
an  inch  thick,  and  12  inches  in  diameter,  and  are  destined  to  cut  grooves  in  glass  by  the 
aid  of  sand  and  water.  Small  discs  of  well-hammered  copper  from  |  to  3  inches  in 
diameter,  whose  circumference  is  sometimes  flat,  and  sometimes  concave  or  convex,  serve 
to  make  all  sorts  of  delineations  upon  glass  by  means  of  emery  and  oil.  Lastly,  there 
are  rods  of  copper  or  brass  furnished  with  small  hemispheres  from  J  to  |  of  an  inch  in 
diameter,  to  excavate  round  hollows  in  glass.  Wooden  discs  are  also  employed  for  polish- 
ing, made  of  white  wood  cut  across  the  grain,  as  also  of  cork. 

The  cuttmg  of  deep  indentations,  and  of  grooves,  is  usually  performed  by  the  iron 
disc,  with  sand  and  water,  which  are  allowed  constantly  to  trickle  down  from  a  wooden 
hopper  placed  right  over  it,  and  furnished  with  a  wooden  stopple  or  plug  at  the  apex,  to 
regulate  by  its  greater  or  less  looseness  the  flow  of  the  grinding  materials.  The  same 
eflect  may  be  produced  by  using  buckets  as  shown  in  fig.  517.  The 
sand  which  is  contained  in  the  bucket  r,  above  the  lathe,  has  a  spigot 
and  faucet  inserted  near  its  bottom,  and  is  supplied  with  a  stream  of 
water  from  the  stopcock  in  the  vessel  g,  which,  together  running  down 
the  inclined  board,  are  conducted  to  the  periphery  of  the  disc  as  shown 
in  the  figure,  to  whose  lowest  point  the  glass  vessel  is  applied  with 
pressure  by  the  hand.  The  sand  and  water  are  afterwards  collected  in 
the  tub  H.  Finer  markings,  which  are  to  remain  without  lustre,  are 
made  with  the  small  copper  discs,  emery,  and  oil.  The  polishing  is 
etfected  by  the  edge  of  the  tin  disc,  which  is  from  time  to  time  moisten- 
ed with  putty  (white  oxyde  of  tin)  and  water.  The  wooden  disc  is 
also  employed  for  this  purpose  with  putty,  colcothar,  or  washed  tripoli. 
For  fine  delineations,  the  glass  is  first  traced  over  with  some  colored 
varnish,  to  guide  the  hand  of  the  cutter. 

In  grinding  and  facetting  crystal  glass,  the  deep  grooves  are  first 
cut,  for  example  the  cross  lines,  with  the  iron  disc  and  rounded  edge, 
by  means  of  sand  and  water.  That  disc  is  one  sixth  of  an  inch  thick 
and  12  inches  in  diameter.  With  another  iron  disc  about  half  an  inch  thick,  and  more 
or  less  in  diameter,  according  to  the  curvature  of  the  surface,  the  grooves  may  be  widen- 
ed. These  roughly  cut  parts  must  be  next  smoothed  down  with  the  sandstone  disc  and 
water,  and  then  polished  with  the  wooden  disc  about  half  an  inch  thick,  to  whose  edge 
the  workman  applies,  from  time  to  time,  a  bag  of  fine  linen  containing  some  ground  pumice 
moistened  with  water.  When  the  cork  or  wooden  disc  edged  with  hat  felt  is  used  for 
polishing,  putty  or  colcothar  is  applied  to  it.  The  above  several  processes  in  a  large 
manufactory,  are  usually  committed  to  several  workmen  on  the  principle  of  the  division 
of  labor,  so  that  each  may  become  expert  in  his  department. 

2.  The  grinding  of  optical  glasses. — The  glasses  intended  for  optical  purposes,  being 
spherically  ground,  are  called  lenses ;  and  are  used  either  as  simple  magnifiers  and  spec- 
tacles, or  for  telescopes  and  microscopes.  The  curvature  is  always  a  portion  of  a  sphere, 
and  either  convex  or  concave.  This  form  ensures  the  convergence  or  divergence  of  the 
rays  of  light  that  pass  through  them,  as  the  polishing  does  the  brightness  of  the 
image. 

The  grinding  of  the  lenses  is  performed  in  brass  moulds,  either  concave  or  convex, 
formed  to  the  same  curvature  as  that  desired  in  the  lenses  ;  and  may  be  worked  either  by 
hand  or  by  machinery.  A  gauge  is  first  cut  out  out  of  brass  or  copper  plate  to  suit  the 
curvature  of  the  lens,  the  circular  arc  being  traced  by  a  pair  of  compasses.  In  this  way 
both  a  convex  and  concave  circular  gauge  are  obtained.  To  these  gauges  the  brass 
moulds  are  turned.  Sometimes,  also,  lead  moulds  are  used.  After  the  two  moulds  are 
made,  they  are  ground  face  to  face  with  fine  emery. 

The  piece  of  glass  is  now  roughed  into  a  circular  form  by  a  pair  of  pincers,  leaving 
it  a  little  larger  than  the  finished  lens  ought  to  be,  and  then  smoothed  round  upon  the 
stone  disc,  or  in  an  old  mould  with  emery  and  water,  and  is  next  made  fast  to  a  hold- 
fast. This  consists  of  a  round  brass  plate  having  a  screw  in  its  back ;  and  is  somewhat 
smaller  in  diameter  than  the  lens,  and  two  thirds  as  thick.    This  as  turned  concave  upon 
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the  lathe,  and  then  attached  to  the  piece  of  glass  by  drops  of  pitch  applied  to  several 
points  of  its  surface,  taking  care,  while  the  pitch  is  warm,  that  the  centre  of  the  glass 
coincides  with  the  centre  of  the  brass  plate.  This  serves  not  merely  as  a  holdfast,  by 
enabling  a  person  to  seize  its  edge  with  the  fingers,  but  it  prevents  the  glass  from  bend- 
ing by  the  necessary  pressure  in  grinding. 

The  glass  must  now  be  ground  with  coarse  emery  upon  its  appropriate  mould,  whether 
convex  or  concave,  the  emery  being  all  the  time  kept  moist  with  water.  To  prevent  the 
heat  of  the  hand  from  affecting  the  glass,  a  rod  for  holding  the  brass  plate  is  screwed  to 
its  back.  For  every  six  turns  of  circular  motion,  it  must  receive  two  or  three  rubs  across 
the  diameter  in  different  directions,  and  so  on  alternately.  The  middle  point  of  the  glass 
must  never  pass  beyond  the  edge  of  the  mould;  nor  should  strong  pressure  be  at  any 
time  applied.  Whenever  the  glass  has  assumed  the  shape  of  the  mould,  and  touches  it 
in  every  point,  the  coarse  emery  must  be  washed  away,  finer  be  substituted  in  its  place, 
and  the  grinding  be  continued  as  before,  till  all  the  scratches  disappear,  and  a  uniform 
dead  surface  be  produced.  A  commencement  of  polishing  is  now  to  be  given  with  pum- 
ice stone  powder.  During  all  this  time  the  convex  mould  should  be  occasionally  worked 
in  the  concave,  in  order  that  both  may  preserve  their  correspondence  of  shape  between 
them.  After  the  one  surface  has  been  thus  finished,  the  glass  must  be  turned  over,  and 
treated  in  the  same  way  upon  the  other  side. 

Both  surfaces  are  now  to  be  polished.  With  this  view  equal  parts  of  pitch  and  rosin 
must  be  melted  tosether,  and  strained  through  a  cloth  to  separate  all  impurities.  The 
concave  mould  is  next  to  be  heated,  and  covered  with  that  mixture  in  a  fluid  state  to  the 
thickness  uniformly  of  one  quarter  of  an  inch.  The  cold  convex  mould  is  now  to  be 
pressed  down  into  the  yielding  pitch,  its  surface  being  quite  clean  and  dry,  in  order  to 
give  the  pitch  the  exact  form  of  the  ground  lens ;  and  both  are  to  be  plunged  into  cold 
water  till  they  be  chilled.  This  pitch  impression  is  now  the  mould  upon  which  the 
glass  is  to  be  polished,  according  to  the  methods  above  described,  with  finely  washed 
colcothar  and  water,  till  the  surface  become  perfectly  clear  and  brilliant.  To  prevent  the 
pitch  from  changing  its  figure  by  the  friction,  cross  lines  must  be  cut  in  it  about  |an  inch 
asunder,  and  l-12th  of  an  inch  broad  and  deep.  These  grooves  remove  all  the  super- 
fluous parts  of  the  polishing  powder,  and  tend  to  preserve  the  polishing  surface  of  the 
pitch  clean  and  unaltered.  No  additional  colcothar  after  the  first  is  required  in  this  part 
of  the  process;  but  only  a  drop  of  water  from  time  to  time.  The  pitch  gets  warm  as  the 
polishing  advances,  and  renders  the  friction  more  laborious  from  the  adhesion  between 
the  surfaces.  No  interruption  must  now  be  suffered  in  the  work,  nor  must  either  water 
or  colcothar  be  added ;  but  should  the  pitch  become  too  adhesive,  it  must  be  merely 
breathed  upon,  till  the  polish  be  complete.  The  nearer  the  lens  is  brought  to  a  true  and 
fine  surface  in  the  first  grinding,  the  better  and  more  easy  does  the  polishing  become.  It 
should  never  be  submitted  to  this  process  with  any  scratches  perceptible  in  it,  even 
when  examined  by  a  magnifier. 

As  to  small  lenses  and  spectacle  eyes,  several  are  ground  and  polished  together  in  a 
mould  about  6  inches  in  diameter,  made  fast  to  a  stiffening  plate  of  brass  or  iron  of  a 
shape  corresponding  with  the  mould.  The  pieces  of  glass  are  affixed  by  means  of  drops 
of  pitch,  as  above  described,  to  the  mould,  close  to  each  other,  and  are  then  all  treated  as 
if  they  formed  but  one  large  lens.  Plane  glasses  are  ground  upon  a  surface  of  pitch 
rendered  plane  by  the  pressui-e  of  a  piece  of  plate  glass  upon  it  in  its  softened  state. 

Lenses  are  also  ground  and  polished  by  means  of  machinery,  into  the  details  of  which 
the  limits  of  this  work  will  not  allow  me  to  enter. 

A  Return  to  an  Order  of  the  Honorable  the  House  of  Commons,  dated  1st  March, 
1838,  of  the  Amount  of  Duty  charged  on  Glass ;  distinguishing  the  Amount  charged 
on  Flint,  Plate,  Broad,  Crown,  Bottle,  and  German  Sheet,  in  the  Year  ending  the 
5th  day  of  January,  1838 ;  together  with  the  Amount  of  Drawback  on  each  descrip- 
tion of  Glass ;  the  produce  of  the  Duties  in  England,  Scotland,  and  Ireland,  stated 
separately. 


Amount  of  Duty  charged  on 

Total. 

England 
Scotland 
Ireland 

Flint  Glass. 

Plate. 

Broad. 

Crown. 

Bottle. 

German 
Sheet. 

£       s.   d. 

76,052     1     0 
7,530    9    4 
6,736  12  11 

£      s. 
68,902  10 

£      s. 
10,789  10 

£         s.  d. 

533,404    6    7 

16,423  11     6 

£       s.    d. 

122,617  10    2 

32,246    4     1 

3,642    0    3 

£         s. 
25,511  17 

£       s.    d. 

837,277  14    9 

56,200    4  11 

10,378  13    2 

Total 

90,319     3    3 

68,902  10 

10,789  10 

549,827  18     1 

158,505  14   6 

25,511  17 

903,856  12  10 
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Amount  of  Drawback  on  Exportation. 



Flint  Glass. 

Plate. 

Broad. 

Crown. 

Bottle. 

German 
Sheet. 

Total. 

England 
Scotland 
Ireland 

Total 

£        s.    d. 

15,597    2    7 

l,72fi  15    5 

107  14    s 

£     s.d. 
3,983  17  9 

£    s. 
4  10 

£        s.  d. 

168,892  10    2 

8,626    9    0 

10    9     1 

£  s.  d. 
56,770  10  5 
14,819    8     1 

274  10    5 

£       s.    d. 

22,889  17    9 

32  15    6 

£       s.    d. 

268,138    8    8 

25,205     8    0 

392  14    2 

17,431   12    8 

3,983  17  9     4  10 

177,529    8     3l  71,864     8  11 

22,922  13     3 

293.736  10  10 

£ 

s.  d. 

0 

0  2  per  lb. 

3 

13  6  per  cwt 

1 

10  0      — 

0 

7  0       — 

3 

0  0      — 

The  duties  payable  in  the  United  Kingdom  upon  the  different  descriptions  of  glass 
are,  for — 

Flint  glass,  the  finished  article         ... 
British  plate  or  German  sheet,  and  crown  glass,  ditto 
Broad  glass,  ditto 

Bottles,  ditto 

Plate  glass,  the  fused  material  in  pot 

GLAZES.     See  Pottery. 

GLAZIER  is  the  workman  who  cuts  plates  or  panes  of  glass,  with  the  diamond,  and 
fastens  them  by  means  of  putty  in  frames  or  window  casements.  See  Diamond,  for  an 
explanation  of  its  glass-cutting  property. 

GLAUBER  SALT  is  the  old  name  of  sulphate  of  soda. 

GLOVE  MANUFACTURE.  In  February,  1822,  Mr.  James  Winter,  of  Stoke- 
under-Hambdon,  in  the  county  of  Somerset,  obtained  a  patent  for  an  improvement  upon 

a  former  patent  machine  of  his  for  sewing  and 
pointing  leather  gloves.  Fig.  518  represents 
a  pedestal,  upon  which  the  instrument  called 

523  the  jaws  is  to  be  placed.  Fig.  519  shows  the 
jaws,  which  instead  of  opening  and  closing  by 
a  circular  movement  upon  a  joint  as  described 
in  the  former  specification,  are  now  made  to 
open  and  shut  by  a  parallel  horizontal  move- 
ment, effected  by  a  slide  and  screw;  a  a  is  the 

524  fixed  jaw,  made  of  one  piece,  on  the  under 
side  of  which  is  a  tenon,  to  be  inserted  into 
the  top  of  the  pedestal.  By  means  of  this 
tenon  the  jaws  may  be  readily  removed,  and 
another  similar  pair  of  jaws  placed  in  their 
stead,  which  affords  the  advantage  of  expediting 
the  operation  by  enabling  one  person  to  pre- 
pare the  work  whilst  another  is  sewing  ;  b  b  is 
the  moveable  jaw,  made  of  one  piece.  The 
two  jaws  being  placed  together  in  the  manner 
shown  at^ig.  519,  the  moveable  jaw  traverses 
backwards  and  forwards  upon  two  guide-bars, 
c,  which  are  made  to  pass  through  holes  ex- 
actly fitted  to  them,  in  the  lower  parts  of  the 
jaws.  At  the  upper  parts  of  the  jaws  are 
what  are  called  the  indexes,  d  d,  which  are 
pressed  tightly  together  by  a  spring,  shown  al 
fig.  520,  and  intended  to  be  introduced  be- 
tween the  perpendicular  ribs  of  the  jaws  al 
e.      At  /  is  a   thumbscrew,  passing   through 

the  ribs  for  the  purpose  of  tightening  the  jaws,  and  holding  the  leather  fast  between  the 
indexes  while  being  sewn  ;  this  screw,  however,  will  seldom,  if  ever,  be  necessary  if  the 
spring  is  sufficiently  strong ;  g  is  an  eye  or  ring  fixed  to  the  moveable  jaw,  through  which 
the  end  of  a  lever,  h,  in  fig.  518  passes  ;  this  lever  is  connected  by  a  spring  to  a  treadle, 
i,  at  the  base  of  the  pedestal,  and  by  the  pressure  of  the  right  foot  upon  this  treadle, 
the  moveable  jaw  is  withdrawn  ;  so  that  the  person  employed  in  sewing  may  shift  the 
leather,  and  place  another  part  of  the  glove  between  the  jaws.  The  pieces  called  indexes 
are  connected  to  the  upper  part  of  the  jaws,  by  screws  passing  through  elongated  holes 
which  render  them  capable  of  adjustment. 

The  patentee  states,  that  in  addition  to  the  index  described  in  his  former  patent,  which 
is  applicable  to  what  is  called  round-seam  sewing  only,  and  which  permits  the  leather  to 
expand  but  in  one  direction  when  the  needle  is  passed  through  it,  namely,  upwards,  he 
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now  makes  two  indexes  of  different  construction,  one  of  which  he  calls  the  receding 
index,  and  the  other  the  longitudinally  grooved  index.  Fig.  521  represents  an  end  view, 
and  fig.  522  a  top  view  of  the  receding  index,  which  is  particularly  adapted  for  what  are 
called  "drawn  sewing,  and  prick-seam  sewing;"  this  index,  instead  of  biting  to  the  top, 
is  so  rounded  off  in  the  inside  from  the  bottom  of  the  cross  grooves,  as  to  permit  the 
needles,  by  being  passed  backwards  and  forwards,  to  carry  the  silk  thread  on  each  side 
of  the  leather  without  passing  over  it.  Fig.  523  represents  an  end  view  of  the  longitu- 
dinally grooved  index,  partly  open,  to  show  the  section  of  the  grooves  more  distinctly ; 
and  fig.  524  represents  an  inside  view  of  one  side  of  the  same  index,  in  which  ihe  longi- 
tudinal groove  is  shown  passing  from  fe  to  /.  This  index  is  more  particularly  adapted  to 
round  seam  sewing,  and  permits  the  leather  to  expand  in  every  direction  when  the  needle 
is  passed  through  it,  by  which  the  leather  is  less  strained,  and  the  sewing  consequently 
rendered  much  stronger. 

It  is  obvious  that  the  parallel  horizontal  movement  may  be  effected  by  other  mechani- 
cal means  besides  those  adopted  here,  and  the  chief  novelty  claimed  with  respect  to  that 
movement,  is  its  application  to  the  purpose  of  carrying  the  index  used  in  sewing  and 
pointing  leather  gloves. 

Importation  of  leather  gloves  for  home  consumption  ;  and  amount  of  duty  in 
1836.  1837.  I  1836.  1837. 

1,461,769.      I      1,221,350.      |      £27,558.  £22,923. 

GLOVE-SEWING.  The  following  simple  and  ingenious  apparatus,  invented  by 
an  Englishman,  has  been  employed  extensively  in  Paris,  and  has  enabled  its  proprietors 
to  realize  a  handsome  fortune.  The  French  complain  that  "it  has  inundated  the  world 
with  sloves.  maile  of  excellent  quality,  at  30  per  cent,  under  their  former  wholesale 

prices."  The  instrument  is 
shown  in  profile  ready  for  ac- 
tion in  fig.  525.  It  resembles 
an  iron  vice,  having  the  upper 
portion  of  each  jaw  made  of 
brass,  and  tipped  with  a  kind 
of  comb  of  the  same  metal.  The 
teeth  of  this  comb,  only  one 
twelfth  of  an  inch  long,  are 
perfectly  regular  and  equal. 
Change  combs  are  provided  for 
different  styles  of  work.  The 
vice  A  A  is  made  fast  to  the 
edge  of  the  bench  or  table  b, 
of  the  proper  height,  by  a 
thumb-screw  c,  armed  with  a 
cramp  which  lays  hold  of  the 
wood.  Of  the  two  jaws  com- 
posing the  machine,  the  one  d 
is  made  fast  to  the  foot  A  A,  but  the  other  e  is  moveable  upon  the  solid  base  of  the  machine, 
by  means  of  a  hinge  at  the  point  f.  At  i  i  is  shown  how  the  upper  brass  portion  is  ad- 
justed to  the  lower  part  made  of  iron  ;  the  two  being  secured  to  each  other  by  two  stout 
screws.  The  comb,  seen  separately  in  fi.g.  527,  is  made  fast  to  the  upper  end  of  each 
jaw,  by  the  three  screws  n  n  n.  Fig.  526  is  a  front  view  of  the  jaw  mounted  with  its 
comb,  to  illustrate  its  construction. 

The  lever  k  corresponds  by  the  stout  iron  wire  l,  with  a  pedal  pressed  by  the  needle- 
woman's foot,  whenever  she  wishes  to  separate  the  two  jaws,  in  order  to  insert  between 
them  the  parallel  edges  of  leather  to  be  sewed.  The  instant  she  lifts  her  foot,  the  two 
jaws  join  by  the  force  of  the  spring  g,  which  pushes  the  moveable  jaw  e  against  the 
stationary  one  d.     The  spring  is  made  fast  to  the  frame  of  the  vice  by  the  screw  h. 

After  putting  the  double  edge  to  be  sewed  in  its  place,  the  woman  passes  her  needle 
successively  through  all  the  teeth  of  the  comb,  and  is  sure  of  making  a  regular  seam  in 
every  direction,  provided  she  is  careful  to  make  the  needle  graze  along  the  bottom  of  the 
notches.  As  soon  as  this  piece  is  sewed,  she  presses  down  the  pedal  with  her  toes, 
whereby  the  jaws  start  asunder,  allowing  her  to  introduce  a  new  seam,  and  so  in  quick 
succession. 

The  comb  may  have  any  desired  shape,  straight  or  curved;  and  the   teeth  may  be 

larger  or  smaller,  according  to  the  kind  of  work  to  be  done.     With  this  view,  the  combs 

might  be  changed  as  occasion  requires;  but  it  is  more  economical  to  have  sets  of  vices 

ready  mounted  with  combs  of  every  requisite  size  and  form. 

GLUCINA    {Glucine,  Fr. ;    Berryllerde,   Germ.)   is  one  of   the   primitive    earths, 
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originally  discovered  by  Vauquelin,  in  the  beryl  and  emerald.  It  may  be  extracted 
from  either  of  these  minerals,  by  treating  their  powder  successively  with  potash,  with 
water,  and  with  muriatic  acid.  The  solution  by  the  latter,  being  evaporated  to  dryness, 
is  to  be  digested  with  water,  and  filtered.  On  pouring  carbonate  of  ammonia  in  excess 
into  the  liquid,  we  form  soluble  muriate  of  ammonia,  with  insoluble  carbonates  of  lime, 
chrome,  and  iron,  as  also  carbonate  of  glucina,  which  may  be  dissolved  out  from  the  rest 
by  an  excess  of  carbonate  of  ammonia.  When  the  liquid  is  filtered  anew,  the  glucina 
passes  through,  and  may  be  precipitated  in  the  state  of  a  carbonate  by  boiling  the  liquid, 
which  expels  the  excess  of  ammonia.  By  washing,  drying,  and  calcining  the  carbonate, 
pure  glucina  is  obtained.  It  is  a  white  insipid  powder,  infusible  in  the  heal  of  a  smith's 
forge,  insoluble  in  water,  but  soluble  in  caustic  potash  and  soda ;  as  also,  especially  when 
it  is  a  hydrate,  in  carbonate  of  ammonia.  It  has  a  metallic  base  called  glucinum,  of  which 
100  parts  combine  with  45-252  of  oxygen  to  form  the  earth.  It  is  too  rare  to  be  suscep- 
tible of  application  in  manufactures. 

GLUE  (CoUe  forte,  Fr. ;  Leim,  Tischlerleim,  Germ.)  is  the  chemical  substance 
gelatine  in  a  dry  state.  The  preparation  and  preservation  of  the  skin  and  other 
animal  matters  employed  in  the  manufacture  of  glue,  constitute  a  peculiar  branch 
of  industry.  Those  who  exercise  it  should  study  to  prevent  the  fermentation  of 
the  substances,  and  to  diminish  the  cost  of  carriage  by  depriving  them  of  as  much 
water  as  can  conveniently  be  done.  They  may  then  be  put  in  preparation  by  macerat- 
ing them  in  milk  of  lime,  renewed  three  or  four  times  in  the  course  of  a  fortnight 
or  three  weeks.  This  process  is  performed  in  large  tanks  of  masonry.  They  are 
next  taken  out  with  all  the  adhering  lime,  and  laid  in  a  layer,  2  or  3  inches  thick, 
to  drain  and  dry,  upon  a  sloping  pavement,  where  they  are  turned  over  by  prongs, 
two  or  three  times  a  day.  The  action  of  the  lime  dissolves  the  blood  and  certain 
soft  parts,  attacks  the  epidermis,  and  disposes  the  gelatinous  matter  to  dissolve  more 
readily.  When  the  cleansed  matters  are  dried,  they  may  be  packed  in  sacks  or  hogs- 
heads, and  transported  to  the  glue  manufactory  at  any  distance.  The  principal 
substances  of  which  glue  is  made  are  the  parings  of  ox  and  other  thick  hides,  which 
form  the  strongest  article  ;  the  refuse  of  the  leather  dresser ;  both  aflbrd  from  45  to  55 
per  cent,  of  glue.  The  tendons,  and  many  other  offals  of  slaughter  houses,  also  afford 
materials,  though  of  an  inferior  quality,  for  the  purpose.  The  refuse  of  tanneries, 
such  as  the  ears  of  oxen,  calves,  sheep,  &c.,  are  better  articles ;  but  parings  of  parch- 
ment, old  gloves,  and,  in  fact,  animal  skin,  in  every  form,  uncombined  with  tannin,  may 
be  made  into  glue. 

The  manufacturer  who  receives  these  materials,  is  generally  careful  to  ensure  their 
purification  by  subjecting  them  to  a  weak  lime  steep,  and  rinsing  them  by  exposure  in 
baskets  to  a  stream  of  water.  They  are  lastly  drained  upon  a  sloping  surface,  as  above 
described,  and  well  turned  over  till  the  quicklime  gets  mild  by  absorption  of  carbonic 
acid  ;  for,  in  its  caustic  state,  it  would  damage  the  glue  at  the  heat  of  boiling  water.  It 
is  not  necessary,  however,  to  dry  them  before  they  are  put  into  the  boiler,  because  they 
dissolve  faster  in  their  soflt  and  tumefied  state. 

The  boiler  is  made  of  copper,  rather  shallow  in  proportion  to  its  area,  with  a  uniform 
flat  bottom,  equably  exposed  all  over  to  the  flame  of  the  fire.  Above  the  true  bottom 
there  is  a  false  one  of  copper  or  iron,  pierced  with  holes,  and  standing  upon  feet  3  or  4 
inches  high  ;  which  serves  to  sustain  the  animal  matters,  and  prevent  them  from  being  in- 
jured  by  the  fire.  The  copper  being  filled  to  two  thirds  of  its  height  with  soft  water,  is  then 
heaped  up  with  the  bulky  animal  substances,  so  high  as  to  surmount  its  brim.  But  soon 
after  the  ebullition  begins  they  sink  down,  and,  in  a  few  hours,  get  entirely  immersed  in 
the  liquid.  They  should  be  stirred  about  from  time  to  time,  and  well  pressed  down  to- 
ward the  false  bottom,  while  a  steady  but  gentle  boil  is  maintained. 

The  solution  must  be  drawn  off  in  successive  portions ;  a  method  which  fractions  the 
products,  or  subdivides  them  into  articles  of  various  value,  gradually  decreasing  from  the 
first  portion  drawn  off  to  the  last.  It  has  been  ascertained  by  careful  experiments  that 
gelatine  sets  altered  over  the  fire  very  soon  after  it  is  dissolved,  and  it  ought  therefore  to  be 
drawn  off  whenever  it  is  sufficiently  fluid  and  strong  for  forming  a  clear  gelatinous  mass 
on  cooling,  capable  of  being  cut  into  moderately  firm  slices  by  the  wire.  This  point  is 
commonly  determined  by  filling  half  an  egg-shell  with  the  liquor,  and  exposing  it  to  the 
air  to  cool.  The  jelly  ought  to  get  very  consistent  in  the  course  of  a  few  minutes  ;  if  not 
so,  the  boiling  must  be  persisted  in  a  little  longer.  When  this  term  is  attained,  the  fire  is 
smothered  up,  and  the  contents  of  the  boiler  are  left  to  settle  for  a  quarter  of  an  hour. 
The  stop-cock  being  partially  turned,  all  the  thin  gelatinous  liquor  is  run  off  into  a  deep 
boiler,  immersed  in  a  warm  water  bath,  so  that  it  may  continue  hot  and  fluid  for  several 
hours.  At  the  end  of  this  time,  the  supernatant  clear  liquid  is  to  be  drawn  off  into  con- 
gealing boxes,  as  will  be  presently  explained. 

The  grounds,  or  undissolved  matters  in  the  boiler,  are  to  be  again  supplied  with  a 
quantity  of  boiling  water  from  an  adjoining  copper,  and  are  to  be  once  more  subjected  to 
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the  action  of  the  fire,  till  the  contents  assume  the  appearance  of  dissolved  jelly,  and  afford 
a  fresh  quantity  of  strong  glue  liquor,  by  the  stop-cock.  The  grounds  should  be  sub- 
iected  a  third  time  to  this  operation,  after  which  they  may  be  put  into  a  bag,  and  squeezed 
in  a  press  to  leave  nothing  unextracted.  The  latter  solutions  are  usually  too  weak  to 
form  glue  directly,  but  they  may  be  strengthened  by  boiling  with  a  portion  of  fresh 
skin-parings. 
Fig.  528  represents  a  convenient  apparatus  for  the  boiling  of  skins  into  glue,  in  which 


there  are  three  coppers  upon  three  different  levels ;  the  uppermost,  being  acted  upon  by 
the  waste  heat  of  the  chimney,  provides  warm  water  in  the  most  economical  way ;  the 
second  contains  the  crude  materials,  with  water  for  dissolving  them ;  and  the  third 
receives  the  solution  to  be  settled.  The  last  vessel  is  double,  with  water  contained 
between  the  outer  and  inner  one;  and  discharges  its  contents  by  a  stop-cock  into  buck- 
ets for  filling  the  gelatinizing  wooden  boxes.  The  last  made  solution  has  about  one 
five-hundredth  part  of  alum  in  powder  usually  added  to  it,  with  proper  agitation,  after 
which  it  is  left  to  settle  for  several  hours. 

The  three  successive  boils  furnish  three  different  qualities  of  glue. 

Flanders  or  Dutch  glue,  long  much  esteemed  on  the  Continent,  was  made  in  the 
manner  above  described,  but  at  two  boils,  from  animal  offals  well  washed  and  soaked,  so 
as  to  need  less  boiling.  The  liquor,  being  drawn  off  thinner,  was  therefore  less  colored, 
and  being  made  into  thinner  plates,  was  very  transparent.  The  above  two  boils  gave  two 
qualities  of  glue. 

By  the  English  practice,  the  whole  of  the  animal  matter  is  brought  into  solutiqji  at  once, 
and  the  liquor  being  drawn  off,  hot  water  is  poured  on  the  residuum,  and  made  to  boil  on 
it  for  some  time,  when  the  liquor  thus  obtained  is  merely  used  instead  of  water  upon  a 
fresh  quantity  of  glue  materials.  The  first  drawn  off  liquor  is  kept  hot  in  a  settling  cop- 
per for  five  hours,  and  then  the  clear  solution  is  drawn  off  into  the  boxes. 

These  boxes  are  made  of  deal,  of  a  square  form,  but  a  little  narrower  at  bottom  than 
at  top.  "When  very  regular  cakes  of  glue  are  wished  for,  cross  grooves  of  the  desired 
square  form  are  cut  in  the  bottom  of  the  box.  The  liquid  glue  is  poured  into  the  boxes 
placed  very  level,  through  funnels  furnished  with  filter  cloths,  till  it  stands  at  the  brim 
of  each.  The  apartment  in  which  this  is  done  ought  to  be  as  cool  and  dry  as  possible, 
to  favor  the  solidification  of  the  glue,  and  should  be  floored  with  stone  flags  kept  very 
clean,  so  that  if  any  glue  run  through  the  seams,  it  may  be  recovered.  At  the  end  of 
12  or  18  hours,  or  usually  in  the  morning  if  the  boxes  have  been  filled  over- 
night, the  glue  is  sufircienlly  firm  for  the  nets,  and  they  are  at  thife  time  removed  to 
an  upper  story,  mounted  with  ventilating  windows  to  admit  the  air  from  all  quarters. 
Here  the  boxes  are  inverted  upon  a  moistened  table,  so  that  the  gelatinous  cake  thus 
turned  out  will  not  adhere  to  its  surface;  usually  the  moist  blade  of  a  Ion?  knife  is 
insinuated  round  the  sides  of  the  boxes  beforehand,  to  loosen  the  glue.  The  mass  is  first 
divided  into  horizontal  layers  by  a  brass  wire  stretched  in  a  frame,  like  that  of  a  bow- 
saw, and  guided  by  rulers  which  are  placed  at  distances  corresponding  to  the  desired 
thickness  of  the  cake  of  glue.  The  lines  formed  by  the  grooves  in  the  bottom  of  the 
box  define  the  superficial  area  of  each  cake,  where  it  is  to  be  cut  with  a  moist  knife. 
The  gelatinous  layers  thus  formed  must  be  dexterously  lifted,  and  immediately  laid 
upon  nets  stretched  in  wooden  frames,  till  each  frame  be  filled.  These  frames  are  set 
over  each  other  at  distances  of  about  three  inches,  being  supported  by  small  wooden 
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pegs,  stuck  into  mortise  holes  in  an  upright,  fixed  round  the  room  ;  so  that  the  air  may 
have  perfectly  free  access  on  every  side.  The  cakes  must  moreover  be  turned  upside  down 
upon  the  nets  twice  or  thrice  every  day,  which  is  readily  managed,  as  each  frame  may  be 
slid  out  like  a  drawer,  upon  the  pegs  at  its  two  sides. 

The  drying  of  the  glue  is  the  most  precarious  part  of  the  manufacture.  The  least 
disturbance  of  the  weather  may  injure  the  glue  during  the  two  or  three  first  days  of  its 
exposure  ;  should  the  temperature  of  the  air  rise  considerably,  the  gelatine  may  turn  so 
soft  as  to  become  unshapely,  and  even  to  run  through  the  meshes  upon  the  pieces  below, 
or  it  may  get  attached  to  the  strings  and  surround  them,  so  as  not  to  be  separable 
without  plunging  the  net  into  boiling  water.  If  frost  supervene,  the  water  may  freeze 
and  form  numerous  cracks  in  the  cakes.  Such  pieces  must  be  immediately  re-melted 
and  re-formed.  A  slight  fog  even  produces  upon  glue  newly  exposed  a  serious  deteriora- 
tion; the  damp  condensed  upon  its  surface  occasioning  a  general  mouldiness.  ^  A  thun- 
derstorm sometimes  destroys  the  coagulating  power  in  the  whole  laminae  at  once;  or  causes 
the  glue  to  turn  on  the  nets,  in  the  language  of  the  manufacturer.  A  wind  too  dry  or 
too  hot  may  cause  it  to  dry  so  quickly,  as  to  prevent  it  from  contracting  to  its  proper  size 
without  numerous  cracks  and  fissures.  In  this  predicament,  the  closing  of  all  the  flaps 
of  the  windows  is  the  only  means  of  abating  the  mischief.  On  these  accounts  it  is  of  im- 
portance to  select  the  most  temperate  season  of  the  year,  such  as  spring  and  autumn,  for 
the  glue  manufacture. 

After  tlie  glue  is  dried  upon  the  nets  it  may  still  preserve  too  much  flexibility,  or  softness 
at  least,  to  be  saleable  ;  in  which  case  it  must  be  dried  in  a  stove  by  artificial  heat.  This 
aid  is  peculiarly  requisite  in  a  humid  climate,  like  that  of  Great  Britain. 

When  sufficiently  dry  it  next  receives  a  gloss,  by  being  dipped  cake  by  cake  in  hot 
water,  and  then  rubbed  with  a  brush  also  moistened  in  hot  water  ;  after  which  the  glue 
is  arranged  upon  a  hurdle,  and  transferred  to  the  stove  room,  if  the  weather  be  not 
sufl5cienlly  hot.  One  day  of  proper  drought  will  make  it  ready  for  being  packed  up  in 
casks. 

The  pale-colored,  hand,  and  solid  article,  possessing  a  brilliant  fracture,  which  is  made 
from  the  parings  of  ox-hides  by  the  first  process,  is  the  best  and  most  cohesive,  and  is 
most  suitable  for  joiners,  cabinet-makers,  painters,  &c.  But  many  workmen  are  influ- 
enced by  such  ignorant  prejudices,  that  they  still  prefer  a  dark-colored  article,  with  some- 
what of  a  fetid  odor,  indicative  of  its  impurity  and  bad  preparation,  the  result  of  bad 
materials  and  too  long  exposure  to  the  boiling  heat. 

There  is  a  good  deal  of  glue  made  in  France  from  bones,  freed  from  the  phosphate  of 
lime  by  muriatic  acid.  This  is  a  poor  article,  possessing  little  cohesive  force.  It  dis- 
solves almost  entirely  in  cold  water,  which  is  the  best  criterion  of  its  imperfection.  Glue 
should  merely  soften  in  cold  water,  and  the  more  considerably  it  swells,  the  better,  gener- 
ally speakine,  it  is. 

Some  manufacturers  prefer  a  brass  to  a  copper  pan  for  boiling  glue,  and  insist  much 
on  skimmins  it  as  it  boils;  but  the  apparatus  I  have  represented  renders  skimming  of 
little  consequence.  For  use,  glue  should  be  broken  into  small  pieces,  put  along  with  some 
water  into  a  vessel,  allowed  to  soak  for  some  hours,  and  subjected  to  the  heat  of  a  boil- 
ing-water bath,  but  not  boiled  itself.  The  surrounding  hot  water  keeps  it  long  in  a  fit  state 
for  joiners,  cabinet-makers,  &c. 

Water  containing  only  one  hundredth  part  of  good  glue,  forms  a  tremulous  solid. 
When  the  solution,  however,  is  healed  and  cooled  several  times,  it  loses  the  property  of 
gelatinizina;,  even  though  it  be  enclosed  in  a  vessel  hermetically  sealed.  Isinglass  or  fish- 
glue  undergoes  the  same  change.  Common  glue  is  not  soluble  in  alcohol,  but  is  pre- 
cipitated in  a  while,  coherent,  elastic  mass,  when  its  watery  solution  is  treated  with  that 
fluid.  By  transmitting  chlorine  gas  through  a  warm  solution  of  glue  a  combination 
is  very  readily  effected,  and  a  viscid  mass  is  obtained  like  that  thrown  down  by  alcohol. 
A  little  chlorine  suffices  to  precipitate  the  whole  of  the  glue.  Concentrated  sulphuric 
acid  makes  glue  undergo  remarkable  changes  ;  during  which  are  produced,  sugar  of  gela- 
tine, leucine,  an  animal  matter,  &c.  Nitric  acid,  with  the  aid  of  heat,  converts  glue  into 
malic  acid,  oxalic  acid,  a  fat  analogous  to  suet,  and  into  tannin ;  so  that,  in  this  way, 
one  piece  of  .skin  may  be  made  to  tan  another.  When  the  mixture  of  glue  and  nitric 
acid  is  much  evaporated,  a  detonation  at  last  takes  place.  Strong  acetic  acid  renders 
glue  first  soft  and  transparent,  and  then  dissolves  it.  Though  the  solution  does  not 
gelatinize,  it  preserves  the  property  of  gluing  surfaces  together  when  it  dries.  Liquid 
glue  dissolves  a  considerable  quantity  of  lime,  and  also  of  the  phosphate  of  lime  recently 
precipitated.  Accordingly  glue  is  sometimes  contaminated  with  that  salt.  Tannin 
both  natural  and  artificial  combines  with  glue;  and  with  such  efiect,  that  one  part  of 
glue  dissolved  in  5000  parts  of  water  affords  a  sensible  precipitate  wiih  the  infusion  of 
nutgalls.  Tannin  unites  with  glue  in  several  proportions,  which  are  to  each  other  as 
the  numbers  1,  I|,  and  2  ;  one  compound  consists  of  100  glue  and  89  tannin  ;  another 
of  100  glue  and  60  tannin ;   and  a  third  of  100  glue  and  120  tannin.     These  two  sub- 
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stances   cannot    be   afterwards   separated   from   each   other   by  any  known   chemical 
process. 

Glue  may  be  freed  from  the  foreign  animal  matters  generally  present  in  it,  by  soft- 
ening it  in  cold  water,  washing  it  with  the  same  several  times  till  it  no  longer  gives  out 
any  color,  then  bruising  it  with  the  hand,  and  suspending  it  in  a  linen  bag  beneath  the 
surface  of  a  large  quantity  of  water  at  60°  F.  In  this  case,  the  water  loaded  wilh  the 
soluble  impurities  of  the  glue  gradually  sinks  to  the  bottom  of  the  vessel,  while  the  pure 
glue  remains  in  the  bag  surrounded  with  water.  If  this  softened  glue  be  heated  to  92" 
without  adding  water,  it  will  liquefy  ;  and  if  we  heat  it  to  122°,  and  filter  it,  some  albu- 
minous and  other  impurities  will  remain  on  the  filter,  while  a  colorless  solution  of  glue 
will  pass  through. 

Experiments  have  not  yet  explained  how  gelatine  is  formed  from  skin  by  ebullition. 
It  is  a  change  somewhat  analogous  to  that  of  starch  into  gum  and  sugar,  and  takes  place 
without  any  appreciable  disengagement  of  gas,  and  even  in  close  vessels.  Gelatine,  says 
Berzelius,  does  not  exist  in  the  living  body,  but  several  animal  tissues,  such  as  skin, 
cartilages,  hartshorn,  tendons,  the  serous  membranes,  and  bones,  are  susceptible  of  being 
converted  into  it. 

GLUTEN  (ColkVegetale,Fr.;  Kkher,  Germ.)  was  first  extracted  by  Beccaria  from 
wheat  flour,  and  was  long  regarded  as  a  proximate  principle  of  plants,  till  Einhof,  Tad- 
dei,  and  Berzelius  succeeded  in  showing  that  it  may  be  resolved  by  means  of  alcohol  into 
three  different  substances,  one  of  which  resembles  closely  animal  albumine,  and  has  been 
called  Zymome,  or  vegetable  albumine;  another  has  been  caWeA  Gliadine ;  and  a  third, 
Mucine.  The  mode  of  separating  gluten  from  the  other  constituents  of  wheat  flour  has 
been  described  towards  the  end  of  the  article  Bread. 

Gluten,  when  dried  in  the  air  or  a  stove,  diminishes  greatly  in  size,  becomes  hard,  brit- 
tle, glistening,  and  of  a  deep  yellow  color.  It  is  insoluble  in  ether,  in  fat,  and  essential 
oils,  and  nearly  so  in  water.  Alcohol  and  acetic  acid  cause  gluten  to  swell  and  make  a 
sort  of  milky  solution.  Dilute  acids  and  alkaline  leys  dissolve  gluten.  Its  ultimate  con- 
stituents are  not  determined,  but  azote  is  one  of  them,  and  accordingly  when  moist  gluten 
is  left  to  ferment,  it  exhales  the  smell  of  old  cheese. 

GLYCERINE  is  a  sweet  substance  which  may  be  extracted  from  fatty  substances. 
If  we  take  equal  parts  of  olive  oil  and  finely-ground  litharge,  put  them  into  a  basin  wilh 
a  little  water,  set  this  on  a  sand  bath  moderately  heated,  and  stir  the  mixture  constantly, 
with  the  occasional  addition  of  hot  water  to  replace  what  is  lost  by  evaporation,  we  shall 
obtain  in  a  short  time  a  soap  or  plaster  of  lead.  After  having  added  more  water  to  this, 
we  remove  the  vessel  from  the  fire,  decant  the  liquor,  filter  it,  pass  sulphureted  hydrogen 
Ihrocgh  it  to  separate  the  lead,  then  filter  afresh,  and  concentrate  the  liquor  as  much  as 
is  possible  without  burning  upon  the  sand  bath.  What  remains  must  be  finally  evapora- 
ted within  the  receiver  of  the  air-pump.  Glycerine  thus  prepared  is  a  transparent  liquid, 
wfthout  color  or  smell,  and  of  a  sirupy  consistence.  It  has  a  veiy  sweet  taste.  Its  spe- 
cific gravity  is  1-27  at  the  temperature  of  60°.  When  thrown  upon  burning  coals,  it 
takes  fire  and  burns  like  an  oil.  Water  combines  with  ii  in  almost  all  proportions ;  alco- 
hol dissolves  it  readily  ;  nitric  acid  converts  it  into  oxalic  acid  ;  and  according  to  Vogel, 
sulphuric  acid  transforms  it  into  sugar,  in  the  same  way  as  it  does  starch.  Ferment  or 
yeast  does  not  affect  it  in  any  degree. 

Its  constituents  are,  carbon,  40  ;  hydrogen,  9;  oxygen,  51;  in  100. 

GNEISS  is  the  name  of  one  of  the  great  mountain  formations,  being  reckoned  the 
oldest  of  the  stratified  rocks.  It  is  composed  of  the  same  substances  as  granite,  viz.: 
quartz,  mica,  and  feldspar.  In  gneiss,  however,  they  are  not  in  granular  crystals,  but  in 
scales,  so  as  to  give  the  mass  a  slaty  structure.     It  abounds  in  metallic  treasures. 

GOLD  (Eng.  and  Germ. ;  Or,  Fr.).  This  metal  is  distinguished  by  its  splendid 
yellow  color;  its  great  density  =  19'3,  compared  to  water  1*0;  its  fusibility  at  the 
32d  degree  of  Wedgewood's  pyrometer ;  its  pre-eminent  ductility  and  malleability, 
whence  it  can  be  beat  into  leaves  only  one  282,000th  of  an  inch  thick;  and  its  insolu- 
bility in  any  acid  menstruum,  except  the  mixture  of  muriatic  and  nitric  acids,  styled 
by  the  alchymists  aqua  regia,  because  gold  was  deemed  by  them  to  be  the  king  of 
metals. 

Gold  is  found  only  in  the  metallic  state,  sometimes  crystallized  in  the  cube,  and  its  de 
rivative  forms.  It  occurs  also  in  threads  of  various  size,  twisted  and  interlaced  into  a  chain 
of  minute  octahedral  crystals ;  as  also  in  spangles  or  roundish  grains,  which,  when  of  a 
certain  magnitude,  are  ca.\\ed  pepUas.  The  small  grains  are  not  fragments  broken  from 
a  greater  mass  ;  but  they  show  by  their  flattened  ovoid  shape,  and  their  rounded  outline, 
that  this  is  their  original  state.  The  spec.  grav.  of  native  gold  varies  from  13-3  to  I7*7. 
Humboldt  states  that  the  largest  pepita  known  was  one  found  in  Peru,  weighing  about 
12  kilogrammes  (26^  lbs.  avoird.) ;  but  masses  have  been  quoted  in  the  province  of 
Quito  which  weighed  nearly  four  times  as  much. 

Another  ore  of  gold  is    the  alloy  with  silver,  or  argental  gold,  the  electrum  of  Plinj^, 
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so  called  from  its  amber  shade.  It  seems  to  be  a  definite  compound,  containing  in  100 
parts,  64  of  gold  and  36  of  silver. 

The  mineral  formations  in  which  this  metal  occurs,  are  the  crystalline  primitive  rocks, 
the  compact  transition  rocks,  the  trachytic  and  trap  rocks,  and  alluvial  grounds. 

It  never  predominates  to  such  a  degree  as  to  constitute  veins  by  itself.  It  is  either  dis- 
seminated, and  as  it  were  impasted  in  stony  masses,  or  spread  out  in  thin  plates  or  grains 
on  their  surface,  or,  lastly,  implanted  in  their  cavities,  under  the  shape  of  filaments  or 
crystallized  twigs.  The  minerals  composing  the  veins  are  either  quartz,  calcspar,  or 
sulphate  of  baryta.  The  ores  that  accompany  the  gold  in  these  veins  are  chiefly  iroa 
l)yrites,  copper  pyrites,  galena,  blende,  and  mispickel  (arsenical  pyrites). 

In  the  ores  called  auriferous  pyrites,  this  metal  occurs  either  in  a  visible  or  invisible 
form,  and  though  invisible  in  the  fresh  pyrites,  becomes  visible  by  its  decomposition;  as 
the  hydrated  oxyde  of  iron  allows  the  native  gold  particles  to  shine  forth  on  their  reddish- 
brown  ground,  even  when  the  precious  metal  may  constitute  only  the  five  millionth  part 
of  its  weight,  as  at  Rammelsberg  in  the  Hartz.  In  that  state  it  has  been  extracted  with 
profit ;  most  frequently  by  amalgamation  with  mercury,  proving  that  the  gold  was  in  the 
native  state,  and  not  in  that  of  a  sulphuret. 

Gold  exists  among  the  primitive  strata,  disseminated  in  small  grains,  spangles,  and 
crystals.  Brazil  all'ords  a  remarkable  example  of  this  species  of  gold  mine.  Beds  of 
granular  quartz,  or  micaceous  specular  iron,  in  the  Sierra  of  Cocaes,  12  leagues  beyond 
Villa  Rica,  which  form  a  portion  of  a  mica-slate  district,  include  a  great  quantity  of 
native  gold  in  spangles,  which  in  this  ferruginous  rock  replace  mica. 

Gold  has  never  been  observed  in  any  secondary  formation,  but  pretty  abundantly  in 
its  true  and  primary  locality  among  the  trap  rocks  of  igneous  origin ;  implanted  on  the 
sides  of  the  fissures,  or  disseminated  in  the  veins. 

The  auriferous  ores  of  Hungary  and  Transylvania,  composed  of  tellurium,  silver 
pyrites  or  sulphuret  of  silver,  and  native  gold,  lie  in  masses  or  powerful  veins  in  a  rock 
of  trachyte,  or  in  a  decomposed  feldspar  subordinate  to  it.  Such  is  the  locality  of  the 
gold  ore  of  Konigsberg,  of  Telkebanya,  between  Eperies  and  Tokay  in  Hungary,  and 
probably  that  of  the  gold  ores  of  Kapnick, Felsobanya,  &c.,  in  Transylvania;  an  arrange- 
menent  nearly  the  same  with  what  occurs  in  Equatorial  America.  The  auriferous  veins 
of  Guanaxuato,  of  Real  del  Monte,  of  Villalpando,  are  similar  to  those  of  Scheinnitz  in 
Hungary,  as  to  magnitude,  relative  position,  the  nature  of  the  ores  they  include,  and  of 
the  rocks  they  traverse.  These  districts  have  impressed  all  mineralogists  with  the  evi- 
dences of  the  action  of  volcanic  fire.  Breislak  and  Hacquet  have  described  the  gold 
mines  of  Transylvania  as  situated  in  the  crater  of  an  ancient  volcano.  It  is  certain  that 
the  trachytes  which  form  the  principal  portions  of  the  rocks  including  gold,  are  now 
almost  universally  regarded  as  of  igneous  or  volcanic  origin. 

It  would  seem,  however,  that  the  primary  source  of  the  gold  is  not  in  these  rocks,  but 
rather  in  the  sienites  and  greenstone  porphyries  below  them,  which  in  Hungary  and 
Transylvania  are  rich  in  great  auriferous  deposites ;  for  gold  has  never  been  found  in 
the  trachyte  of  the  Euganean  mountains,  of  the  mountains  of  the  Vicentin,  of  those 
of  Auvergne;  all  of  which  are  superposed  upon  granite  rocks,  barren  in  metal. 

Finally,  if  it  be  true  that  the  ancients  worked  mines  of  gold  in  the  island  of  Ischia,  it 
would  be  another  example,  and  a  very  remarkable  one,  of  the  presence  of-  this  metal  in 
trachytes  of  an  origin  evidently  volcanic. 

Gold  is,  however,  much  more  common  in  the  alluvial  grounds  than  among  the  primi- 
tive and  pyrogenous  rocks  just  described.  It  is  found  disseminated  under  the  form  of 
spangles,  in  the  silicious,  argillaceous,  and  ferruginous  sands  of  certain  plains  and  rivers, 
especially  in  their  re-entering  angles,  at  the  season  of  low  water,  and  after  storms  and 
temporairy  floods. 

It  has  been  supposed  that  the  gold  found  in  the  beds  of  rivers  had  been  torn  out 
by  the  waters  from  the  veins  and  primitive  rocks,  which  they  traverse.  Some  have 
even  searched,  but  in  vain,  at  the  source  of  auriferous  streams,  for  the  native  bed  of  this 
precious  laetal.  The  sold  in  them  belongs,  however,  to  the  grounds  washed  by  the  waters 
as  they  glide  along.  This  opinion,  suggested  at  first  by  Delius,  and  supported  by  Deborn, 
Guettard,  Robiiant,  Balbo,  &c.,  is  founded  upon  just  observations.  1.  The  soil  of  these 
plains  contains,  frequently,  at  a  certain  depth  and  in  several  spots,  spangles  of  gold, 
separable  by  washing.  2.  The  beds  of  the  auriferous  rivers  and  streamlets  contain 
more  gold  after  storms  of  rain  upon  the  plains  than  in  any  other  circumstances.  3.  It 
happens  almost  always  that  gold  is  found  among  the  sands  of  rivers  only  in  a  very  cir- 
cumscribed space;  on  ascending  these  rivers  their  sands  cease  to  afford  gold;  though 
did  this  metal  come  from  the  rocks  above,  it  should  be  found  more  abundantly  near  the 
source  of  the  rivers.  Thus  it  is  known  that  the  Oreo  contains  no  gold  except  fiom 
Pont  to  its  junction  with  the  Po.  The  Ticino  affords  gold  only  below  the  Lago  Mag- 
giore,  and  consequently  far  from  the  primitive  mountains,  after  traversing  a  lake,  where 
its  course  is  slackened,  and  into  which  whatsoever  it  carried  down  from  these  mountains 
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must  have  been  deposited.  The  Rhine  gives  more  gold  near  Strasburg  than  near  Basle, 
though  the  latter  be  much  closer  to  the  mountains.  The  sands  of  the  Danube  do  not  con- 
tain a  grain  of  gold,  while  this  river  runs  in  a  mountainous  region  ;  that  is,  from  the 
frontiers  of  the  bishopric  ot  Passau  to  Efferding ;  but  its  sands  become  auriferous  in  the 
plains  below.  The  same  thing  is  true  of  the  Ems ;  the  sands  of  the  upper  portion  of  this 
river,  as  it  flows  among  the  mountains  of  Styria,  include  no  gold  ;  but  from  its  entrance 
into  the  plain  at  Steyer,  till  its  embouchure  in  the  Danube,  its  sands  become  auriferous, 
and  are  even  rich  enough  to  be  washed  with  profit. 

The  greater  part  of  the  auriferous  sands,  in  Europe,  Asia,  Africa,  and  America, 
are  black  or  red,  and  consequently  ferruginous;  a  remarkable  circumstance  in  the 
geological  position  of  alluvial  gold.  M.  Napione  supposes  that  the  gold  of  these  ferru- 
ginous grounds  is  due  to  the  decomposition  of  auriferous  pyrites.  The  auriferous 
sand  occurring  in  Hungary  almost  always  in  the  neighborhood  of  the  beds  of  lignites, 
and  the  petrified  wood  covered  with  gold  grains,  found  buried  at  a  depth  of  55  yards  in 
clay,  in  the  mine  of  Vorospatak  near  Abrabanya  in  Transylvania,  might  lead  us  to  pre- 
sume that  the  epoch  of  the  formation  of  the  auriferous  alluvia  is  not  remote  from  that 
of  the  lignites.  Tlie  same  association  of  sold  ore  and  fossil  wood  occurs  in  South 
America,  at  Moco.  Near  the  villase  of  Lloro,  have  been  discovered  at  a  depth  of  20 
feet,  large  trunks  of  petrified  trees,  surrounded  with  fragments  of  trap  rocks  interspersed 
with  spangles  of  gold  and  platinum.  But  the  alluvial  soil  affords  likewise  all  the  cha- 
racters of  the  basaltic  rocks ;  thus  in  France,  the  Ceze  and  the  Gardon,  auriferous 
rivers,  where  they  afford  most  gold,  flow  over  ground  apparently  derived  from  the 
destruction  of  the  trap  rocks,  which  occur  in  situ  higher  up  the  country.  This  fact  had 
struck  Reaumur,  and  this  celebrated  observer  had  remarked  that  the  sand  which  more 
immediately  accompanies  the  sold  spangles  in  most  rivers,  and  particularly  in  the  Rhone 
and  the  Rhine,  is  composed,  like  that  of  Ceylon  and  Expailly,  of  black  protoxyde  of  iron 
and  small  grains  of  rubies,  corindon,  hyacinth,  &c.  Titanium  has  been  observed  more 
recently.  It  has,  lastly,  been  remarked  that  the  gold  of  alluvial  formations  is  purer  than 
that  extracted  from  rocks. 

Principal  Gold  Mines. 

Spain  anciently  possessed  mines  of  gold  in  regular  veins,  especially  in  the  province  of 
Asturias ;  but  the  richness  of  the  American  mines  has  made  them  to  be  neglected. 
The  Tagus,  and  some  other  streams  of  that  country,  were  said  to  roll  over  golden  sands. 
France  contains  no  workable  gold  mines ;  but  it  presents  in  several  of  its  rivers  auri- 
ferous sands.  There  are  some  gold  mines  in  Piedmont ;  particularly  the  veins  of  aurife- 
rous pyrites  of  Macugnagna,  at  the  foot  of  Monte  Rosa,  lying  in  a  mountain  of  gneiss; 
and  although  they  do  not  contain  10  or  11  grains  of  gold  in  a  hundred  weight,  they  have 
long  defrayed  the  expense  of  working  them.  On  the  southern  slope  of  the  Pennine  Alps, 
from  the  Simplon  and  Monte  Rosa  to  the  valley  of  Aoste,  several  auriferous  districts  and 
rivers  occur.  Such  are  the  torrent  Evenson,  which  has  afibrded  much  gold  by  washing ; 
the  Oreo,  in  its  passage  from  the  Pont  to  the  Po  ;  the  reddish  grounds  over  which  this 
little  river  runs  for  several  miles,  and  the  hills  in  the  neighborhood  of  Chivasso,  contain 
gold  spangles  in  considerable  quantity. 

In  the  county  of  Wicklow,  in  Ireland,  a  quartzose  and  ferruginous  sand  was  discovered 
not  long  ago,  containing  many  particles  of  gold,  with  pepiias  or  solid  pieces,  one  of  which 
weighed  22  ounces.     No  less  than  1000  ounces  of  gold  were  collected. 

There  are  auriferous  sands  in  some  rivers  of  Switzerland,  as  the  Reuss  and  the  Aar. 
In  Germany  no  mine  of  gold  is  worked,  except  in  the  territory  of  Salzburg,  amid  the 
chain  of  mountains  which  separates  the  Tyrol  and  Carinthia. 

The  mines  of  Hungary  and  Transylvania  are  the  only  gold  mines  of  any  importance  in 
Europe  ;  they  are  remarkable  for  their  position,  the  peculiar  metals  that  accompany  them, 
and  their  product,  estimated  at  about  1430  pounds  avoird.  annually.  The  principal  ones 
are  in  Hungary.  1.  Those  of  Konigsberg.  The  native  gold  is  disseminated  in  ores  of 
sulphuret  of  silver,  which  occur  in  small  masses  and  in  veins  in  a  decomposing  feldspar 
rock,  amid  a  conglomerate  of  pumice,  constituting  a  portion  of  the  tracliytic  formation. 
2.  Those  of  Borson,  Schemnitz.  And,  3.  of  Felsobanya;  ores  also  of  auriferous  sulphu- 
ret of  silver,  occur  in  veins  of  sienite  and  greenstone  porphyry.  4.  Those  of  Telke- 
banya,  to  the  south  of  Kaschau,  are  in  a  deposite  of  auriferous  pyrites  amid  trap  rocks 
of  the  most  recent  formation. 

In  Transylvania  the  gold  mines  occur  in  veins  often  of  great  magnitude,  6,  8.  and  some- 
times 40  yards  thick.  These  veins  have  no  side  plates  or  wall  stones,  but  abut  without 
intermediate  gangues  at  the  primitive  rock.  They  consist  of  carious  quarJz,  ferriferous 
limestone,  heavy  spar,  fluor  spar,  and  sulphuret  of  silver.  The  mine  of  Kapnik  deserves 
notice,  where  the  gold  is  associated  with  orpiment,  and  that  of  Vcrosiiatak  in  granite 
rocks ;  those  of  Offenbanya,  Zalatna,  and  Nagy-Ag,  where  it  is  associated  with  tellu- 
rium.   The  last  is  in  a  sienitic  rock  on  the  limits  of  the  trachyte. 
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In  Sweden,  the  mine  of  Edelfors  in  Smoland  may  be  mentioned,  where  the  gold  occurs 
native  and  in  auriferous  pyrites ;  the  veins  are  a  brown  quartz,  in  a  mountain  of  foliated 
hornstone. 

In  Siberia,  native  gold  occurs  in  a  hornstone  at  Schlangenberg  or  Zmeof,  and  at 
Zmeinogarsk  in  the  Altai  mountains,  accompanied  with  many  other  ores. 

The  gold  mine  of  Berezof  in  the  Oural  mountains  has  been  long  known,  consisting  of 
partially  decomposed  auriferous  pyrites,  disseminated  in  a  vein  of  greasy  quartz.  About 
1820,  a  very  rich  de|)osite  of  native  gold  was  discovered  upon  the  eastern  side  of  the  Oural 
mountains,  disseminated  at  some  yards  depth,  in  an  argillaceous  loam,  and  accompanied 
with  the  debris  of  rocks  which  usually  compose  the  auriferous  alluvial  soils,  as  green- 
stone, serpentine,  protoxyde  of  iron,  corundum,  &c.  The  rivers  of  this  district  possess 
auriferous  sands.  The  annual  product  of  the  gold  mines  of  Siberia  is  3740  pounds 
avoirdupois. 

In  Asia,  and  especially  in  its  southern  districts,  there  are  many  mines,  streams,  rivers, 
and  wastes,  which  contain  this  metal.  The  Pactolus,  a  small  river  of  Lydia,  rolled  over 
such  golden  sands,  that  it  was  supposed  to  constitute  the  origin  of  the  wealth  of  Croesus. 
But  these  deposites  are  now  poor  and  forgotten.  Japan,  Formosa,  Ceylon,  Java,  Sumatra, 
Borneo,  the  Philippines,  and  some  other  islands  of  the  Indian  Archipelago,  are  supposed 
to  be  very  rich  in  gold  mines.  Those  of  Borneo  ar,e  worked  by  the  Chinese  in  an  alluvial 
soil  on  the  western  coast,  at  the  foot  of  a  chain  of  volcanic  mountains. 

Little  or  no  gold  comes  into  Europe  from  Asia,  because  its  servile  inhabitants  place 
their  fortune  in  treasure,  and  love  to  hoard  up  that  precious  metal. 

Numerous  gold  mines  occur  on  the  two  slopes  of  the  chain  of  the  Cailas  mountains  in 
the  Oundes,  a  province  of  Little  Thibet.  The  gold  lies  in  quartz  veins  which  traverse  a 
very  crumbling  reddish  granite. 

Africa  was,  with  Spain,  the  source  of  the  greater  portion  of  the  gold  possessed  by  the 
ancients.  The  gold  which  Africa  still  brings  into  the  market  in  abundance  is  always  in 
dust,  showing  that  the  metal  is  obtained  by  washing  the  alluvial  soils.  None  of  it  is 
collected  in  the  north  of  that  continent ;  three  or  four  districts  only  are  remarkable  for 
the  quantity  of  gold  they  produce. 

The  first  mines  are  those  of  Kordofan,  between  Darfour  and  Abj'ssinia.  The  negroes 
transport  the  gold  in  quills  of  the  ostrich  or  vulture.  These  mines  seem  to  have  been 
known  to  the  ancients,  who  considered  Ethiopia  to  abound  in  gold.  Herodotus  relates 
that  the  king  of  that  country  exhibited  to  the  ambassadors  of  Cambyses,  all  their  prison- 
ers bound  with  golden  chains. 

The  second  and  chief  exploitation  of  gold  dust  is  to  the  south  of  the  great  desert  of 
Zaara,  in  the  western  part  of  Africa,  from  the  mouth  of  the  Senegal  to  the  Cape  of 
Palms.  The  gold  occurs  in  spangles,  chiefly  near  the  surface  of  the  earth,  in  the  bed  of 
rivulets,  and  always  in  a  ferruginous  earth.  In  some  i)laces  the  negroes  dig  wells  in  the 
soil  to  a  depth  of  about  40  feet,  unsupported  by  any  props.  They  do  not  follow  any  vein  ; 
nor  do  they  construct  a  gallery.  By  repeated  washings  they  separate  the  gold  from  the 
earthy  matters. 

The  same  district  furnishes  also  the  greater  part  of  what  is  carried  to  Morocco,  Fez, 
and  Algiers,  by  the  caravans  which  go  from  Timbuctoo  on  the  Niger,  across  the  great 
desert  of  Zaara.  The  gold  which  arrives  by  Senna  at  Cairo  and  Alexandria,  comes  from 
the  same  quarter.  From  Mungo  Park's  description,  it  appears  that  the  gold  spangles  are 
found  usually  in  a  ferruginous  small  gravel,  buried  under  rolled  pebbles. 

The  third  spot  in  Africa  where  gold  is  collected,  is  on  the  south-east  coast,  between  the 
twenty-fifth  and  the  twenty-second  degree  of  south  latitude,  opposite  to  Madagascar,  in 
the  country  of  Sofala.  Some  persons  think  that  this  was  the  kingdom  of  Ophir,  whence 
Solomon  obtained  his  gold. 

In  modern  times,  the  richest  gold  mines  are  found  in  America,  from  which  there  is 
exported  annually,  3700  or  4000  pounds  avoirdupois  of  this  metal.  It  occurs  there 
principally  in  spangles  among  the  alluvial  earths,  and  in  the  beds  of  rivers ;  more  rarely 
in  veins. 

There  is  little  gold  in  the  northern  part  of  America.  The  United  States  have  hitherto 
produced  but  a  slight  quantity  of  alluvial  gold,  collected  in  the  gravel  pits  of  the  creeks 
of  Rockhole,  district  of  Lebanon,  in  North  Carolina.  In  1810,  a  mass  was  found  there, 
weighing  28  pounds.  This  district  has  furnished  the  mint  of  the  United  States  with  about 
100  lbs.  avoirdupois  of  gold. 

South  America,  especially  Brazil,  Choco,  and  Chili,  are  the  regions  which  furnish 
most  gold. 

The  gold  of  Mexico  is  in  a  great  measure  contained  in  the  argentiferous  veins,  so 
numerous  in  that  country,  whose  principal  localities  are  mentioned  under  the  article 
Silver.  The  silver  of  the  argentiferous  ores  of  Guanaxato,  contains  one  360th  of  its 
weight  of  gold ;  the  annual  product  of  the  mines  being  valued  at  from  2640  to  3300 
pounds  avoirdupois. 
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Oaxaco  contains  the  only  auriferous  veins  exploited  as  gold  mines  in  Mexico ;  they 
traverse  rocks  of  sneiss  and  mica  slate. 

All  the  rivers  of  the  province  of  Caraccas,  to  ten  degrees  north  of  the  line,  flow  over 
golden  sands. 

Peru  is  not  rich  in  gold  ores.  In  the  provinces  of  Huailas  and  Pataz,  this  metal  is 
mined  in  veins  of  greasy  quartz,  variegated  with  red  ferruginous  spots,  which  traverse 
primitive  rocks.  The  mines  called  pacos  de  oro,  consist  of  ores  of  iron  and  copper  oxydes, 
containing  a  great  quantity  of  gold. 

All  the  gold  furnished  by  New  Grenada  (New  Colombia)  is  the  product  of  washings, 
established  in  alluvial  grounds.  The  gold  exists  in  spangles  and  in  grains,  disseminated 
among  fragments  of  greenstone  and  porphyry.  At  Choco,  along  with  the  gold  and  plati- 
num, hyacinths,  zircons,  and  titanium  occur.  There  have  been  found,  as  already  stated, 
in  the  auriferous  localities,  large  trunks  of  petrified  trees.  The  gold  of  Antioquia  is  20 
carats  fine,  that  of  Choco  21,  and  the  largest  lump  or  pepita  of  gold  weighed  about  27| 
pounds  avoirdupois.     The  gold  of  Chili  also  occurs  in  alluvial  formations. 

Brazil  -furnishes  the  greatest  part  of  the  gold  now  brought  into  the  market.  Yet  there 
is  not  in  this  country  any  gold  mine  properly  so  called;  for  the  veins  containing  the  metal 
are  seldom  worked. 

It  is  in  the  sands  of  the  Mandi,  a  branch  of  the  Rio-Dolce,  at  Catapreta,  that  the  auri- 
ferous ferruginous  sands  were  first  discovered  in  1682.  Since  then,  they  have  been 
found  almost  everywhere  at  the  foot  of  the  immense  chain  of  mountains,  which  runs 
nearly  parallel  with  the  coast,  from  the  5th  degree  south  to  the  30th.  It  is  particularly 
near  Villa  Rica,  in  the  environs  of  the  village  Cocaes,  that  the  numerous  washings  for 
gold  are  established.  The  pepitas  occur  in  different  forms,  often  adhering  to  micaceous 
specular  iron.  But  in  the  province  of  Minas  Gerries,  the  gold  occurs  also  in  veins,  in 
beds,  and  in  grains,  disseminated  among  the  alluvial  loams.  It  has  been  estimated  in 
annual  product,  by  several  authors,  at  about  2800  pounds  avoirdupois  of  fine  metal;  worth 
nearly  a  million  sterling. 

We  thus  see  that  almost  all  the  gold  brought  into  the  market,  comes  from  alluvial 
lands,  and  is  extracted  by  washing. 

The  gold  coin  of  the  ancients  was  made  chiefly  out  of  alluvial  gold,  for  in  these  early 
times  the  metallurgic  arts  were  not  sufficiently  advanced  to  enable  them  to  purify  it.  The 
sold  dust  from  Bambouk  in  Africa,  is  of  22^  carats  fine,  and  some  from  Morocco  is  even 
23. 

The  gold  of  Giron,  in  New  Grenada,  is  of  23|  carats ;  being  the  purest  from  America. 
"  For  those  who  traffic  in  gold,"  says  Humboldt,  "  it  is  sufficient  to  learn  the  place  where 
the  metal  has  been  collected,  to  know  its  title." 

Metallurgic  treatment  of  gold. — The  gold  found  in  the  sands  of  rivers,  or  in  auriferous 
soils,  needs  not  be  subjected  to  any  metallurgic  process,  properly  speaking.  The 
Orpaillers  separate  it  from  the  sands,  by  washing  them  first  upon  inclined  tables, 
sometimes  covered  with  a  cloth,  and  then  by  hand  in  wooden  bowls  of  a  particular  form. 
Amalgamation  is  employed  to  carry  off  from  the  sand  the  minuter  particles  of  gold  they 
may  contain.  The  people  called  Bohemians,  Cigans,  or  Tehinganes,  who  wash  the 
auriferous  sands  in  Hungary,  employ  a  plank  with  24  transverse  grooves  cut  in  its 
surface.  They  hold  this  plank  in  an  inclined  position,  and  put  the  sand  to  be  washed 
in  the  first  groove ;  they  then  throw  water  on  it,  when  the  gold  mixed  with  a  little  sand 
collects  usually  towards  the  lowest  furrow.  They  remove  this  mixture  into  a  flat  wooden 
basin,  and  by  a  peculiar  sleight  of  hand,  separate  the  gold  entirely  from  the  sand.  The 
richest  of  the  auriferous  ores  consist  of  the  native  gold  quite  visible,  disseminated  in  a 
gangue,  but  the  veins  are  seldom  continuous  for  any  length.  The  other  ores  are  auri- 
ferous metallic  sulphurets,  such  as  sulphurets  of  copper,  silver,  arsenic,  &c.,  and  particu- 
larly iron. 

The  stony  ores  are  first  ground  in  the  stamping  mill,  and  then  washed  in  hand-basins, 
or  on  wooden  tables. 

The  auriferous  sulphurets  are  much  more  common,  but  much  poorer  than  the  former 
ores ;  some  contain  only  one  200,000th  part  of  gold,  and  yet  they  may  be  worked  with 
advantage,  when  treated  with  skill  and  economy. 

The  gold  of  these  ores  is  separated  by  two  different  processes  ;  namely,  by  fusion  and 
amalgamation. 

The  auriferous  metallic  sulphurets  are  first  roasted;  then  melted  into  mattes,  which 
are  roasted  anew ;  next  fused  with  lead,  whence  an  auriferous  lead  is  obtained,  which 
may  be  refined  by  the  process  of  cupellation. 

When  the  gold  ores  are  very  rich,  they  are  melted  directly  with  lead,  without  pre- 
liminary calcination  or  fusion.  These  processes  are,  however,  little  practised,  because 
they  are  less  economical  and  certain  than  amalgamation,  especially  when  the  gold  ores 
are  very  poor. 

If  these  ores  consist  of  copper  pyrites,  and  if  their  treatment  has  been  pushed  to  the  point 
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of  obtaining  auriferous  rose  copper,  or  even  black  copper  including  gold,  the  precious 
metal  cannot  be  separated  by  the  processof  liquation,  because  the  gold,  having  more  affin- 
ity for  copper  than  for  lead,  can  be  but  partially  run  off  by  the  latter  metal.  For  these 
reasons  the  process  of  amalgamation  is  far  preferable. 

This  process  being  the  same  for  silver,  I  shall  reserve  its  description  for  this  metal. 
The  rich  ores  in  which  the  native  gold  is  apparent,  and  merely  disseminated  in  a  stony 
gangue,  are  directly  triturated  with  quicksilver,  without  any  preparatory  operation.  As 
to  the  poor  ores,  in  which  the  gold  seems  lost  amid  a  great  mass  of  iron,  sulphuret  of 
copper,  &c.,  ihey  are  subjected  to  a  roasting  before  being  amalgamated.  This  process 
seems  requisite  to  lay  bare  the  gold  enveloped  in  the  sulphurets.  The  quicksilver  with 
which  the  ore  is  now  ground,  seizes  the  whole  of  its  gold,  in  however  small  quantity  this 
metal  may  be  present. 

The  gold  procured  by  the  refining  process  with  lead,  is  free  from  copper  and  lead,  but 
it  may  contain  iron,  tin,  or  silver.  It  cannot  be  separated  from  iron  and  tin  without 
great  difficulty  and  expense,  if  the  proportion  of  gold  be  too  small  to  admit  of  the  employ- 
ment of  muriatic  acid. 

By  cupellation  with  lead,  gold  may  be  deprived  of  any  antimony  united  with  it. 

Tin  gives  gold  a  remarkable  hardness  and  brittleness ;  a  piece  of  gold,  exposed  for 
some  lime  over  a  bath  of  red  hot  tin,  becomes  brittle.  The  same  thing  happens  more 
readily  over  antimony,  from  the  volatility  of  this  metal.  A  two  thousandth  part  of  anti- 
mony, bismuth,  or  lead,  destroys  the  ductility  of  gold.  The  tin  may  be  got  rid  of  by 
throwing  some  corrosive  sublimate  or  nitre  into  a  crucible,  containing  the  melted  alloy. 
By  the  first  a^ent,  perchloride  of  tin  is  volatilized;  by  the  second,  stannate  o£  potash 
forms,  which  is  carried  oflT  in  the  resulting  alkaline  scoriae. 

Gold  treated  by  the  process  of  amalgamation,  contains  commonly  nothing  but  a  little 
silver.  The  silver  is  dissolved  out  by  nitric  acid,  which  leaves  the  gold  untouched ;  but 
to  make  this  parting  with  success  and  economy  on  the  great  scale,  several  precautions 
must  be  observed. 

If  the  gold  do  not  contain  fully  two  thirds  of  its  weight  of  silver,  this  metal,  being 
thoroughly  enveloped  by  the  gold,  is  partially  screened  from  the  action  of  the  acid.  When- 
ever, therefore,  it  is  known  by  a  trial  on  a  small  scale,  that  the  silver  is  much  below  this 
proportion,  we  must  bring  the  alloy  of  gold  and  silver  to  that  standard  by  adding  the  re- 
quisite quantity  of  the  latter  metal.     This  process  is  called  quartation. 

This  alloy  is  then  granulated  or  laminated ;  and  from  twice  to  thrice  its  weight  of  sul- 
phuric or  nitric  acid  is  to  be  boiled  upon  it;  and  when  it  is  judged  that  the  solution  has 
been  pushed  as  far  as  possible  by  this  first  acid,  it  is  decanted,  and  new  acid  is  poured  on. 
Lastly,  after  having  washed  the  gold,  some  sulphuric  acid  is  to  be  boiled  over  it,  which 
carries  ofl'a  two  or  three  thousandth  part  of  silver,  which  nitric  acid  alone  could  not  dis- 
solve.    Thus  perfectly  pure  gold  is  obtained. 

The  silver  held  in  solution  by  the  sulphuric  or  nitric  acid  is  precipitated  in  the  metallic 
state  by  copper,  or  in  the  state  of  chloride  by  sea-salt.     See  Parting. 

Not  only  has  the  ratio  between  the  value  of  gold  and  silver  varied  much  in  different 
ages  of  the  world ;  but  the  ratio  between  these  metals  and  the  commodities  they  repre- 
sent has  undergone  variations,  owing  to  the  circumstances  in  which  their  mines  have 
been  successively  placed;  since  they  have  always  poured  a  greater  quantity  of  the  metals 
into  the  market  than  has  been  absorbed  by  use.  This  quantity  has  greatly  increased 
since  the  discovery  of  America,  a  period  of  little  more  than  300  years.  The  mines  of 
that  continent,  rich,  numerous,  and  easily  worked,  by  augmenting  the  mass  of  gold  and 
silver,  necessarily  lessened  the  value  of  these  metals  compared  with  that  of  the  objects 
of  commerce  represented  by  them,  so  that  everything  else  being  equal,  there  is  now 
required  for  purchasing  the  same  quantity  of  commodities,  much  more  gold  or  silver 
than  was  necessary  in  the  reign  of  Henry  VII.,  before  the  discovery  of  America.  This 
productiveness  of  the  American  mines  has  had  an  influence  on  those  of  the  ancient  con- 
tinent; many  of  whose  silver  and  goldmines  have  been  abandoned,  not  because  the 
veins  or  auriferous  sands  are  less  rich  than  they  were,  but  because  their  product  no 
longer  represents  the  value  of  human  labor,  and  of  the  goods  to  be  furnished  in  return 
for  their  exploitation. 

In  the  3d  vol.  of  the  Mining  Journal,  p.  331,  we  have  the  following  statement  as  to 
the  produce  of  the  precious  metals. — "  In  40  years,  from  1790  to  1830,  Mexico  produced 
6,436,453/.  worth  of  gold,  and  139,818,032/.  of  silver.  Chili,  2,768,488/.  of  gold,  and 
1,822,924/.  of  silver.  Buenos  Ayres,  4,024,895/.  of  gold,  and  27,182,673/.  of  silver. 
Russia,  3,703,743/.  of  gold,  and  1,502,981/.  of  silver.  Total,  1880  millions  sterling,  or 
47  millions  per  annum. 

The  following  table  shows  what  proportion  the  product  of  the  mines  of  America  bears 
to  that  of  the  mines  of  the  ancient  continent. 
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Table  of  the  Quantities  of  Gold  which  may  be  considered  as  having  been  brought  into 
the  European  Market,  every  Year  on  an  Average,  from  1790  to  1802. 


Continents. 

Gold. 

Ancient  Continent. 
Asia ;.....-. 
Siberia         --_._. 
Africa      .--.-.. 

Europe  :-.---_- 
Hungary      ...                  ^        . 
Salzbourg     -.-._. 
Austrian  States    ..--.' 
Hartz  and  Hessia          .... 

Saxony         ...... 

Norway        -.-.-. 
Sweden        ...... 

France         ...... 

Spain,  &c.   ------     ^ 

• 

lbs.  Avoir. 

3740 
3300 

1430 
165 

165 

8800 

New  Continent. 
Nortb  America  ...... 

South  America  ------ 

Spanish  dominions     .... 

Brazil      -.-.__ 

2860 

22,000 
15,400 

40,260 

The  mines  of  America  have  sent  into  Europe  three  and  a  half  times  more  gold,  and 
twelve  times  more  silver,  than  those  of  the  ancient  continent.  The  total  quantity  of 
silver  was  to  that  of  gold  in  the  ratio  of  55  to  1 ;  a  very  different  ratio  from  that  which 
holds  really  in  the  value  of  these  two  metals,  which  is  in  Europe  as  1  to  15.  This 
difference  depends  upon  several  causes,  which  cannot  be  investigated  here  at  length; 
but  it  may  be  stated  that  gold,  by  its  rarity  and  price,  being  much  less  employed  in  the 
arts  than  silver,  the  demand  for  it  is  also  much  less;  and  this  cause  is  sufficient  to 
lower  its  price  much  beneath  what  it  would  have  been,  if  it  had  followed  the  ratio  of  its 
quantity  compared  to  that  of  silver.  Thus  also  bismuth,  tin,  &c.,  though  much  rarer 
than  silver,  are,  nevertheless,  very  inferior  in  price  to  it.  Before  the  discovery  of 
America,  the  value  of  gold  was  not  so  distant  from  that  of  silver,  because  since  that  era 
silver  has  been  distributed  in  Europe  in  a  far  greater  proportion  than  sold.  In  Asia 
the  proportion  is  now  actually  only  1  to  11  or  12;  the  product  of  the  gold  mines  in  that 
quarter,  being  not  so  much  below  that  of  the  silver  mines  as  in  the  rest  of  the 
world. 

The  total  annual  production  of  Gold  at  present  has  been  estimated  as  follows. 


From  the  ancient  Spanish  colonies  of  America  - 
Brazil        ....... 

Europe  and  Asiatic  Russia  -         .        . 

The  Indian  Archipelago      -         .         .        - 
Africa       ....... 


10,400  kilogrammes 
600 

6,200 

4,700 
14,000  ? 


35,900=36  tons  nearly 
without  taking  into  account  the  quantity  of  gold  now  extracted  from  silver. 

Gold  has  less  affinity  for  oxygen  than  any  other  metal.  When  alone,  it  cannot  be 
oxydized  by  any  degree  of  heat  with  contact  of  air,  although  in  combination  with  other 
oxydized  bodies,  it  may  pass  into  the  stale  of  an  oxyde,  and  be  even  vitrified.  The  pur- 
ple smoke  into  which  gold  leaf  is  converted  by  an  electric  discharge  is  not  an  oxyde, 
for  it  is  equally  formed  when  the  discharge  is  made  through  it  in  hydrocen  gas.  There 
are  two  oxydes  of  gold ;  the  first  or  protoxyde  is  a  green  powder,  which  may  be  ob- 
tained by  pouring,  in  the  cold,  a  solution  of  potash  into  a  solution  of  the  metallic 
chloride.      It  is  not  durable,  but  soon  changes  in  the  menstruum  into  metallic  gold, 
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and  peroxyde.  Its  constituents  are  96- 13  metal,  and  3-87  oxygen.  The  peroxyde  is  best 
prepared  by  addin?  masjnesia  to  a  solution  of  the  metallic  chloride ;  washing  the  precipi- 
tate with  water  till  this  no  longer  takes  a  yellow  tint  from  muriatic  acid;  then  digesting 
Strong  nitric  acid  upon  the  residuum,  which  removes  the  magnesia,  and  leaves  the  per- 
oxyde in  the  form  of  a  black  or  dark  brown  powder,  which  seems  to  partake  more  of  the 
properties  of  a  metallic  acid  than  a  base.  It  contains  10-77  per  ceni.  of  oxygen.  For 
the  curious  combination  of  gold  and  tin,  called  the  Purple  Precipitate  of  Cassius,  see 
this  article,  and  Pigments  Vitrifiable. 

Gold  heating. — This  is  the  art  of  reducing  gold  to  extremely  thin  leaves,  by  beating 
■with  a  hammer.  The  processes  employed  for  this  purpose  may  be  applied  to  other 
metals,  as  silver,  platinum,  and  copper.  Under  tin,  zinc,  &c.,  we  shall  mention  such 
modifications  of  the  processes  as  these  metals  require  to  reduce  them  to  thin  leaves.  The 
Romans  used  to  gild  the  ceilings  and  walls  of  their  apartments ;  and  Pliny  tells  us,  that 
from  an  ounce  of  gold  forming  a  plate  of  4  lingers  square,  about  600  leaves  of  the  same 
area  were  hammered.  At  the  present  day,  a  piece  of  gold  is  extended  so  as  to  cover  a 
space  651,590  times  greater  than  its  primary  surface  when  cast. 

The  gold  employed  in  this  art  ought  to  be  of  the  finest  standard.  Alloy  hardens  gold, 
and  renders  it  less  malleable  ;  so  that  the  fraudulent  tradesman  who  should  attempt  to  de- 
base the  gold,  would  expose  himself  to  much  greater  loss  in  the  operations,  than  he  could 
derive  of  profit  from  the  alloy. 

Four  principal  operations  constitute  the  art  of  gold  beating.  1.  The  casting  of  the 
gold  ingots.     2.  The  hammering.     3.  The  lamination  ;  and  4,  the  beating. 

1.  The  gold  is  melted  in  a  crucible  along  with  a  little  borax.  When  it  has  become 
liquid  enough,  it  is  poured  out  into  the  ingot-moulds  previously^heated,  and  greased  on 
the  inside.  The  ingot  is  taken  out  and  annealed  in  hot  ashes,  which  both  soften  it  and 
free  it  from  grease.  The  moulds  are  made  of  cast  iron,  with  a  somewhat  concave  in- 
ternal surface,  to  compensate  for  the  greater  contraction  of  the  central  parts  of  the  metal 
in  cooling  than  the  edges.  The  ingots  weigh  about  2  ounces  each,  and  are  |  of  an  inch 
broad. 

2.  The  forging. — When  the  ingot  is  cold,  the  French  gold-beaters  hammer  it  out  on 

a  mass  of  steel  4  inches  long  and  3  broad.      The  hammer  for  this  purpose  is  called  the 

forging  hammer.     It  weighs  about  3  pounds,  with  a  head  at  one  end  and  a  wedge  at  the 

other,  the  head  presenting  a  square  face  of  \\  inches.    Its  handle  is  6  inches  long.     The 

workman  reduces  the  ingot  to  the  thickness  of  i  of  an  inch  at  most:  and  durin£  this  op- 
3  6  . 

eration  he  anneals  it  whenever  its  substance  becomes  hard  and  apt  to  crack.  The  English 
gold-beaters  omit  this  process  of  hammering. 

3.  The  lamination. — The  rollers  employed  for  this  purpose  should  be  of  a  most  per- 
fectly cylindrical  figure,  a  polished  surface,  and  so  powerful  as  not  to  bend  or  yield  in  the 
operation.  The  ultimate  excellence  of  the  gold  leaf  depends  very  much  on  the  precision 
with  which  the  riband  is  extended  in  the  rolling  press.  The  laminating  machine  repre- 
sented under  the  article  Mint,  is  an  excellent  pattern  for  this  purpose.  The  gold-beater 
desires  to  have  a  riband  of  such  thinness  that  a  square  inch  of  it  will  weigh  6|  grains. 
Frequent  annealings  are  requisite  during  the  lamination. 

4.  Beating.-^The  riband  of  gold  being  thus  prepared  uniform,  the  gold-beater  cuts  it 
with  shears  into  small  squares  of  an  inch  each,  having  previously  divided  it  with  com- 
passes, so  that  the  pieces  may  be  of  as  equal  weight  as  possible.  These  squares  are  piled 
over  each  other  in  parcels  of  150,  with  a  piece  of  fine  calf-skin  vellum  interposed  between 
each,  and  about  20  extra  vellums  at  the  top  and  bottom.  These  vellum  leaves  are  about 
4  inches  square,  on  whose  centre  lie  the  gold  jaminte  of  an  inch  square.  This  packet  is 
kept  together  by  being  thrust  into  a  case  of  strong  parchment  open  at  the  ends,  so  as  to 
form  a  belt  or  band,  whose  open  sides  are  covered  in  by  a  second  case  drawn  over  the 
packet  at  right  angles  to  the  first.  Thus  the  packet  becomes  sufficiently  compact  to 
bear  beating  with  a  hammer  of  15  or  16  pounds  weight,  having  a  circular  face  nearly  4 
inches  diameter,  and  somewhat  convex,  whereby  it  strikes  the  centre  of  the  packet  most 
forcibly,  and  thus  squeezes  out  the  plates  laterally. 

The  beating  is  performed  on  a  very  strong  bench  or  stool  framed  to  receive  a  heavy 
block  of  marble,  about  9  inches  square  on  the  surface,  enclosed  upon  every  side  by  wood- 
work, except  the  front  where  a  leather  apron  is  attached,  which  the  workman  lays  be- 
fore him  to  preserve  any  fragments  of  gold  that  may  fall  out  of  the  packet.  The  hammer 
is  short-handled,  and  is  managed  by  the  workman  with  one  hand  ;  who  strikes  fairly  on 
the  middle  of  the  packet,  frequently  turning  it  over  to  beat  both  sides  alike ;  a  feat  dex- 
terously done  in  the  interval  of  two  strokes,  so  as  not  to  lose  a  blow.  The  packet  is  oc- 
casionally bent  or  rolled  between  the  hands,  to  loosen  the  leaves  and  secure  the  ready 
extension  of  the  gold  ;  or  it  is  taken  to  pieces  to  examine  the  gold,  and  to  shift  the  cen- 
tral leaves  to  the  outside,  and  vice  versa,  that  every  thing  may  be  equalized.  Whenever 
the  gold  plates  have  extended,  under  this  treatment,  to  nearly  the  size  of  the  vellum, 
they  are  removed  from  the  packet,  and  cut  into  four  equal  squares  by  a  knife.     They 
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are  thus  reduced  to  nearly  the  same  size  as  at  first,  and  are  again  made  up  into  packets 
and  enclosed  as  before,  with  this  difl'erence,  that  skins  prepared  from  ox-gut  are  now 
interposed  between  each  gold  leaf  instead  of  vellum.  The  second  course  of  healing  is 
performed  with  a  smaller  hammer,  about  10  pounds  in  weight,  and  is  continued  till  the 
leaves  are  extended  to  the  size  of  the  skins.  During  this  period  the  packet  must  be  often 
folded,  to  render  the  gold  as  loose  as  possible  between  the  membranes  ;  otherwise  the 
leaves  are  easily  chafed  and  broken.  They  are  once  more  spread  on  a  cushion,  and  sub- 
divided into  four  square  pieces  by  means  of  two  pieces  of  cane  cut  to  very  sharp  edges, 
and  fixed  down  transversely  on  a  board.  This  rectangular  cross  being  applied  on  each 
leaf,  with  slight  pressure,  divides  it  into  four  equal  portions.  These  are  next  made  up  into 
a  third  packet  of  convenient  thickness,  and  finally  hammered  out  to  the  area  of  fine  gold 
leaf,  whose  average  size  is  from  3  to  85  inches  square.  The  leaves  will  now  have  ob- 
tained an  area  192  times  greater  than  the  plates  before  the  hammering  begun.  As  these 
were  originally  an  inch  square,  and  75  of  them  weighed  an  ounce  {—  65  X  75  =  4871), 
the  surface  of  the  finished  leaves  will  be  192  X  75  =  14,400  square  inches,  or  100  square 
feet  per  ounce  troy.  This  is  by  no  means  the  ultimate  degree  of  attenuation,  for  an 
ounce  may  be  hammered  so  as  to  cover  160  square  feet;  but  the  waste  incident  in  this 
case,  fiom  the  number  of  broken  leaves,  and  the  increase  and  nicety  of  the  labor,  make 
this  an  unprofitable  refinement ;  while  the  gilder  finds  such  thin  leaves  to  make  less 
durable  and  satisfactory  work. 

The  finished  leaves  of  gold  are  put  up  in  small  books  made  of  single  leaves  of  soft 
paper,  rubbed  over  with  red  chalk  to  prevent  adhesion  between  them.  Before  putting 
the  leaves  in  these  books,  however,  they  are  lifted  one  by  one  with  a  delicate  pair  of  pin- 
cers out  of  the  finishing  packet,  and  spread  out  on  a  leather  cushion  by  blowing  ihem  flat 
down.  They  are  then  cut  to  one  size,  by  a  sharp-edge  square  moulding  of  cane,  glued 
on  a  flat  board.  When  this  square-framed  edge  is  pressed  upon  the  gold,  it  cuts  it  to  the 
desired  size  and  shape.     Each  book  commonly  contains  25  gold  leaves. 

I  shall  now  describe  some  peculiarities  of  the  French  practice  of  gold  beating.  The 
workman  cuts  the  laminated  ribands  of  an  inch  broad  inio  portions  an  inch  and  a  half 
long.  These  are  called  quartiers.  He  takes  24  of  them,  which  he  places  exactly  over 
each  other,  so  as  to  form  a  thickness  of  about  an  inch,  the  riband  being  5  of  a  line,  or 
_L-  of  an  inch  thick;  and  he  beats  them  together  on  the  steel  slab  with  the  round  face 
{panne)  of  the  hammer,  so  as  to  stretch  them  truly  out  into  the  square  form.  He  begins 
by  extending  the  substance  towards  the  edges,  thereafter  advancing  towards  the  middle  ; 
he  then  does  as  much  on  the  other  side,  and  finally  hammers  the  centre.  By  repeating 
this  mode  of  beating  as  often  as  necessary,  he  reduces  at  once  all  ihe  quartiers  (squares) 
of  the  same  packet,  till  none  of  them  is  thicker  than  a.  leaf  of  gray  paper,  and  of  the 
size  of  a  square  of  2  inches  each  side. 

When  the  quartiers  are  brought  to  this  state,  the  workman  takes  56  of  them,  which 
he  piles  over  each  other,  and  with  which  he  forms  the  first  packet  (caucher)  in  the  man- 
ner already  described  ;  only  two  leaves  of  vellum  are  interposed  between  each  gold  leaf. 
The  empty  leaves  of  vellum  at  the  top  and  bottom  of  the  packet  are  called  emplures. 
They  are  4  inches  square,  as  well  as  the  parchment  pieces. 

The  packet  thus  prepared  forms  a  rectangular  parallelopiped ;  it  is  enclosed  in  two 
sheaths,  composed  each  of  several  leaves  of  parchment  applied  to  each,  and  glued  at  the 
two  sides,  forming  a  bag  open  at  either  end. 

The  block  of  black  marble  is  a  foot  square  at  top,  and  18  inches  deep,  and  is  framed 
as  above  described.  The  hammer  used  for  beating  the  first  packet  is  called  the  flat, 
or  the  enlarging  hammer;  its  head  is  round,  about  5  inches  in  diameter,  and  very  slightly 
convex.  It  is  6  inches  high,  and  tapers  gradually  from  its  head  to  the  other  extremity, 
which  gives  it  the  form  of  a  hexagonal  truncated  pyramid.  It  weighs  14  or  15 
pounds. 

Tne  French  gold-beaters  employ,  besides  this  hammer,  three  others  of  the  same  form ; 
namely,  1.  The  commencing  hammer,  which  weighs  6  or  7  pounds,  has  a  head  4  inches 
in  diameter,  and  is  more  convex  than  the  former.  2.  The  spreading  hammer  {murteau 
d  chasser) ;  its  head  is  two  inches  diameter,  more  convex  than  the  last,  and  weighs  only 
4  or  5  pounds.  3.  The  finishing  hammer  ;  it  weighs  12  or  13  pounds,  has  a  head  four 
inches  diameter,  and  is  the  most  convex  of  all. 

The  beating  processes  do  not  difl'er  essentially  from  the  English  described  above.  The 
vellum  is  rubbed  over  with  fine  calcined  Paris  plaster,  with  a  hare's  foot.  The  skin  of 
the  gold-beater  is  a  pellicle  separated  from  the  outer  surface  of  ox-gut ;  but  before 
being  employed  for  this  purpose,  it  must  undergo  two  preparations.  1.  It  is  sweated,  in 
order  to  expel  any  grease  it  may  contain.  With  this  view,  each  piece  of  membrane  is 
placed  between  two  leaves  of  white  paper ;  several  of  these  pairs  are  piled  over  each 
other,  and  struck  strongly  with  a  hammer,  which  drives  the  grease  from  the  gut  into  the 
paper. 

2.  A  body  is  given  to  the  pieces  of  gut ;  that  is,  they  are  moistened  with  an  infusion 
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of  cinnamon,  nutmeg,  and  other  warm  and  aromatic  ingredients,  in  order  to  preserve 
them ;  an  operation  repeated  after  they  have  been  dried  in  the  air.  When  the  leaves  of 
skin  are  dry,  they  are  put  in  a  press,  and  are  now  ready  for  use.  After  the  parchment, 
vellum,  and  gut  membrane  have  been  a  good  deal  hammered,  they  become  unfit  for  work, 
till  Ihey  are  restored  to  proper  flexibility,  by  being  placed  leaf  by  leaf  between  leaves 
of  white  paper,  moistened  sometimes  with  vinegar,  at  others  with  white  wine.  They  are 
left  in  this  predicament  for  3  or  4  hours,  under  compression  of  a  plank  loaded  with  weights. 
When  they  have  imbibed  the  proper  humidity,  they  are  put  between  leaves  of  parchment 
12  inches  square,  and  beat  in  that  situation  for  a  whole  day.  They  are  then  rubbed 
over  with  fine  calcined  gypsum,  as  the  vellum  was  originally.  The  gut-skin  is  apt  to 
contract  damp  in  standing,  and  is  therefore  dried  before  bejng  used. 

The  average  thickness  of  common  gold  leaf  is  .^J^.^  of  an  inch. 

The  art  of  Gilding. — This  art  consists  in  covering  bodies  wilh  a  thin  coat  of  gold ; 
which  may  be  done  either  by  mechanical  or  chemical  means.  The  mechanical  mode  is 
the  application  of  gold  leaf  or  gold  powder  to  various  surfaces,  and  their  fixation  by  va- 
rious means.  Thus  gold  may  be  applied  to  wood,  plaster,  pasteboard,  leather ;  and  to 
metals,  such  as  silver,  copper,  iron,  tin,  and  bronze;  so  that  gilding,  generally  speaking, 
includes  several  arts,  exercised  by  very  difl'erent  classes  of  tradesmen. 

I.  Mechanical  Gilding. — Oil  gilding  is  the  first  method  under  this  head,  as  oil  is  the 
fluid  most  generally  used  in  the  operation  of  this  mechanical  art.  The  following  process 
has  been  much  extolled  at  Paris. 

1.  A  coat  of  impression  is  to  be  given  first  of  all,  namely,  a  coat  of  white  lead  paint, 
made  with  drying  linseed  oil,  containing  very  little  oil  of  turpentine. 

2.  Calcined  ceruse  is  to  be  ground  very  well  with  unboiled  linseed  oil,  and  tempered 
with  essence  of  turpentine,  in  proportion  as  it  is  laid  on.  Three  or  four  coats  of  this 
hard  tint  are  to  be  applied  evenly  and  dryly  on  the  ornaments  and  the  parts  which  are  to 
be  most  carefully  gilded. 

3.  The  Gold  color  is  then  to  be  smoothly  applied.  This  is  merely  the  dregs  of  the 
colors,  ground  and  tempered  with  oil,  which  remain  in  the  little  dish  in  which  painters 
clean  their  brushes.  This  substance  is  extremely  rich  and  gluey;  after  being  ground 
up,  and  passed  through  fine  linen  cloth,  it  forms  the  ground  for  gold  leaf. 

4.  When  the  gold  color  is  dry  enough  to  catch  hold  of  the  leaf  gold,  this  is  spread  on 
the  cushion,  cut  into  pieces,  and  carefully  applied  with  the  palette  knife,  pressed  down 
wilh  cotton,  and  in  the  small  ornaments  with  a  fine  brush. 

5.  If  the  gildings  be  for  outside  exposure,  as  balconies,  gratings,  statues,  &c.,  they 
must  ncH  be  varnished,  as  simple  oil  gilding  stands  better;  for  when  it  is  varnished,  a 
bright  sun-beam,  acting  after  heavy  rain,  gives  the  gilding  a  jagged  appearance.  When 
the  objects  are  inside  ones,  a  coat  of  spirit  varnish  may  be  passed  over  the  gold  leaf,  then 
a  glow  from  the  gilder's  chafing  dish  may  be  given,  and  finally  a  coat  of  oil  varnish.  The 
workman  who  causes  the  chafing  dish  to  glide  in  front  of  the  varnished  surface,  must 
avoid  stopping  for  an  instant  opposite  any  point,  otherwise  he  would  cause  the  varnish 
to  boil  and  blister.  This  heat  brings  out  the  Avhole  transparency  of  the  varnish  and 
lustre  of  the  gold. 

Oil  Gilding  is  employed,  with  varnish  polish,  upon  equipages,  mirror-frames,  and  other 
furniture.     The  following  method  is  employed  by  eminent  gilders  at  Paris. 

1.  White  lead,  wilh  half  its  weight  of  yellow  ochre,  and  a  little  litharge,  are  sepa- 
rately ground  very  fine ;  and  the  whole  is  then  tempered  with  linseed  oil,  thinned  wilh 
essence  of  turpentine,  and  applied  in  an  evenly  coat,  called  impression. 

2.  When  this  coat  is  quite  dry,  several  coats  of  the  hard  tint  are  given,  even  so  many 
as  10  or  12,  should  the  surface  require  it,  for  smoothing  and  filling  up  the  pores.  These 
coats  are  given  daily,  leaving  them  to  dry  in  the  interval  in  a  warm  sunny  exposure. 

3.  When  the  work  is  perfectly  dry,  it  is  first  softened  down  with  pumice  stone  and  water, 
afterwards  with  worsted  cloth  and  very  finely  powdered  pumice,  till  the  hard  tint  give 
no  reflection,  and  be  smooth  as  glass. 

4.  Wilh  a  camel's  hair  brush,  there  must  be  given  lightly  and  with  a  gentle  heat,  from 
4  to  5  coals  at  least,  and  even  sometimes  double  that  number,  of  fine  lac  varnish. 

5.  When  these  are  dry,  the  grounds  of  the  panels  and  the  sculptures  must  be  first 
polished  with  shave-grass  (de  la prtle)  ;  and  next  with  putty  of  tin  and  tripoli,  tempered 
with  water,  applied  with  woollen  cloth  ;  by  which  the  varnish  is  polished  till  it  shines 
like  a  mirror. 

6.  The  work  thus  polished  is  carried  into  a  hot  place,  free  from  dust,  where  it  receives 
very  lightly  and  smoothly  a  thin  coat  of  gold  color,  much  softened  down.  This  coat  is 
passed  over  it  with  a  clean  soft  brush,  and  the  thinner  it  is  the  belter. 

7.  Whenever  the  gold  color  is  dry  enough  to  lake  the  gold,  which  is  known  by  laying 
the  back  of  the  hand  on  a  corner  of  the  frame  work,  the  gilding  is  begun  and  finished 
as  usual. 

8.  The  gold  is  smoothed  off  with  a  very  soft  brush,  one  of  camel's  hair,  for  example, 
of  three  fingers'  breadth ;  after  which  it  is  left  to  dry  for  several  days. 
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9.  It  is  then  varnished  with  a  spirit  of  wine  varnish ;  which  is  treated  with  the  chafing 
dish  as  above  described. 

10.  When  this  varnish  is  dry,  two  or  three  coats  of  copal  or  oil  varnish  are  applied,  at 
intervals  of  two  days. 

11.  Finally,  the  panels  are  polished  with  a  worsted  cloth,  imbued  with  tripoli  and 
water,  and  lustre  is  given  by  friction  with  the  palm  of  the  hand,  previously  softened  with 
a  little  olive  oil,  taking  care  not  to  rub  off  the  gold. 

In  this  country,  burnished  gilding  is  practised  by  first  giving  a  ground  of  size  whiting, 
in  several  successive  coats  ;  next  applying  gilding  size ;  and  then  the  gold  leaf,  which  is 
burnished  down  with  agate,  or  a  dog's  tooth. 

Gilding  in  distemper  of  the  French,  is  the  same  as  our  burnished  gilding.  Their  pro- 
cess seems  to  be  very  elaborate,  and  the  best  consists  of  17  operations ;  each  of  them 
said  to  be  essential. 

1.  Encollage,  or  the  glue  coat.  To  a  decoction  of  wormwood  and  garlic  in  water, 
strained  through  a  cloth,  a  little  common  salt  and  some  vinegar  are  added.  This  com- 
position, as  being  destructive  of  worms  in  wood,  is  mixed  with  as  much  good  glue  ;  and  the 
mixture  is  spread  in  a  hot  state,  with  a  brush  of  boar's  hair.  When  plaster  or  marble  is 
to  be  gilded,  the  salt  must  be  left  out  of  the  above  composition,  as  it  is  apt  to  attract  hu- 
midity in  damp  places,  and  to  come  out  as  a  white  powder  on  the  gilding.  But  the  salt 
is  indispensable  for  wood.     The  first  glue  coating  is  made  thinner  than  the  second. 

2.  Wkile  preparation.  This  consists  in  covering  the  above  surface  with  8,  10,  or  12 
coats  of  Spanish  white,  mixed  up  with  strong  size,  each  well  worked  on  with  the  brush, 
and  in  some  measure  incorporated  with  the  preceding  coat,  to  prevent  their  peeling  off 
in  scales. 

3.  Stopping  up  the  pores,  with  thick  whiting  and  glue,  and  smoothing  the  surface  with 
dog-skin. 

4.  Polishing  the  surface  with  pumice-stone  and  very  cold  water. 

5.  Reparation ;  in  which  a  skilful  artist  retouches  the  whole. 

6.  Cleansing ;  with  a  damp  linen  rag,  and  then  a  soft  sponge. 

7.  Priler.  This  is  rubbing  with  horse's  tail  (shavi-grass)  the  parts  to  be  yellowed,  in 
order  to  make  them  softer. 

8.  Yellowing.  With  this  view  yellow  ochre  is  carefully  ground  in  water,  and  mixed 
with  transparent  colorless  size.  The  thinner  part  of  this  mixture  is  applied  hot  over  the 
white  surface  with  a  fine  brush,  which  gives  it  a  fine  yellow  hue. 

9.  Ungraining  consists  in  rubbing  the  whole  work  with  shave-grass,  to  remove  any 
granular  appearance. 

10.  Coat  of  assiette;  trencher  coat.  This  is  the  composition  on  which  the  gold  is  to 
be  laid.  It  is  composed  of  Armenian  bole,  1  pound  ;  bloodstone  (hematite),  2  ounces; 
and  as  much  galena ;  each  separately  ground  in  water.  The  whole  are  then  mixed  to- 
gether, and  ground  up  with  about  a  spoonful  of  olive  oil.  The  assiette  well  made  and  ap- 
plied gives  beauty  to  the  gilding.  The  assiette  is  tempered  with  a  white  sheep-skin  glue, 
very  clear  and  well  strained.  This  mixture  is  heated  and  applied  in  three  successive 
coats,  with  a  very  fine  long-haired  brush. 

11.  Rubbing,  with  a  piece  of  dry,  clean  linen  cloth;  except  the  parts  to  be  burnished, 
\vhich  are  to  receive  other  two  coats  o[  assiette  tempered  with  glue. 

12.  Gilding.  The  surface,  being  damped  with  cold  water  (iced  in  summer),  has  then 
the  gold  leaf  applied  to  it.  The  hollow  grounds  must  always  be  gilded  before  the  pro- 
minent parts.  Water  is  dexterously  applied  by  a  soft  brush,  immediately  behind  the 
gold  leaf,  before  laying  it  down,  which  makes  it  lie  smoother.  Any  excess  of  water  is 
then  removed  with  a  dry  brush. 

13.  Burnishing  with  bloodstone. 

14.  Deadening.  This  consists  in  passing  a  thin  coat  of  glue,  slightly  warmed,  over  the 
parts  that  are  not  to  be  burnished. 

15.  Mending ;  that  is,  moistening  any  broken  points  with  a  brush,  and  applying  bits 
of  gold  leaf  to  them. 

16.  The  vermeil  coat.  Vermeil  is  a  liquid  which  gives  lustre  and  fire  to  the  gold  ;  and 
makes  it  resemble  or  moulu.  It  is  composed  as  follows  :  2  ounces  of  annotto,  1  ounce 
of  gamboge,  1  ounce  of  vermilion,  half  an  ounce  of  dragon's  blood,  2  ounces  of  salt  of 
tartar,  and  18  grains  of  saffron,  are  boiled  in  a  litre  (2  pints  English)  of  water,  over  a 
slow  lire,  till  the  liquid  be  reduced  to  a  fourth.  The  whole  is  then  passed  through  a 
silk  or  muslin  sieve.  A  little  of  this  is  made  to  glide  lightly  over  the  gold,  with  a  very 
soft  brush. 

17.  Repassage  is  passing  over  the  dead  surfaces  a  second  coat  of  deadening  glue, 
which  must  be  hotter  than  the  first.     This  finishes  the  work,  and  gives  it  strength. 

Leaf  gilding,  on  paper  or  vellum,  is  done  by  giving  them  a  coat  of  gum  water  or  fine 
size,  applying  the  gold  leaf  ere  the  surfaces  be  hard  dry,  and  burnishing  with  agate. 
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Gold  leiiering,  on  bound  books,  is  given  without  size,  by  laying  the  gold  leaf  on  the 
iCather,  and  inriprinting  it  with  hot  brass  types. 

The  edges  of  ihe  leaves  of  books  are  gilded  while  they  are  in  the  press,  where  they  have 
been  cut  smooth,  by  applying  a  solution  of  isinglass  in  spirits,  and  laying  on  the  gold 
when  the  edees  are  in  a  proper  state  of  dryness.  The  French  workmen  employ  a  ground 
of  Armenian  bole,  mixed  with  powdered  sugar-candy,  by  means  of  white  of  egg.  This 
ground  is  laid  very  thin  upon  the  edges,  after  fine  size  or  gum  water  has  been  applied ; 
and  when  the  ground  is  dry  it  is  rubbed  smooth  with  a  wet  rag,  which  moistens  it  suffi- 
ciently to  take  the  gold. 

Japanner's  gilding  is  done  by  sprinkling  or  daubing  with  wash  leather,  some  gold  pow- 
der, over  an  oil  sized  surface,  mixed  with  oil  of  turpentine.  This  gives  the  appearance 
of  frosted  gold.  The  gold  powder  may  be  obtained,  either  by  precipitating  gold  from  its 
solution  in  aqua  regia  by  a  solution  of  pure  sulphate  of  iron,  or  by  evaporating  away  the 
mercury  from  some  gold  amalgam. 

II.  Chemical  gilding,  or  the  application  of  gold  by  chemical  affinity  to  metallic  sur- 
faces. 

A  compound  of  copper  with  one  seventh  of  brass  is  the  best  metal  for  gilding  on  ;  cop- 
per by  itself  being  too  soft  and  dark  colored.  Ordinary  brass,  however,  answers  very 
well.  We  shall  describe  the  process  of  wash  gilding,  with  M.  D'Arcet's  late  improve- 
ments, now  generally  adopted  in  Paris. 

Wash  gilding  consists  in  applying  evenly  an  amalgam  of  gold  to  the  surface  of  a  cop- 
per alloy,  and  dissipating  the  mercury  with  heat,  so  as  to  leave  the  gold  film  fixed.  The 
surface  is  afterwards  burnished  or  deadened  at  pleasure.  The  gold  ought  to  be  quite 
pure,  and  laminated  to  facilitate  its  combination  with  the  mercury ;  which  should  also 
be  pure. 

Preparation  of  the  amalgam.  After  weighing  the  fine  gold,  the  workman  puts  it  in  a 
crucible,  and  as  soon  as  this  becomes  faintly  red,  he  pours  in  the  requisite  quantity 
of  mercury;  which  is  about  8  to  1  of  gold.  He  stirs  up  the  mixture  with  an  iron  rod, 
bent  hookwise  at  the  end,  leaving  the  crucible  on  the  fire  till  he  perceives  that  all  the 
gold  is  dissolved.  He  then  pours  the  amalgam  into  a  small  earthen  dish  containing  water, 
washes  it  with  care,  and  squeezes  out  of  it  with  his  fingers  all  the  running  mercury  that 
he  can.  Tlie  amalgam  that  now  remains  on  the  sloping  sides  of  the  vessel  is  so  pasty  as 
to  preserve  the  impression  of  the  fingers.  When  this  is  squeezed  in  a  shamoy  leather 
bag,  it  gives  up  much  mercury;  and  remains  an  amalsam,  consisting  of  about  33  of  mer- 
cury, and  57  of  gold,  in  100  parts.  The  mercury  which  passes  through  the  ba?,  under 
the  pressure  of  the  fingers,  holds  a  good  deal  of  gold  in  solution ;  and  is  employed  in  ma- 
king fresh  amalgam. 

Preparation  of  the  mercurial  solution.  The  amalgam  of  gold  is  applied  to  brass,  through 
the  intervention  of  pure  nitric  acid,  holding  in  solution  a  little  mercury. 

100  parts  of  mercury,  and  110  parts  by  weight  of  pure  nitric  acid,  specific  gravity  1'33, 
are  to  be  put  into  a  glass  matrass.  On  the  application  of  a  gentle  heat  the  mercury  dis- 
solves with  the  disengagement  of  fumes  of  nitrous  gas,  which  must  be  allowed  to  escape 
into  the  chimney.  This  solution  is  to  be  diluted  with  about  25  times  its  weight  of  pure 
water,  and  bottled  up  for  use. 

1.  [Annealing. — The  workman  anneals  the  piece  of  bronze  after  it  has  come  out  of  the 
hands  of  the  turner  and  engraver.  He  sets  it  among  burning  charcoal,  or  rather  peats, 
which  have  a  more  equal  and  lively  flame ;  covering  it  quite  up,  so  that  it  may  be  oxydized 
as  little  as  possible,  and  taking  care  that  the  thin  parts  of  the  piece  do  not  become  hotter 
than  the  thicker.  This  operation  is  done  in  a  dark  room,  and  when  he  sees  the  piece  of 
a  cherry  red  color,  he  removes  the  fuel  from  about  it,  lifts  it  out  with  long  tongs,  and  sets 
it  to  cool  slowly  in  the  air. 

2.  The  decapage. — The  object  of  this  process  is  to  clear  the  surface  from  the  coat  of 
oxyde  which  may  have  formed  upon  it.  The  piece  is  plunged  into  a  bucket  filled  with 
extremely  dilute  sulphuric  acid ;  it  is  left  there  long  enough  to  allow  the  coat  of  oxyde  to 
be  dissolved,  or  at  least  loosened ;  and  it  is  then  rubbed  with  a  hard  brush.  When  the 
piece  becomes  perfectly  bright,  it  is  washed  and  dried.  Its  surface  may  however  be  still 
a  little  variegated;  and  the  piece  is  therefore  dipped  in  nitric  acid,  specific  gravity  1-33, 
and  afterwards  rubbed  with  a  long-haired  brtish.  The  addition  of  a  little  common  salt 
to  the  dilute  sulphuric  acid  would  probably  save  the  use  of  nitric  acid,  which  is  so  apt  to 
produce  a  new  coat  of  oxyde.  It  is  finally  made  quite  dry  (after  washing  in  pure  water), 
by  being  rubbed  well  with  tanners'  dry  bark,  saw-dust,  or  bran.  The  surface  should 
now  appear  somewhat  de-polished  ;  for  when  it  is  very  smooth,  the  gold  does  not  adhere 
so  well. 

.Application  of  the  amalgam. — The  gilder's  scratch-brush  or  pencil,  made  with 
fine  brass  wire,  is  to  be  dipped  into  the  solution  of  nitrate  of  mercury,  and  is 
then  to  be  drawn  over  a  lump  of  gold  amalgam,  laid  on  the  sloping  side  of  an  earthen 
vessel,  after  which  it  is  to  be  applied  to  the  surface  of  the  brass.     This  process  is  to  be 
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repeated,  dipping  the  brush  into  the  solution,  and  drawing  it  over  the  amalgam,  till  the 
whole  surface  to  be  gilded  is  coated  with  its  just  proportion  of  gold.  The  piece  is  then 
washed  in  a  body  of  water,  dried,  and  put  to  the  fire  to  volatilize  the  mercury.  If  one 
coat  of  gilding  be  insufficient,  the  piece  is  washed  over  anew  with  amalgam,  and  the  op- 
eration recommenced  till  the  work  prove  satisfactory. 

4.  Volatilization  of  the  mercury. — Whenever  the  piece  is  well  coated  with  amalgam, 
the  gilder  exposes  it  to  glowing  charcoal,  turning  it  about,  and  healing  it  by  degrees 
to  the  proper  point ;  he  then  withdraws  it  from  the  fire,  lifts?  it  with  long  pincers,  and, 
seizing  it  in  his  left  hand,  protected  by  a  stuffed  glove,  he  turns  it  over  in  every  direc- 
tion, rubbing  and  striking  it  all  the  while  with  a  long-haired  brush,  in  order  to  equalize 
the  amalgam.  He  now  restores  the  piece  to  the  fire,  and  treats  it  in  the  same  way  till 
the  mercury  be  entirely  volatilized,  which  he  recognises  by  the  hissina;  sound  of  a  drop 
of  water  let  fall  on  it.  During  this  time  he  repairs  the  defective  spots,  taking  care  to 
volatilize  the  mercury  very  slowly.  The  piece,  when  thoroughly  coated  with  gold,  is 
washed,  and  scrubbed  well  with  a  brush  in  water  acidulated  with  vinegar. 

If  the  piece  is  to  have  some  parts  burnished,  and  others  dead,  the  parts  to  be  burnished 
are  covered  with  a  mixture  of  Spanish  white,  bruised  sugar-candy,  and  gum  dissolved  in 
water.  This  operation  is  called  in  French  eparguer  {protecting).  When  the  gilder  has 
protected  the  burnished  points,  he  dries  the  piece,  and  carries  the  heat  high  enough  to 
expel  the  little  mercury  which  might  still  remain  on  it.  He  then  plunges  it,  while  still 
a  little  hot,  in  water  acidulated  with  sulphuric  acid,  washes  it,  dries  it,  and  gives  it  the 
burnish. 

.5.  The  burnish  is  given  by  rubbing  the  piece  with  burnishers  of  hematite  (blood- 
stone). The  workman  dips  his  burnisher  in  water  sharpened  with  vinegar,  and  rubs  the 
piece  always  in  the  same  direction  backwards  and  forwards,  till  it  exhibits  a  fine  polish, 
and  a  complete  metallic  lustre.  He  then  washes  it  in  cold  water,  dries  it  with  fine  linen 
cloth,  and  concludes  the  operation  by  drying  it  slowly  on  a  grating  placed  above  a  chafing 
dish  of  burning  charcoal.  ' 

6.  The  deadening  is  given  as  follows.  The  piece,  covered  with  the  protection  on  those 
parts  that  are  to  be  burnished,  is  attached  with  an  iron  wire  to  the  end  of  an  iron  rod, 
and  is  heated  strongly  so  as  to  give  a  brown  hue  to  the  epargne  by  its  partial  carbon- 
ization. The  gilded  piece  assumes  thus  a  fine  tint  of  gold;  and  is  next  coated  over  with 
a  mixture  of  sea  salt,  nitre,  and  alum,  fused  in  the  water  of  crystallization  of  the  latter 
salt.  The  piece  is  now  restored  to  the  fire,  and  heated  till  the  saline  crust  which  covers 
it  becomes  homogeneous,  nearly  transparent,  and  enters  into  true  fusion.  It  is  then  taken 
from  the  fire  and  suddenly  plunged  into  cold  water,  which  separates  the  saline  crust,  car- 
rying away  even  the  coat  of  epargne.  The  piece  is  lastly  passed  through  very  weak  nitric 
acid,  washed  in  a  great  body  of  water,  and  dried  by  exposure  either  to  the  air,  over  a 
drying  stove,  or  with  clean  linen  cloths. 

7.  Of  or-moulu  color.  —  When  it  is  desired  to  put  a  piece  of  gilded  bronze  into  or- 
moulu  color,  it  must  be  less  scrubbed  with  the  scratch-brush  than  usual,  and  made  to 
come  back  again  by  heating  it  more  strongly  than  if  it  were  to  be  deadened,  and  allowing 
it  then  to  cool  a  little.  The  or-moulu  coloring  is  a  mixture  of  hematite,  alum,  and 
sea  salt.  This  mixture  is  to  be  thinned  with  vinegar,  and  applied  with  a  brush  so  as  to 
cover  the  gilded  brass,  with  reserve  of  the  burnished  parts.  The  piece  is  then  put  on 
glowing  coals,  urged  a  little  by  the  bellows,  and  allowed  to  heat  till  the  color  begins 
to  blacken.  The  piece  ought  to  be  so  hot  that  water  sprinkled  on  it  may  cause  a  hissing 
noise.  It  is  then  taken  from  the  fire,  plun?ed  into  cold  water,  washed,  and  next  rubbed 
with  a  brush  dipped  in  vinegar,  if  the  piece  be  smooth,  but  if  it  he  chased,  weak  nitric 
acid  must  be  used.  In  either  case,  it  must  be  finally  washed  in  a  body  of  pure  water,  and 
dried  over  a  gentle  fire. 

8.  Of  red  gold  color. — To  give  this  hue,  the  piece,  after  being  coated  with  amalgam 
and  heated,  is  in  this  hot  state  to  be  suspended  by  an  iron  wire,  and  tempered  with  the 
composition  known  under  the  name  of  gilder's  wax;  made  with  yellow  wax,  red  ochre, 
verdigris,  and  alum.  In  this  state  it  is  presented  to  the  flame  of  a  wood  fire,  is  heated 
strongly,  and  the  combustion  of  its  coating  is  favored  by  throwing  some  drops  of  the  wax 
mixture  into  the  burning  fuel.  It  is  now  turned  round  and  round  over  the  fire,  so  that  the 
flame  may  act  equally.  When  all  the  wax  of  the  coloring  is  burned  away,  and  when  the 
flame  is  extinguished,  the  piece  is  to  be  plunged  in  water,  washed,  and  scrubbed  with  the 
scratch-brush  and  pure  vinegar.  If  the  color  is  not  beautiful,  and  quite  equal  in  shade, 
the  piece  is  coated  with  verdigris  dissolved  in  vinegar,  dried  over  a  gentle  fire,  plunged 
in  water,  and  scrubbed  with  pure  vinegar,  or  even  with  a  little  weak  nitric  acid  if  the 
piece  exhibit  too  dark  a  hue.  It  is  now  washed,  burnished,  washed  anew,  wiped  with 
linen  cloth,  and  finally  dried  over  a  gentle  fire. 

The  following  is  the   outline  of  a   comjjlete   gilding  factory,  as   now  fitted   up  at 
Paris. 
Fig.  529.  Front  elevation  and  plan  of  a  complete  gilding  workshop. 
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p.  Furnace  of  appel,  or  draught,  serving  at  the  same  time  to  heat  the  deadening  pan 
(poelon  au  mat). 
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F.  Ashpit  of  this  furnace. 

N.  Chimney  of  this  furnace  constructed  of  bricks,  as  far  as  the  contraction  of  tne 
great  chimney  s  of  the  forse,  and  which  is  terminated  by  a  summit  pipe  rising  2  or  3 
yards  above  this  contraction. 

B.  Forse  for  annealing  the  pieces  of  bronze;  for  drying  the  gilded  pieces,  &c. 

c.  Chimney  of  communication  between  the  annealin?  forge  b,  and  the  space  d  below 
the  forge.  This  chimney  serves  to  carry  the  noxious  fumes  into  the  great  vent  of  the 
factory. 

u.  Bucket  for  the  brightening  operation. 

A.  Forse  for  passing  the  amalgam  over  the  piece. 

R.  Shelf  for  the  brushing  operations. 

E  E.  Coal  cellarets. 

0.  Forge  for  the  deadening  process. 

G.  Furnace  for  the  same. 

M.  An  opcnin?  into  the  furnace  of  appel,  by  which  vapors  may  be  let  off  from  any  ope- 
ration by  taking  out  the  plug  at  m. 

1.  Cask  in  which  the  pieces  of  gilded  brass  are  plunged  for  the  deadening  process. 
The  vapors  rising  thence  are  carried  up  the  general  chimney. 

J  J.  Casement  with  glass  panes,  which  serves  to  contract  the  opening  of  the  hearths, 
without  obstructing  the  view.  The  casement  may  be  rendered  moveable  to  admit  larger 
objects. 

H  H.  Curtains  of  coarse  cotton  cloth,  for  closing  at  pleasure,  in  whole  or  part,  one  or 
several  of  the  forges  or  hearths,  and  for  quickening  the  current  of  air  in  the  places  where 
the  curtains  are  not  drawn. 

Q.  Opening  above  the  draught  furnace,  which  serves  for  the  heating  of  the  poelon  au 
mat  (deadening  pan). 

Gilding  on  polished  iron  and  steel. — If  a  nearly  neutral  solution  of  g^ld  in  muriatic 
acid  be  mixed  with  sulphuric  ether,  and  agitated,  the  ether  will  take  up  the  gold,  and 
float  above  the  denser  acid.  When  this  auriferous  ether  ia  applied  by  a  hair  pencil  to 
brightly  polished  iron  or  steel,  the  ether  flies  off,  and  the  gold  adheres.  It  must  be  fixed 
by  polishing  with  the  burnisher.  This  gilding  is  not  very  rich  or  durable.  In  fact,  the 
affinity  between  gold  and  iron  is  feeble,  compared  to  that  between  gold  and  cojjper  or 
silver.  But  polished  iron,  steel,  and  copper,  may  be  gilded  with  heat,  by  gold  leaf. 
They  are  first  heated  till  the  iron  takes  a  bluish  tint,  and  till  the  copper  has  attained  to 
a  like  temperature ;   a  first  coat  of  gold  leaf  is  now  applied,  which  is  pressed  gently 
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down  with  a  burnisher,  and  then  exposed  to  a  gentle  heat.      Several  leaves  either  single 
or  double  are  thus  applied  in  succession,  and  the  last  is  burnished  down  cold. 

Cold  gilding. — Sixty  grains  of  fine  gold  and  12  of  rose  copper  are  to  be  dissolved  in 
two  ounces  of  aqua  regia.  When  the  solution  is  completed,  it  is  to  be  dropped  on  clean 
linen  rags,  of  such  bulk  as  to  absorb  all  the  liquid.  They  are  then  dried,  and  burned  in- 
to ashes.     These  ashes  contain  the  gold  in  powder. 

When  a  piece  is  to  be  silded,  after  subjecting  it  to  the  preliminary  operations  of  soft- 
ening or  annealing  and  brightening,  it  is  rubbed  with  a  moistened  cork,  dipped  in  the 
above  powder,  till  the  surface  seems  to  be  sufficiently  gilded.  Larce  works  are  there- 
after burnished  with  pieces  of  hematite,  and  small  ones  with  steel  burnishers,  along  with 
soap  water. 

In  gilding  small  articles,  as  buttons,  with  amalgam,  a  portion  of  this  is  taken  equivalent 
to  the  work  to  be  done,  and  some  nitrate  of  mercury  solution  is  added  to  it  in  a  wooden 
trough  ;  the  whole  articles  are  now  put  in,  and  well  worked  about  with  a  hard  brush,  till 
their  surfaces  are  equably  coated.  They  are  then  washed,  dried,  and  put  altogether  into 
an  iron  frying-pan,  and  heated  till  the  mercury  begins  to  fly  off,  when  they  are  turned  out 
into  a  cap,  in  which  they  are  tossed  and  well  stirred  about  with  a  painter's  brush.  The 
operation  must  be  repeated  several  times  for  a  strong  gilding.  The  surfaces  are  finally 
brightened  by  brushing  them  along  with  small  beer  or  ale  grounds. 

Gold  wire  is  formed  by  drawmg  a  cylindrical  rod  of  the  metal,  as  pure  as  may  be, 
through  a  series  of  holes  punched  in  an  iron  plate,  diminishing  progressively  in  size.  The 
gold,  as  it  is  drawn  through,  becomes  hardened  by  the  operation,  and  requires  frequent 
annealing. 

Gold  thread,  or  spun  gold,  is  a  flatted  silver-gilt  wire,  wrapped  or  laid  over  a  thread  of 
yellow  silk,  by  twisting  with  a  wheel  and  iron  bobbins.  By  the  aid  of  a  mechanism  like 
the  Braiding  Machine,  a  number  of  threads  may  thus  be  twisted  at  once  by  one  master 
wheel.  The  principal  nicely  consists  in  so  regulating  the  movements  that  the  successive 
volutions  of  the  flatted  wire  on  each  thread  may  just  touch  one  another,  and  form  a 
continuous  covering.  The  French  silver  for  gilding  is  said  to  be  alloyed  with  5  or  6 
pennyweights,  and  ours  with  12  pennyweights  of  copper  in  the  pound  troy.  The  gold 
is  applied  in  leaves  of  greater  or  less  thickness,  according  to  the  quality  of  the  gilt  wire. 
The  smallest  proportion  formerly  allowed  in  this  country  by  act  of  parliament,  was  100 
grains  of  gold  to  one  pound,  or  5760  grains  of  silver ;  but  more  or  less  may  now  be  used. 
The  silver  rod  is  encased  in  the  gold  leaf,  and  the  compound  cylinder  is  then  drawn  into 
round  wirfc  down  to  a  certain  size,  which  is  afterwards  flatted  in  a  rolling  mill  such  as  is 
described  under  Mint. 

The  liquor  employed  by  goldsmiths  to  bring  out  a  rich  color  upon  the  surface  of  their 
trinkets,  is  made  by  dissolving  1  part  of  sea  salt,  1  part  of  alum,  2  parts  of  nitre,  in  3  or 
4  of  water.  This  pickle  or  sauce,  as  it  is  called,  takes  up  not  only  the  copper  alloy,  but 
a  notable  quantity  of  gold  ;  the  total  amount  of  which  in  the  Austrian  empire,  has  been 
estimated  annually  at  47,000  francs.  To  recover  this  gold,  the  liquor  is  diluted  with  at 
least  twice  its  bulk  of  boiling  water ;  and  a  solution  of  very  pure  green  sulphate  of  iron 
is  poured  into  it.  The  precipitate  of  gold  is  washed  upon  a  filter,  dried,  and  purified  by 
melting  in  a  crucible  along  with  a  mixture  of  equal  parts  of  nitre  and  borax. 

GONG-GONG,  or  tam-tam  of  the  Chinese;  a  kind  of  cymbal  made  of  a  copper  alloy, 
described  towards  the  end  of  the  article  Copper. 

GONIOMETER  is  the  name  of  a  little  instrument  made  either  on  mechanical  or 
optical  principles,  for  measuring  the  angles  of  crystals.  It  is  indispensable  to  the  mine- 
ralogist. 

GRADUATOR,  called  by  its  contriver,  M.  Wagenmann,  Es.sigbilder,  which  means 
in  German,  vinegar-maker,  is  represented  in  fig.  530.  It  is 
an  oaken  tub,  55  feet  high,  3^  feet  wide  at  top,  and  3  at 
bottom,  set  upon  wooden  beams,  which  raise  its  bottom 
about  14  inches  from  the  floor.  At  a  distance  of  15  inches 
above  the  bottom,  the  tub  is  pierced  with  a  horizontal  row 
of  8  equidistant  round  holes,  of  an  inch  in  diameter.  At  5 
inches  beneath  the  mouth  of  the  tub,  a  thick  beech-wood 
hoop  is  made  fast  to  the  inner  surface,  which  supports  a 
circular  oaken  shelf,  leaving  a  space  round  its  edge  of  If 
inches,  which  is  stufl'ed  water  tight  with  hemp  or  tow.  In 
this  shelf,  400  holes  at  least  must  be  bored,  about  |  of  an 
inch  in  diameter  and  Ij  inches  apart;  and  each  of  these 
must  be  loosely  filled  with  a  piece  of  packthread,  or  cotton 
wick,  which  serves  to  filter  the  liquid  slowly  downwards. 
In  the  same  shelf  there  are  likewise  four  larger  holes  of  1|  inches  diameter,  and  18 
inches  apart,  each  of  which  receives  air-tight  a  glass  lube  3  or  4  inches  long,  having  its 
ends  projecting  above  and  below  the  shelf.      These  tubes  serve  to  allow  ihe  air  that 
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enters  by  the  8  circumferential  lioles,  to  circulate  freely  through  the  graduator.  The 
mouth  of  the  tube  is  covered  with  a  wooden  lid,  in  whose  middle  is  a  hole  for  the  insertion 
of  a  funnel,  when  the  liquor  of  acetification  requires  to  be  introduced.  One  inch  above 
the  bottom,  a  hole  is  bored  for  receiving  a  syphon-formed  discharge  pipe,  whose  upper 
curvature  stands  one  inch  below  the  level  of  the  holes  in  the  side  of  the  tub,  to  prevent 
the  liquor  from  rising  so  high  as  to  overflow  through  them.  The  syphon  is  so  bent  as  to 
retain  a  body  of  liquor  12  inches  deep  above  the  bottom  of  the  tub,  and  to  allow  the  ex- 
cess only  to  escape  into  the  subjacent  receiver.  In  the  upper  part  of  the  graduator,  but 
under  the  shelf,  the  bulb  of  a  thermometer  is  inserted  through  the  side,  some  way  into 
the  interior,  having  a  scale  exteriorly.  The  whole  capacity  of  the  cask  from  the  bottom 
up  to  within  one  inch  of  the  perforated  shelf,  is  to  be  filled  with  thin  shavings  of  beech 
wood,  grape  stalks,  or  birch  twigs,  previously  imbued  with  vinegar.  The  manner  of  using 
this  simple  apparatus  is  described  under  Acetic  Acid. 

GRANITE  is  a  compound  rock,  essentially  composed  of  quartz,  feldspar,  and  mici, 
each  in  granular  crystals.  It  constitutes  the  lowest  of  the  geological  formations,  and 
therefore  has  been  supposed  to  serve  as  a  base  to  all  the  rest.  It  is  the  most  durable 
material  for  building,  as  many  of  the  ancient  Egyptian  monuments  testify. 

The  obelisk  in  the  place  of  Saint  Jean  de  Lateran  at  Rome,  which  was  quarried  at 
Syene,  under  the  reian  of  Zetus,  king  of  Thebes,  1300  years  before  the  Christian  era ; 
and  the  one  in  the  place  of  Saint  Pierre,  also  at  Rome,  consecrated  to  the  Sun  by  a  son 
of  Sesostris,  have  resisted  the  weather  for  fully  3000  years.  On  the  other  hand  there  are 
many  granites,  especially  those  in  which  feldspar  predominates,  whicli  crack  and  crumble 
down  in  the  course  of  a  few  years.  In  the  same  mountain,  or  even  in  the  same  quarry, 
granites  of  very  ditl'erent  qualities  as  to  soundness  and  durability  occur.  Some  of  the 
graniies  of  Cornwall  and  Limousin  readily  resolve  themselves  into  a  white  kaolin  or 
argillaceous  matter,  from  which  pottery  and  porcelain  are  made. 

Granite,  when  some  time  dug  out  of  the  quarry,  becomes  refractory,  and  difficult  to  cut. 
When  this  rock  is  intended  to  be  worked  it  should  be  kept  under  water  ;  and  that  variety 
ought  to  be  selected  which  contains  least  feldspar,  and  in  which  the  quartz  or  gray  crys- 
tals predominate. 

GRANULATION  is  the  process  by  which  metals  are  reduced  to  minute  grains.  It  is 
effected  by  pouring  them,  in  a  melted  state,  through  an  iron  cullender  pierced  with  small 
holes,  into  a  body  of  water;  or  directly  upon  a  bundle  of  twigs  imuiersed  in  water.  In 
this  way  copper  is  granulated  into  bean  shot,  and  silver  alloys  are  granulated  preparatory 
to  Parting  ;  which  see. 

GRAPHITE  (Plornbagi}ie,Fr. ;  Reissblei,  Germ.)  is  a  mineral  substance  of  a  lead  or 
iron  gray  color,  a  nietallic  lustre,  soft  to  the  touch,  and  staining  the  fingers  with  a  lead 
gray  hue.  Spec.  grav.  2-08  to  2*45.  It  is  easily  scratched,  or  cut  with  a  steel  edge,  and 
displays  the  metallic  lustre  in  its  interior.  Burns  with  great  difficulty  in  the  outward 
flame  of  the  blow-pipe.  It  consists  of  carbon  in  a  peculiar  slate  of  aggresation,  with  an 
extremely  minute  and  apparently  accidental  impregnation  of  iron.  Graphite,  called  also 
plumbago  and  black  lead,  occurs  in  gneiss,  mica  slate,  and  their  subordinate  clay  slates 
and  lime  stones;  in  the  form  of  masses,  veins,  and  kidney-shaped  disseminated  pieces; 
as  also  in  the  transition  slate,  as  at  Borrodale  in  Cumberland,  where  the  most  precious 
deposite  exists,  both  in  reference  to  extent  and  quality,  for  making  pencils.  It  has  been 
found  also  among  the  coal  strata,  as  near  Cumnock  in  Ayrshire.  This  substance  is  em- 
ployed for  counteracting  friction  between  rubbing  surfaces  of  wood  or  metal,  for  making 
crucibles  and  portable  furnaces,  for  giving  a  gloss  to  the  surface  of  cast  iron,  &c.  See 
Plumbago,  for  some  remarks  concerning  the  Cumberland  mine. 

GRAUWACKE,  or  GREYWACKE,  is  a  rock  formation,  composed  of  pieces  of  quartz, 
flinty  slate,  feldspar,  and  clay  slate,  cemented  by  a  clay-slate  basis ;  the  pieces  varying  in 
size  from  small  grains  to  a  hen's  egg. 

GRAY  DYE.  {Teinture  grise,  Fr. ;  Graufarbe,  Germ.)  The  gray  dyes,  in  their 
numerous  shades,  are  merely  various  tints  of  black,  in  a  more  or  less  diluted  stale,  from 
the  deepest  to  the  lightest  hue. 

The  dyeing  materials  are  essentially  the  tannic  and  gallic  acid  of  galls  or  other 
astringents,  along  with  the  sulphate  or  acetate  of  iron,  and  occasionally  wine  stone. 
Ash  gray  is  given  for  30  pounds  of  woollen  stuff,  by  one  pound  of  gall  nuts,  5  lb.  of  wine 
stone  (crude  tartar),  and  2|  lbs.  of  sulphate  of  iron.  The  galls  and  the  wine  stone  being 
bailed  with  from  70  to  80  pounds  of  water,  the  stuff  is  to  be  turned  through  the  de- 
coction at  a  boiling  heat  for  half  an  hour,  then  taken  out,  when  the  bath  being  re- 
freshed with  cold  water,  the  copperas  is  to  be  added,  and,  as  soon  as  it  is  dissolved,  the 
stuff  is  to  be  put  in  and  fully  dyed.  Or,  for  36  pounds  of  wool ;  2  pounds  of  tartar, 
^  pound  of  galls,  3  pounds  of  sumach,  and  2  pounds  of  sulphate  of  iron  are  to  be 
taken.  The  tartar  being  dissolved  in  80  pounds  of  boiling  water,  the  wool  is  to  be 
turned  through  the  solution  for  half  an  hour,  and  then  taken  out.  The  copper  being 
filled  up  to  its  former  level  with  fresh  water,  the  decoction  of  the  galls  and  sumach  is  to 
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be  poured  in,  and  Ihe  wool  boiled  for  half  an  hour  in  the  bath.  The  wool  is  then  taken 
out,  while  the  copperas  is  being  added  and  dissolved ;  after  which  it  is  replaced  in  the 
bath,  and  dyed  gray  with  a  gentle  heat. 

If  the  gray  is  to  have  a  yellow  cast,  instead  of  the  tartar,  its  own  weight  of  alum  is  to 
be  taken ;  instead  of  the  galls,  one  pound  of  old  fustic ;  instead  of  the  copperas,  |  of  a 
pound  of  Salizburg  vitriol,  which  consists,  in  22|  parts,  of  17  of  sulphate  of  iron,  and  5| 
of  sulphate  of  copper;  then  proceed  as  above  directed.  Or  the  stuff  may  be  first  stained 
in  a  balh  of  fustic,  next  in  a  weak  bath  of  galls  with  a  little  alum ;  then  the  wool  being 
taken  out,  a  liille  vitriol  (common  or  Saltzburg)  is  to  be  put  in,  previously  dissolved  in 
a  decoction  of  logwood ;  and  in  this  bath  the  dye  is  completed. 

Pearl  graxj  is  produced  by  passing  the  stuff  first  through  a  decoction  of  sumach  and 
logwood  (2  lbs.  of  the  former  to  one  of  the  latter),  afterwards  through  a  dilute  solution 
of  sulphate  or  acetate  of  iron ;  and  finishing  it  in  a  weak  bath  of  weld  containing  a  little 
alum.  Mouse-gray  is  obtained,  when  with  the  same  proportions  as  for  ash-gray,  a  small 
quantity  of  alum  is  introduced. 

For  several  other  shades,  as  tawny-gray,  iron-gray,  and  slate-gray,  the  stuff  must  re- 
ceive a  previous  blue  ground  by  dippina;  it  in  the  indigo  vat ;  then  it  is  passed  first 
through  a  boiling  bath  of  sumach  with  galls,  and  lastly  through  the  same  bath  at  a  lower 
temperature  after  it  has  received  the  proper  quantity  of  solution  of  iron. 

For  dyeing  silk  gray,  fustet,  logwood,  sumach,  and  elder-tree  bark,  are  employed 
instead  of  galls.  Archil  and  annotto  are  frequently  used  to  soften  and  beautify  the 
tint. 

The  mode  of  producing  gray  dyes  upon  cotton  has  been  sufficiently  explained  in  the 
articles  Calico  Printing  and  Dyeing. 

GREEN  DYE  is  produced  by  the  mixture  of  a  blue  and  yellow  dye,  the  blue 
being  first  applied.  See  Dyeing;  as  also  Blue  and  Yellow  Dyes,  and  Calico 
Printing. 

GREEN  PAINTS.  (Couleurs  vertes,  Fr. ;  Grime  pigmente,  Germ.)  Green,  which  is 
so  common  a  color  in  the  vegetable  kingdom,  is  very  rare  in  the  mineral.  There  is  only 
one  metal,  copper,  wliich  affords  in  its  combinations  the  various  shades  of  gieen  in 
general  use.  The  other  metals  capable  of  producing  this  color  are,  chromium  in  its  prot- 
oxyde,  nickel  in  its  hydrated  oxyde,  as  well  as  its  salts,  the  seleniate,  arseniate,  and  sul- 
phate; and  titanium  in  its  prussiate. 

Green  pigments  are  prepared  also  by  the  mixture  of  yellows  and  blues ;  as,  for  ex- 
ample, the  green  of  Rinman  and  of  Gellert,  obtained  by  the  mixture  of  cobalt  blue,  and 
flowers  of  zinc ;  that  of  Earth,  made  with  yellow  lake,  Prussian  blue,  and  clay ;  but 
these  paints  seldom  appear  in  the  market,  because  the  greens  are  generally  extemporaneous 
preparations  of  the  artists. 

Mountain  green  consists  of  the  hydrate,  oxyde,  or  carbonate  of  copper,  either  factitious, 
or  as  found  in  nature. 

Bremen  or  Brunswick  green  is  a  mixture  of  carbonate  of  copper  with  chalk  or  lime, 
and  sometimes  a  little  magnesia  or  ammonia.  It  is  improved  by  an  admixture  of  white 
lead.  It  may  be  prepared  by  adding  ammonia  to  a  mixed  solution  of  sulphate  of  copper 
and  alum. 

Frise  green  is  prepared  with  sulphate  of  copper  and  sal  ammoniac. 

Miltis  green  is  an  arseniate  of  copper ;  made  by  mixing  a  solution  of  acetate  or  sul- 
phate of  copper  with  arsenite  of  potash.     It  is  in  fact  Scheele's  green. 

Sap  green  is  the  inspissated  juice  of  buckthorn  berries.  These  are  allowed  to  fer- 
ment for  8  days  in  a  tub,  then  put  in  a  press,  adding  a  little  alum  to  the  juice,  and  con- 
centrated by  gentle  evaporation.  It  is  lastly  put  up  in  pigs'  bladders,  where  it  becomes 
dry  and  hard. 

Schweinfurt  green ;  see  Schweinfurt. 

Verona  green  is  merely  a  variety  of  the  mineral  called  green  earth. 

GREEN  VITRIOL  is  sulphate  of  iron  in  green  crystals. 

GUAIAC  (Gaiac,  Fr. ;  Guajaharz,  Germ.)  is  a  resin  which  exudes  from  the 
trunk  of  the  Guaiacum  officinale,  a  tree  which  grows  in  the  AVest  India  islands.  It 
comes  to  us  in  large  greenish-brown,  semi-transparent  lumps,  having  a  conchoidal  or 
splintery  fracture,  brittle,  and  easy  to  pulverize.  It  has  an  aromatic  smell,  a  bitterish, 
acrid  taste,  melts  with  heat,  and  has  a  spec.  grav.  of  from  1'20  to  1-22.  It  consists  of 
6788  carbon;  7*05  hydrogen;  and  25-07  oxygen  ;  and  contains  two  different  resins,  the 
one  of  which  is  soluble  in  all  proportions  in  ammonia,  and  the  other  forms,  with  water 
of  ammonia,  a  tarry  consistenced  mixture.  It  is  soluble  in  alkaline  leys,  in  alcohol,  in- 
completely in  ether,  still  less  so  in  oil  of  turpentine,  and  not  at  all  in  fat  oils.  Its  chief 
use  is  in  medicine. 

GUANO  is  a  substance  of  a  dark  yellow  color ;  of  a  strong  ambrosial  smell ; 
which  blackens  in  the  fire,  with  the  exhalation  of  an  ammoniacal  odor ;  soluble  with 
efl'ervescence  in  hot  nitric  acid.    When  this  solution  is  evaporated  to  dryness,  it  assumes 
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a  fine  red  color,  evincing  the  presence  of  uric  acid.  Guano  is  found  upon  iLe  coasts  of 
Peru,  in  the  islands  of  Chinche,  near  Pisco,  and  several  other  places  more  to  the  south. 
It  forms  a  deposite  50  or  60  feel  thick,  and  of  considerable  extent ;  and  appears  to  be 
the  accumulation  of  the  excrements  of  innumerable  flocks  of  birds,  especially  herons  and 
flamands,  which  inhabit  these  islands.  It  is  an  excellent  manure,  and  forms  the  object 
of  a  most  extensive  and  profitable  trade. 

GUM  {Gomme,  Fr. ;  Gianmi,  Pflanzenschkim,  Germ.)  is  the  name  of  a  proximate 
vegetable  product,  which  forms  with  water  a  slimy  solution,  but  is  insoluble  in  alcohol, 
ether,  and  oils ;  it  is  converted  by  strong  sulphuric  acid  into  oxalic  and  mucic  acids. 

There  are  six  varieties  of  gum  :  1.  gum  arabic ;  2.  gum  Senegal ;  3  gum  of  the  cherry 
and  other  stone  fruit  trees  :  4.  gum  tragacanth;  5.  gum  of  Bassora  ;  6.  the  gum  of  seeds 
and  roots.  The  first  five  spontaneously  flow  from  the  branches  and  trunks  of  their  trees, 
and  sometimes  from  the  fruits,  in  the  form  of  a  mucilage  which  dries  and  hardens  in  the 
air.     The  sixth  kind  is  extracted  by  boiling  water. 

Gum  arabic  and  gum  Senegal  consist  almost  wholly  of  the  purest  gum  called  arabine  by 
the  French  chemists ;  our  native  fruit  trees  contain  some  cerasine,  along  with  arabine ; 
the  gum  of  Bassora  and  gum  tragacanth  consist  of  arabine  and  bassorine. 

Gum  arable  flows  from  the  acacia  arabica,  and  the  ucacia  vera,  which  grow  upon  the 
banks  of  the  Nile  and  in  Arabia.  It  occurs  in  commerce  in  the  form  of  small  pieces, 
rounded  upon  one  side  and  hollow  upon  the  other.  It  is  transparent,  without  smell, 
brittle,  easy  to  pulverize,  sometimes  colorless,  sometimes  with  a  yellow  or  brownish 
tint.  It  may  be  bleached  by  exposure  to  the  air  and  the  sun-beams,  at  the  temperature 
of  boiling  water.  Its  specific  gravity  is  1-355.  Moistened  gum  arabic  reddens  litmus 
paper,  owing  to  the  presence  of  a  little  supermalate  of  lime,  which  may  be  removed  by 
boiling  alcohol;  it  shows  also  traces  of  the  chlorides  of  potassium  and  calcium,  and  the 
acetate  of  potash.  100  parts  of  good  gum  contain  70*40  of  arabine,  17-60  of  water, 
with  a  few  per  cents,  of  saline  and  earthy  matters.  Gum  arabic  is  used  in  medicine,  as 
also  to  give  lustre  to  crapes  and  other  silk  stufls. 

Glim  Senegal  is  collected  by  the  negroes  during  the  month  of  November,  from  the 
acacia  senegal,  a  tree  18  or  20  feet  hish.  It  comes  to  us  in  pieces  about  the  size  of  a 
partridge  esis,  but  sometimes  larger,  with  a  hollow  centre.  Its  specific  gravity  is  1-436. 
It  consists  of  81*10  arabine;  16-10  water;  and  from  2  to  3  of  saline  matters.  The 
chemical  properties  and  uses  of  this  gum  are  the  same  as  those  of  gum  arabic.  It  is 
much  employed  in  calico-printing. 

Cherry-tree  gum  consists  of  52-10  arabine;  54-90  cerasine ;  12  water ;  and  1  saline 
matter. 

Gum  tragacanth  is  gathered  about  the  end  of  June,  from  the  astragohis  tragacantha 
of  Crete  and  the  surrounding  islands.  It  has  the  appearance  of  twisted  ribands  ;  is  while 
or  reddish;  nearly  opaque,  and  a  little  ductile.  It  is  difficult  to  pulverize,  without  heat- 
ing the  mortar.  Its  specific  gravity  is  1-384.  When  plunged  in  water,  it  dissolves  in 
part,  swells  considerably,  and  forms  a  very  thick  mucilage.  100  parts  of  it  consist  of 
53'30  arabine;  33-30  bassorine  and  starch  ;  110  water;  and  from  2  to  3  parts  of  saline 
matters.  It  is  employed  in  calico  printing,  and  by  shoemakers. 
Gum  of  Bassora  ;  see  Bassokine. 

Gum  of  seeds,  as  linseed,  consists  of  52-70  arabine;  28*9  of  an  insoluble  matter;  10-3 
water;  and  7'11  saline  matter.  Neither  bassorine  nor  cerasine  seems  to  be  present  in 
seeds  and  roots.     For  British  Gum,  see  Starch. 

GUM  RESINS.  (Gomme-resines,  Fr. ;  Schteirnharze,  Germ.)  When  incisions  are 
made  in  the  stems,  branches,  and  roots  of  certain  plants,  a  milky  juice  exudes,  which 
gradually  hardens  in  the  air ;  and  appears  to  be  formed  of  resin  and  essential  oil,  held 
suspended  in  water  charged  with  gum,  and  sometimes  with  other  vegetable  matters, 
such  as  caoutchouc,  bassorine,  starch,  wax,  and  several  saline  matters.  The  said  con- 
crete juice  is  called  a  gum-resin  ;  an  improper  name,  as  it  gives  a  false  idea  of  the  nature 
of  the  substance.  They  are  all  solid  ;  heavier  than  water;  in  general  opaque  and  brittle; 
many  have  an  acrid  taste,  and  a  strong  smell ;  their  color  is  very  variable.  They  are 
partially  soluble  in  water,  and  also  in  alcohol ;  and  the  solution  in  the  former  liquid  sel- 
dom becomes  transparent.  Almost  all  the  gum  resins  are  medicinal  substances,  and 
little  employed  in  the  arts  and  manufactures.  The  following  is  a  list  of  them :  Asa- 
foslida;  sum  ammoniac;  bdellium;  euphorbium  ;  galbanum  ;  gamboge;  myrrh;  oliba- 
num  or  frankincense;  opoponax ;  and  scammony.  Some  of  these  are  described  in  this 
work  under  their  peculiar  names. 

GUNPOWDER.  The  following  memoir  upon  this  subject  was  published  by  me  in 
the  Journal  of  the  Royal  Institution  for  October,  1830.  It  contains  the  results  of  se- 
veral careful  analytical  experiments,  as  also  of  observations  made  at  the  Royal  Gun- 
powder works  at  Waltham  Abbey,  and  at  some  similar  establishments  in  the  neighbor- 
hood of  London. 

Gunpowder  is  a  mechanical  combination  of  nitre,  sulphur,  and  charcoal ;   deriving 
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the  intensity  of  its  explosiveness  from  the  purity  of  its  constituents,  the  proportion  in 
which  they  are  mixed,  and  the  intimacy  of  the  admixture. 

1.  On  the  nitre. — Nitre  may  be  readily  purified,  by  solution  in  water  and  crystalliza- 
tion, from  the  muddy  particles  and  foreign  salts  with  which  it  is  usually  contaminated. 
In  a  saturated  aqueous  solution  of  nitre,  boiling  hot,  the  temperature  is  240°  F. ;  and 
the  relation  of  the  salt  to  its  solvent  is  in  weight  as  three  to  one,  by  my  experiments :  not 
five  to  one,  as  MM.  Bottee  and  Rifl[au]t  have  stated.  AYe  must  not,  however,  adopt  the 
general  language  of  chemists,  and  say  that  three  parts  of  nitre  are  soluble  in  one  of  boil- 
ing water,  since  the  liquid  has  a  much  higher  heat  and  greater  solvent  power  than  this 
expression  implies. 

Water  at  60°  dissolves  only  one  fourth  of  its  weight  of  nitre;  or,  more  exactly,  this 
saturated  solution  contains  21  per  cent,  of  salt.  Its  specific  gravity  is  1-1415;  100  parts 
in  volume  of  the  two  constituents  occupy  now  97*91  parts.  From  these  data  we  may 
perceive  that  little  advantage  could  be  gained  in  refining  crude  nitre,  by  making  a  boiling- 
hot  saturated  solution  of  it;  since  on  cooling,  the  whole  would  concrete  into  a  moist 
saline  mass,  consisting  by  weight  of  2f  parts  of  salt,  mixed  with  1  part  of  water,  holding 
I  of  salt  in  solution,  and  in  bulk  of  1|  of  salt,  with  about  1  of  liquid;  for  the  specific 
gravity  of  nitre  is  2-005,  or  very  nearly  the  double  of  water.  It  is  better,  therefore,  to 
use  equal  weights  of  saltpetre  and  water  in  making  the  boiling-hot  solution.  When  the 
filtered  liquid  is  allowed  to  cool  slowly,  somewhat  less  than  three  fourths  of  the  nitre  will 
separate  in  regular  crystals ;  while  the  foreign  salts  that  were  present  will  remain  with 
fully  one  fourth  of  nitre  in  the  mother  liquor.  On  redissolving  these  crystals  with  heat, 
in  about  two  thirds  of  their  weight  of  water,  a  solution  will  result,  from  which  crystalline 
nitre,  fit  for  every  purpose,  will  concrete  on  cooling. 

As  the  principal  saline  impurity  of  saltpetre  is  muriate  of  soda  (a  substance  scarcely 
more  soluble  in  hot  than  in  cold  water),  a  ready  mode  thence  arises  of  separating  that 
salt  from  the  nitre  in  mother  waters  that  contain  them  in  nearly  equal  proportion. 
Place  an  iron  ladle  or  basin,  perforated  with  small  holes,  on  the  bottom  of  the  boiler  in 
which  the  solution  is  concentrating.  The  muriate,  as  it  separates  by  the  evaporation  of 
the  water,  will  fall  down  and  fill  the  basin,  and  may  be  removed  from  time  to  time. 
When  small  needles  of  nitre  begin  to  appear,  the  solution  must  be  run  off  into  the  crys- 
tallizing cooler,  in  which  moderately  pure  nitre  will  be  obtained,  to  be  refined  by  another 
similar  operation. 

At  the  Waltham  Abbey  gunpowder  works  the  nitre  is  rendered  so  pure  by  successive 
solutions  and  crystallizations,  that  it  causes  no  opalescence  in  a  solution  of  nitrate  of 
silver.  Such  crystals  are  dried,  fused  in  an  iron  pot  at  a  temperature  of  from  500°  to 
,600°  F.,  and  cast  into  moulds.     The  cakes  are  preserved  in  casks. 

About  the  period  oC  J 794  and  1795,  under  the  pressure  of  the  first  wars  of  their 
revolution,  the  French  chemists  employed  by  the  government  contrived  an  expeditious, 
economical,  and  sufficiently  effective  mode  of  purifying  their  nitre.  It  must  be  observed 
that  this  salt,  as  brought  to  the  gunpowder-works  in  France,  is  in  general  a  much  cruder 
article  than  that  imported  into  this  country  from  India.  It  is  extracted  from  the 
nitrous  salts  contained  in  the  mortar-rubbish  of  old  buildings,  especially  those  of  the 
lowest  and  filthiest  descriptions.  By  their  former  methods,  the  French  could  not  refine 
their  nitre  in  less  time  than  eight  or  ten  days  ;  and  the  salt  was  obtained  in  great  lumps, 
very  difficult  to  dry  and  divide  ;  whereas  the  new  process  was  so  easy  and  so  quick,  that 
in  less  than  twenty-four  hours,  at  one  period  of  pressure,  the  crude  saltpetre  was  con- 
verted into  a  pure  salt,  brought  to  perfect  dryness,  and  in  such  a  state  of  extreme  division 
as  to  supersede  the  operations  of  grinding  and  sifting,  whence  also  considerable  waste 
was  avoided. 

The  following  is  a  brief  outline  of  this  method,  with  certain  improvements,  as  now 
practised  in  the  establishment  of  the  Mministration  des  poudres  et  saltpetres,  in  France. 
The  refining  boiler  is  charged  over  night  with  600  kilogrammes  of  water,  and  1200 
kilogrammes  of  saltpetre,  as  delivered  by  the  salpetriers.  No  more  fire  is  applied  than 
is  adequate  to  effect  the  solution  of  this  first  charge  of  saltpetre.  It  may  here  be  observed, 
that  such  an  article  contains  several  deliquescent  salts,  and  is  much  more  soluble  than 
pure  nitre.  On  the  morrow  morning  the  fire  is  increased,  and  the  boiler  is  charged  at 
difl^erent  intervals  with  fresh  doses  of  saltpetre,  till  the  whole  amounts  to  3000  kilo- 
grammes. During  these  additions,  care  is  taken  to  stir  the  liquid  very  diligently,  and  to 
skim  oflf  the  froth  as  it  rises.  AVhen  it  has  been  for  some  time  in  ebullition,  and  when  it 
may  be  presumed  that  the  solution  of  the  nitrous  salts  is  eflJected,  the  muriate  of  soda  is 
scooped  out  from  the  bottom  of  the  boiler,  and  certain  affusions  or  inspersions  of  cold 
water  are  made  into  the  pot,  to  quicken  the  precipitation  of  that  portion  which  the  boiling 
motion  may  have  kept  afloat.  When  no  more  is  found  to  fall,  one  kilogramme  of  Flanders 
glue,  dissolved  in  a  sufficient  quantity  of  hot  water,  is  poured  into  the  boiler ;  the  mix- 
ture is  thoroughly  worked  together,  the  froth  being  skimmed  off,  with  several  successive 
inspersions  of  cold  water,  till  400  additional  kilogrammes  have  been  introduced,  consti- 
tuting altogether  1000  kilogrammes. 
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When  the  refining  liquor  affords  no  more  froth,  and  is  grown  perfectly  clear,  all  manip- 
ulation must  cease.  The  fire  is  withdrawn,  with  the  exception  of  a  mere  kindling,  so  as 
to  maintain  the  temperature  till  the  next  morning  at  about  88°  C.  =  190-4  F. 

This  liquor  is  now  transferred  by  hand-basins  into  the  crystallizing  reservoirs,  taking 
care  to  disturb  the  solution  as  little  as  possible,  and  to  leave  untouched  the  impure 
matter  at  the  bottom.  The  contents  of  the  long  crystallizing  cisterns  are  stirred  back- 
wards and  forwards  with  wooden  paddles,  in  order  to  quicken  the  cooling,  and  the 
consequent  precipitation  of  the  nitre  in  minute  crystals.  These  are  raked,  as  soon  as  they 
fall,  to  the  upper  end  of  the  doubly-inclined  bottom  of  the  crystallizer,  and  thence  re- 
moved to  the  washing  chests  or  boxes.  By  the  incessant  agitation  of  the  liquor,  no  large 
crystals  of  nitre  can  possibly  form.  When  the  temperature  has  fallen  to  within  7°  or  8° 
F.,  of  the  apartment,  that  is,  after  seven  or  eight  hours,  all  the  saltpetre  that  it  can  yield 
•will  have  been  obtained.  By  means  of  the  double  inward  slope  given  to  the  crystallizer, 
the  supernatant  liquid  is  collected  in  the  middle  of  the  breadth,  and  may  be  easily  laded 
out. 

The  saltpetre  is  shovelled  out  of  the  crystallizer  into  the  washing  chests,  and  heaped 
up  in  them  so  as  to  stand  about  six  or  seven  inches  above  their  upper  edges,  in  order  to 
allow  for  the  subsidence  which  it  must  experience  in  the  washing  process.  Each  of  these 
chests  being  thus  filled,  and  their  bottom  holes  being  closed  with  plugs,  the  salt  is  be- 
sprinkled from  the  rose  of  a  watering-can,  with  successive  quantities  of  water  saturated 
■with  saltpetre,  and  also  with  pure  water,  till  the  liquor,  when  allowed  to  run  off,  indicates 
by  the  hydrometer,  a  saturated  solution.  The  water  of  each  sprinkling  ought  to  remain 
on  the  salt  for  two  or  three  hours;  and  then  it  may  be  suffered  to  drain  off  through  the 
plug-holes  below,  for  about  an  hour. 

All  the  liquor  of  drainage  from  the  first  watering,  as  well  as  a  portion  of  the  second, 
is  set  aside,  as  being  considerably  loaded  with  the  foreisn  salts  of  the  nitre,  in  order  to 
be  evaporated  in  the  sequel  with  the  mother  waters.  The  last  portions  are  preserved, 
because  they  contain  almost  nothing  but  nitre,  and  may  therefore  serve  to  wash  another 
dose  of  that  salt.  It  has  been  proved  by  experience,  that  the  quantity  of  water  employed 
in  washing  need  never  exceed  thirty-six  sprinklings  in  the  whole,  composed  of  three 
waterings,  of  which  the  first  two  consist  of  fifteen,  and  the  last  of  six  pots  =  3  gallons  E. ; 
or  in  other  words,  of  fifteen  sprinklings  of  water  saturated  with  saltpetre,  and  twenty- 
one  of  pure  water. 

The  saltpetre,  after  remaining  five  or  six  days  in  the  washing  chests,  is  transported  into 
the  drying  reservoirs,  heated  by  the  flue  of  the  nearest  boiler;  here  it  is  stirred  up  from 
time  to  time  with  wooden  shovels,  to  prevent  its  adhering  to  the  bottom,  or  running  into 
lumps,  as  well  as  to  quicken  the  drying  process.  In  the  course  of  about  four  hours,  it 
gets  completely  dry,  in  which  state  it  no  longer  sticks  to  the  shovel,  but  falls  down  into  a 
soft  powder  by  pressure  in  the  hand,  and  is  perfectly  white  and  jjulverulent.  It  is  now 
passed  through  a  brass  sieve,  to  separate  any  small  lumps  or  foreign  particles  accidentally 
present,  and  js  then  packed  up  in  bags  or  barrels.  Even  in  the  shortest  winter  days,  the 
drying  basin  may  be  twice  charged,  so  as  to  dry  700  or  800  kilogrammes.  By  this  ope- 
ration, the  nett  produce  of  3000  kilogrammes  (3  tons)  thus  refined,  amounts  to  from 
1750  to  1800  kilogrammes  of  very  pure  nitre,  quite  ready  for  the  manufacture  of  gun- 
powder. 

The  mother  waters  are  next  concentrated ;  but  into  their  management  it  is  needless  to 
enter  in  this  memoir. 

On  reviewing  the  above  process  as  practised  at  present,  it  is  obvious  that,  to  meet  the 
revolutionary  crisis,  its  conductors  must  have  shortened  it  greatly,  and  have  been  content 
with  a  brief  period  of  drainage. 

2.  On  the  sulphur. — The  sulphur  now  imported  into  this  country,  from  the  volcanic 
districts  of  Sicily  and  Italy,  for  our  manufactories  of  sulphuric  acid,  is  much  purer  than 
the  sulphur  obtained  by  artificial  heat  from  any  varieties  of  pyrites,  and  may,  therefore, 
by  simple  processes,  be  rendered  a  fit  constituent  of  the  best  gunpowder.  As  it  is  not 
my  purpose  here  to  repeat  what  may  be  found  in  common  chemical  compilations,  I  shall 
say  nothing  of  the  sublimation  of  sulphur;  a  process,  moreover,  much  too  wasteful  for 
the  gunpowder-maker. 

Sulphur  may  be  most  easily  analyzed,  even  by  the  manufacturer  himself;  for  I  find  it 
to  be  soluble  in  one  tenth  of  its  weight  of  boiling  oil  of  turpentine,  at  316°  Fahrenheit, 
forming  a  solution  which  remains  clear  at  180°.  As  it  cools  to  the  atmospheric  tempera- 
ture, beautiful  crystalline  needles  form,  which  may  be  washed  sufficiently  with  cold  alco- 
hol, or  even  tepid  water.  The  usual  impurities  of  the  sulphur,  which  are  carbonate  and 
sulphate  of  zinc,  oxyde  and  sulphuret  of  iron,  sulphuret  of  arsenic  and  silica,  will  remain 
unaffected  by  the  volatile  oil,  and  may  be  separately  eliminated  by  the  curious,  though 
such  separation  is  of  little  practical  importance. 

Two  modes  of  refining  sulphur  for  the  gunpowder  works  have  been  employed ;  the 
lirst  is  by  fusion,  the  second  by  distillation.      Since  the  combustible  solid  becomes  as 
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limpid  as  water,  at  the  temperature  of  about  230°  Fahrenheit,  a  ready  mode  offers  of 
removing  at  once  its  denser  and  lighter  impurities,  by  subsidence  and  skimming.  But 
I  may  take  the  liberty  of  observing,  that  the  French  melting  pot,  as  described  in  the 
elaborate  work  of  MM.  Bottee  and  Ritiault,  is  singularly  iil-conlrived,  for  the  fire  is 
kindled  right  under  it,  and  plays  on  its  bottom.  Now  a  pot  for  subsidence  ousht  to  be 
cold  set;  that  is,  should  have  its  bottom  part  imbedded  in  clay  or  mortar  for  four  or  six 
inches  up  the  side,  and  be  exposed  to  tlie  circulating  flame  of  the  fire  only  round  its 
middle  zone.  This  arrangement  is  adopted  in  many  of  our  great  chemical  works,  and 
is  found  to  be  very  advantageous.  With  such  a  boiler,  judiciously  heated,  I  believe 
that  crude  sulphur  might  be  made  remarkably  pure ;  whereas  by  directing  the  heat 
against  the  bottom  of  the  vessel,  the  crudities  are  tossed  up,  and  incorporated  with  the 
mass.     See  Evaporation. 

The  sulphur  of  commerce  occurs  in  three  prevailing  colors;  lemon  yellow  verging  on 
green,  dark  yellow,  and  brown  yellow.  As  these  difierent  shades  result  from  the  differ- 
ent degrees  of  heat  to  which  it  has  been  exposed  in  its  original  extraction  on  the  great 
scale,  we  may  thereby  judge  to  what  point  it  may  still  be  heated  anew  in  the  refinery 
melting.  Whatever  be  the  actual  shade  of  the  crude  article,  the  art  of  the  refiner  con- 
sists in  regulating  the  heat,  so  that  after  the  operation  it  may  possess  a  brilliant  yellow 
hue,  inclining  somewhat  to  green. 

In  seeking  to  accomplish  this  purpose,  the  sulphur  should  first  be  sorted  according  to 
its  shades ;  and  if  a  greenish  variety  is  to  be  purified,  since  this  kind  has  been  but  little 
heated  in  its  extraction,  the  fusion  may  be  urged  pretty  smartly,  or  the  fire  may  be  kept 
up  till  everything  is  melted  but  the  uppermost  layer. 

Sulphur  of  a  strong  yellow  tinge  cannot  bear  so  great  a  heat,  and  therefore  the  fire 
must  be  withdrawn  whenever  three  fourths  of  the  whole  mass  have  been  melted. 

Brown-colored  brimstone,  having  been  already  somewhat  scorched,  should  be  heated 
as  little  as  possible,  and  the  fire  may  be  removed  as  soon  as  one  half  of  the  mass  is 
fused. 

Instead  ol  melting,  separately,  sulphurs  of  different  shades,  we  shall  obtain  a  better  re- 
sult by  first  filling  up  the  pot  to  half  its  capacity,  with  the  greenish-colored  article,  putting 
over  this  layer  one  quarter  volume  of  the  deep  yellow,  and  filling  it  to  the  brim  with 
the  brown-colored.  The  fire  must  be  extinguished  as  soon  as  the  yellow  is  fused.  The 
pot  must  then  be  closely  covered  for  some  time;  after  which  the  lighter  impurities  will  be 
found  on  the  surface  in  a  black  froth,  which  is  skimmed  off,  and  the  heavier  ones  sink 
to  the  bottom.  The  sulphur  itself  must  be  left  in  the  pot  for  ten  or  twelve  hours,  after 
which  it  is  laded  out  into  the  crystallizing  boxes  or  casks. 

Distillation  affords  a  more  complete  and  very  economical  means  of  purifying  sulphur, 
which  was  first  introduced  into  the  French  gunpowder  establishments,  when  their 
importation  of  the  best  Italian  and  Sicilian  sulphur  was  obstructed  by  the  British 
navy.  Here  the  sulphur  need  not  come  over  slowly  in  a  rare  vapor,  and  be  deposited 
in  a  pulverulent  form  called  flowers ;  for  the  only  object  of  the  refiner  is  to  bring  over 
the  whole  of  the  pure  sulphur  into  his  condensing  chamber,  and  to  leave  all  its  crudities 
in  the  body  of  the  still.  Hence  a  strong  fire  is  applied  to  elevate  a  denser  mass  of 
vapors,  of  a  yellowish  color,  which  passing  over  into  the  condenser,  are  deposited  in 
a  liquid  state  on  its  bottom,  whilst  only  a  few  lighter  particles  attach  themselves  to  the 
upper  and  lateral  surfaces.  The  refiner  must  therefore  give  to  the  heat  in  this  opera- 
tion very  considerable  intensity ;  and,  at  some  height  above  the  edge  of  the  boiler,  he 
should  provide  an  inclined  plane,  which  may  let  the  first  ebullition  of  the  sulphur  over- 
flow into  a  safety  recipient.  The  condensing  chamber  should  be  hot  enough  to  main- 
tain the  distilled  sulphur  in  a  fluid  state — an  object  most  readily  procured  by  leading 
the  pipes  of  several  distilling  pots  into  it ;  while  the  continuity  of  the  operations  is  se- 
cured, by  charging  each  of  the  stills  alternately,  or  in  succession.  The  heat  of  the  re- 
ceiver must  be  never  so  high  as  to  bring  the  sulphur  to  a  sirupy  consistence,  whereby  its 
color  is  darkened. 

In  the  sublimation  of  sulphur,  a  pot  containing  about  4  cwts.  can  be  worked  off  only 
once  in  twenty-four  hours,  from  the  requisite  moderation  of  its  temperature,  and  the  pre- 
caution of  an  inclined  plane,  which  restores  to  it  the  accidental  ebullitions.  But,  by  dis- 
tillation, a  pot  containing  fully  ten  cwts.  may  complete  one  process  in  nine  hours  at  most, 
with  a  very  considerable  saving  of  fuel.  In  the  former  plan  of  procedure,  an  interval 
must  elapse  between  the  successive  charges ;  but  in  the  latter,  the  operation  must  be 
continuous  to  prevent  the  apparatus  from  getting  cooled  ;  in  sublimation,  moreover,  where 
communication  of  atmospheric  air  to  the  condensing  chamber  is  indispensable,  explosive 
combustions  of  the  sulphurous  vapors  frequently  occur,  with  a  copious  production  of  sul- 
phurous acid,  and  correspondent  waste  of  the  sulphur  ;  disa.dvantages  from  which  the  dis- 
tillatory process  is  in  a  great  measure  exempt. 

I  shall  here  describe  briefly  the  form  and  dimensions  of  the  distilling  apparatus 
employed  at  Marseilles  in  purifying  sulphur  for  the  national  gunpowder  works,  which 
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was  found  adequate  to  supply  the  wants  of  Napoleon's  great  empire.  This  apparatus 
consists  of  only  two  still-pots  of  cast  iron,  formed  like  the  large  end  of  an  egg,  each 
about  three  feet  in  diameter,  two  feet  deep,  and  nearly  half  an  inch  thick  at  the  bottom, 
but  much  thinner  above,  with  a  horizontal  ledge  four  inches  broad.  A  pot  of  good 
cast  iron  is  capable  of  distilling  1000  tons  of  sulphur  before  it  is  rendered  unserviceable, 
by  the  action  of  the  brimstone  on  its  substance,  aided  by  a  strong  red  heat.  The  pot  is 
covered  in  with  a  sloping  roof  of  masonry,  the  upper  end  of  which  abuts  on  the  brickwork 
of  the  vaulted  dome  of  condensation.  A  large  door  is  formed  in  the  masonry  in  front 
of  the  mouth  of  the  pot,  through  which  it  is  charged  and  cleared  out ;  and  between  the 
roof-space  over  the  pot,  and  the  cavity  of  the  vault,  a  large  passase  is  opened.  At  the 
back  of  the  pot  a  stone  step  is  raised  to  prevent  the  sulphur  boiling  over  into  the  con- 
denser. The  vault  is  about  ten  feet  wide  within,  and  fourteen  feet  from  the  bottom  up  to 
the  middle  of  the  dome,  which  is  perforated,  and  carries  a  chimney  about  twelve  feet  high, 
and  twelve  feet  diameter  inside. 

As  the  dome  is  exposed  to  the  expansive  force  of  a  strong  heat,  and  to  a  very  con- 
siderable pressure  of  gases  and  vapors,  it  must  possess  great  solidity,  and  be  therefore 
bound  with  iron  straps.  Between  the  still  and  the  contiguous  wall  of  the  condensing 
chamber,  a  space  must  be  left  for  the  circulation  of  air  ;  a  precaution  found  by  experience 
indispensable;  for  the  contact  of  the  furnaces  would  produce  on  the  wall  of  the  chamber 
such  a  heat  as  to  make  it  crack  and  form  crevices  for  the  liquid  sulphur  to  escape. 
The  sides  of  the  chamber  are  constructed  of  solid  masonry,  forty  inches  thick,  sur- 
mounted by  a  brick  dome,  covered  with  a  layer  of  stones.  The  floor  is  paved  with 
tiles,  and  the  walls  are  lined  with  them  up  to  the  springing  of  the  dome ;  a  square 
hole  being  left  in  one  side,  furnished  with  a  strong  iron  door,  at  which  the  liquid 
sulphur  is  drawn  off  at  proper  intervals.  In  the  roof  of  the  vault  are  two  valve-holes 
covered  with  light  plates  of  sheet-iron,  which  turn  freely  on  hinges  at  one  end,  so  as 
to  give  way  readily  to  any  sudden  expansion  from  within,  and  thus  prevent  dangerous 
explosions. 

As  the  chamber  of  condensation  is  an  oblong  square,  terminating  upwards  in  an  oblong 
vault,  it  consists  of  a  parallelepiped  below,  and  semi-cylinder  above,  having  the  follow- 
ing dimensions : — 

Length  of  the  parallelopiped  ....  16|  feet. 

Width  104 

Height 7i 

Radius  of  the  cylinder 52. 

Height  or  length  of  semi-cylinder  .        .        .  I65 

Whenever  the  workman  has  introduced  into  each  pot  its  charge  of  ten  or  twelve  hun- 
dred weight  of  crude  sulphur,  he  closes  the  charging  doors  carefully  with  their  iron  plates 
and  cross-bars,  and  lutes  them  light  with  loam.  He  then  kindles  his  fire,  and  makes  the 
sulphur  boil.  One  of  his  first  duties  (and  the  least  neglect  in  its  discharge  may  occasion 
serious  accidents)  is  to  inspect  the  roof-valves  and  to  clean  them,  so  that  they  may  play 
freely  and  sive  way  to  any  expulsive  force  from  within.  By  means  of  a  cord  and  chain, 
connected  with  a  crank  attached  to  the  valves,  he  can,  from  time  to  time,  ascertain  their 
state,  without  mounting  on  the  roof.  It  is  found  proper  to  work  one  of  the  pots  a  certain 
time  before  fire  is  applied  to  the  other.  The  more  steadily  vapors  of  sulphur  are  seen  to 
issue  from  the  valves,  the  less  atmospherical  air  can  exist  in  the  chamber,  and  therefore 
the  less  danger  there  is  of  combustion.  But  if  the  air  be  cold,  with  a  sharp  north  wind, 
and  if  no  vapors  be  escaping,  the  operator  should  stand  on  his  guard,  for  in  such  circum- 
stances a  serious  explosion  may  ensue. 

As  soon  as  both  the  boilers  are  in  full  work  the  air  is  expelled,  the  fumes  cease,  and 
every  hazard  is  at  an  end.  He  should  bend  his  whole  attention  to  the  cutting  off  all  com- 
munication with  the  atmosphere,  securing  simply  the  mobility  of  the  valves,  and  a  steady 
vigor  of  distillation.  The  conclusion  of  the  process  is  ascertained  by  introducing  his 
sounding-rod  into  the  pot,  through  a  small  orifice  made  for  its  passage  in  the  wall.  A 
new  charge  must  then  be  given. 

By  the  above  process,  well  conducted,  sulphurs  are  brought  to  the  most  perfect  state 
of  purity  that  the  arts  can  require;  while  not  above  four  parts  in  the  hundred  of  the  sul- 
phur itself  are  consumed;  the  crude,  incombustible  residuum  varying  from  five  to  eight 
parts,  according  to  the  nature  of  the  raw  material.  But  in  the  sublimation  of  sulphur,  the 
frequent  combustions  inseparable  from  this  operation  carry  the  loss  of  weight  in  flowers  to 
about  twenty  per  cent.     See  Sulphur,  for  a  figure  of  the  subliming  apparatus. 

The  process  by  fusion,  performed  at  some  of  the  public  works  in  this  country,  does 
not  afford  a  return  at  all  comparable  with  that  of  the  above  French  process,  though  a 
much  better  article  is  operated  upon  in  England.  After  two  meltings  of  rough  sul- 
phur (as  imported  from  Sicily  or  Italy),  eighty-four  per  cent,  is  the  maximum  amount 
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obtained,  the  average  being  probably  under  eighty  ;  while  the  product  is  certainly  inferior 
in  quality  to  that  by  distillation. 

3.  On  the  charcoal. — Tender  and  light  woods,  capable  of  affording  a  friable  and  porous 
charcoal,  which  burns  rapidly  away,  leaving  the  smallest  residuum  of  ashes,  and  con- 
taining merefore  the  largest  proportion  of  carbon,  ought  to  be  preferred  for  charring  in 
gunpowder  works. 

After  many  trials  made  long  ago,  black  dogwood  came  to  be  preferred  to  every  plant 
for  this  purpose ;  but  modern  experiments  have  proved  that  many  other  woods  afford  an 
equally  suitable  charcoal.  The  woods  of  black  alder,  poplar,  lime-tree,  horse-chestnut, 
and  chestnut-tree,  were  carbonized  in  exactly  similar  circumstances,  and  a  similar  gun- 
powder was  made  with  each,  which  was  proved  by  the  same  proof-mortar.  The  follow- 
ing results  were  obtained  : — 


Poplar — mean  range              .            -            - 

Toises. 

Feet. 

113 

2 

Black  alder   -            -           -            .            - 

110 

4 

Lime              ..... 

110 

3 

Horse-chestnut           .            -            -            - 

110 

3 

Chestnut-tree             .... 

109 

By  subsequent  experiments,  confirmatory  of  the  above,  it  has  been  further  found  that 
the  willow  presents  the  same  advantages  as  the  poplar,  and  that  several  shrubs,  such  as 
the  hazel-nut,  the  spindle-treee,  the  dogberry,  the  elder-tree,  the  common  sallow,  and 
some  others,  may  be  as  advantageously  employed.  But  whichever  wood  be  used,  we 
should  always  cut  it  when  full  of  sap,  and  never  after  it  is  dead;  we  should  choose 
branches  not  more  tlian  five  or  six  years  old,  and  strip  them  carefully,  because  the  old 
branches  and  the  bark  contain  a  larger  proportion  of  earthy  constituents.  The  branches 
ought  not  to  exceed  three  quarters  of  an  inch  in  thickness,  and  the  larger  ones  should  be 
divided  lengthwise  into  four,  so  that  their  pith  may  be  readily  burned  away. 

Wood  is  commonly  carbonized  in  this  country  into  gunpowder-charcoal  in  cast-iron 
cylinders,  with  their  axes  laid  horizontally,  and  built  in  brick-work,  so  that  the  flame  of 
a  furnace  may  circulate  round  them.  One  end  of  the  cylinder  is  furnished  with  a  door, 
for  the  introduction  of  the  wood  and  the  removal  of  the  charcoal ;  the  other  end  termi- 
nates in  a  pipe,  connected  with  a  worm-tub  for  condensing  the  pyroligneous  acid,  and  giv- 
ing vent  to  the  carbureted  hydrogen  gases  that  are  disengaged.  Towards  the  end  of  the 
operation,  the  connexion  of  the  cylinder  with  the  pyroligneous  acid  cistern  ought  to  be 
cut  off,  and  a  very  free  egress  opened  for  the  volatile  matter,  otherwise  the  charcoal  is 
apt  to  get  coated  with  a  fuliginous  varnish,  and  to  be  even  penetrated  with  condensable 
matter,  which  materially  injure  its  qualities. 

In  France,  the  wood  is  carbonized  for  the  gunpowder  works  either  in  oblong  vaulted 
ovens,  or  in  pits,  lined  with  brick-work  or  cylinders  of  strong  sheet-iron.  In  either  case, 
the  heat  is  derived  from  the  imperfect  combustion  of  the  wood  itself  to  be  charred.  In 
general,  the  product  in  charcoal  by  the  latter  method  is  from  16  to  17  parts,  by  weight, 
from  100  of  wood.  The  pit-process  is  supposed  to  afford  a  more  productive  return,  and 
a  better  article ;  since  the  body  of  wood  is  much  greater,  and  the  fuliginous  vapors  are 
allowed  a  freer  escape.  The  surface  of  a  good  charcoal  should  be  smooth,  but  not  glist- 
ening.    See  Charcoal. 

The  charcoal  is  considered  by  the  scientific  manufacturers  to  be  the  ingredient  most 
influential,  by  its  fluctuating  qualities,  upon  the  composition  of  gunpowder;  and, 
therefore,  it  ought  always  to  be  prepared  under  the  vigilant  and  skilful  eye  of  the 
director  of  the  powder  establishment.  If  it  has  been  kept  for  some  time,  or  quenched 
at  first  with  water,  it  is  unsuitable  for  the  present  purpose.  Charcoal  extinguished  in  a 
close  vessel  by  exclusion  of  air,  and  afterwards  exposed  to  the  atmosphere,  absorbs  only 
from  three  to  fjur  per  cent,  of  moisture,  while  red-hot  charcoal  quenched  with  water  may 
lose  by  drying  twenty-nine  per  cent.  When  the  latter  sort  of  charcoal  is  used  for  gun- 
powder, a  deduction  of  weight  must  be  made  for  the  water  present.  But  charcoal  which 
has  remained  long  impregnated  with  moisture,  constitutes  a  most  detrimental  ingredient 
of  gunpowder. 

4.  On  mixing  the  Constituents  and  forming  the  Powder. 

The  three  ingredients  thus  prepared  are  ready  for  manufacturing  into  gunpowder. 
They  are,  1.  Separately  ground  to  a  fine  powder,  which  is  passed  through  sorted  silk 
sieves  or  bolting  machines.  2.  They  are  mixed  together  in  the  proper  proportions, 
Which  we  shall  afterwards  discuss.     3.  The  composition  is  then  sent  to  the  gunpowder 
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mill,  which  consists  of  two  edge-stones  of  a  calcareous  kind,  turning  by  means  of  a  hori- 
zontal shaft,  on  a  bed-stone  of  the  same  nature  ;  incapable  of  aflbrding  sparks  by  col- 
lision with  steel,  as  sand-stones  would  do.  On  this  bed-stone  the  composition  is  spread, 
and  moistened  with  as  small  a  quantity  of  water  as  will,  in  conjunction  with  the  weight 
of  the  revolving  stones,  bring  it  into  a  proper  body  of  cake,  but  by  no  means  inl8  a  pasty 
state.  The  line  of  contact  of  the  rolling  edge-slone  is  constantly  preceded  by  a  hard 
copper  scraper,  which  goes  round  with  the  wheel,  regularly  collecting  the  caking  mass, 
and  bringing  it  into  the  track  of  the  stone.  From  50  to  60  pounds  of  cake  are  usually 
worked  at  one  operation,  under  each  millstone.  When  the  mass  has  been  thoroughly 
kneaded  and  incorporated,  it  is  sent  to  the  coming-house,  where  a  separate  mill  is  em- 
ployed to foim  the  oake  into  grains  or  corns.  Here  it  is  first  pressed  into  a  hard  firm 
mass,  then  broken  into  small  lumps;  after  which  the  corning  process  is  performed,  by 
placing  these  lumps  in  sieves,  on  each  of  which  is  laid  a  disc  or  flat  cake  of  lignum  vitse. 
The  sieves  are  made  of  parchment  skins,  or  of  copper,  perforated  with  a  multitude  of 
round  holes.  Several  such  sieves  are  fixed  in  a  frame,  which,  by  proper  machinery,  has 
such  a  motion  given  to  it  as  to  make  the  lignum  vitse  runner  in  each  sieve  move  about 
with  considerable  velocity,  so  as  to  break  down  the  lumps  of  the  cake,  and  foice  its  sub- 
stance through  the  holes,  in  grains  of  certain  sizes.  These  granular  particles  are  after- 
wards separated  from  the  finer  dust  by  proper  sieves  and  reels. 

The  corned  powder  must  now  be  hardened,  and  its  rougher  angles  removed,  by  causing 
it  to  revolve  in  a  close  reel  or  cask  turning  rapidly  round  its  axis.  This  vessel  resembles 
somewhat  a  barrel-churn,  and  is  frequently  furnished  inside  with  square  bars  parallel  to 
its  axis,  to  aid  the  polish  by  attrition. 

The  gunpowder  is  finally  dried,  which  is  now  done  generally  with  a  steam  heat,  or  in 
some  places  by  transmitting  a  current  of  air,  previously  heated  in  another  chamber,  over 
canvass  shelves,  covered  with  the  damp  grains. 

5.  On  the  proportion  of  the  Constituents. 

A  very  extensive  suite  of  experiments,  to  determine  the  proportions  of  the  constituents 
for  producing  the  best  gunpowder,  was  made  at  the  Essonne  works,  by  a  commission  of 
French  chemists  and  artillerists,  in  1794. 

Powders  in  the  five  following  proportions  were  prepared  : — 


1 

2 
3 

4 
5 

Nitre. 

Charcoal. 

Sulphur. 

76 

76 

76 

77-32 

77-5 

14 

12 

15 

13-44 

15 

10         Gunpowder  of  Bale. 

12         Gunpowder  works  of  Grenelle. 

9         M.  Guy  ton  de  Morveau. 

9-24    Idem. 

7-5      M.  Rififault. 

The  result  of  more  than  two  hundred  discharges  with  the  proof-mortar  showed  that 
th#  first  and  third  gunpowders  were  the  strongest;  and  the  commissioners  in  conse- 
quence recommended  the  adoption  of  the  third  proportions.  But  a  few  years  thereafter 
it  was  thought  proper  to  substitute  the  first  set  of  proportions,  which  had  been  found 
equal  in  force  to  the  other,  as  they  would  have  a  better  keeping  quality,  from  containing 
a  little  more  sulphur  and  less  charcoal.  More  recently  still,  so  strongly  impressed  have 
the  French  government  been  with  the  high  value  of  durability  in  gunpowders,  that  they 
have  returned  to  their  ancient  dosage  of  75  nitre,  121  charcoal,  and  121  sulphur.  In 
this  mixture,  the  proportion  of  the  substance  powerfully  absorbent  of  moisture,  viz.,  the 
charcoal,  is  still  further  reduced,  and  replaced  by  the  sulphur,  or  the  conservative  ingre- 
dient. 

If  we  inquire  how  the  maximum  gaseous  volume  is  to  be  produced  from  the  chemical 
reaction  of  the  elements  of  nitre  on  charcoal  and  sulphur,  we  shall  find  it  to  be  by  the 
generation  of  carbonic  oxyde  and  sulphurous  acid,  with  the  disengagement  of  nitrogen. 
This  will  lead  us  to  the  following  proportions  of  these  constituents. 


1  prime  equivalent  of  nitre  -            -            - 
1                                    sulphur 
3                                  charcoal 

Hydrogen  =  1 . 

Per  cent 

102 
16 
18 

75-00 
11-77 
13-23 

136 

100-00 
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The  nitre  contains  five  primes  of  oxygen,  of  which  three,  combining  with  the  three  of 
charcoal,  will  furnish  three  of  carbonic  oxyde  gas,  while  the  remaining  two  will  convert 
the  one  prime  of  sulphur  into  sulphurous  acid  gas.  The  single  prime  of  nitrogen  is, 
therefore,  in  this  view,  disengaged  alone. 

The  gaseous  volume,  on  this  supposition,  evolved  from  136  grains  of  gunpowder,  equi 
valent  in  bulk  to  751  grains  of  water,  or  to  three  tenths  of  a  cubic  incif,  will  be,  at  the 
atmospheric  temperature,  as  follows  : — 


Carbonic  oxyde      .         -        .        - 

Grams 

Cubic  Inches. 

42 

=:       141-6 

Sulphurous  acid  -        .        -         - 

32 

=      47-2 

Nitrogen        -        -        -        -        - 

14 

=       47-4 

236-2 

being  an  expansion  of  one  volume  into  787-3.  But  as  the  temperature  of  the  gases  at 
the  instant  of  their  combustive  formation  must  be  incandescent,  this  volume  may  be 
-safely  estimated  at  three  times  the  above  amount,  or  considerably  upwards  of  two  thou- 
sand times  the  bulk  of  the  explosive  solid. 

But  this  theoretical  account  of  the  gases  developed  does  not  well  accord  with  the 
experimental  products  usually  assigned,  though  these  are  probably  not  altogether  exact. 
Much  carbonic  acid  is  said  to  be  disengaged,  a  large  quantity  of  nitrosen,  a  little  oxyde 
of  carbon,  steam  of  water,  with  carbureted  and  sulphureted  hydrogen.  From  experiments 
to  be  presently  detailed,  I  am  convinced  that  the  amount  of  these  latter  products  printed 
in  italics  must  be  very  inconsiderable  indeed,  and  unworthy  of  lanking  in  the  calculation  ; 
for,  in  fact,  fresh  gunpowder  does  not  contain  above  one  per  cent,  of  water,  and  can 
therefore  yield  little  hydrogenated  matter.  Nor  is  the  hydrogen  in  the  carbon  of  any 
consequence. 

It  is  obvious  that  the  more  sulphur  is  present,  the  more  of  the  dense  sulphurous  acid 
will  be  generated,  and  the  less  forcibly  explosive  will  be  the  gunpowder.  This  is  suf- 
ficiently confirmed  by  the  trials  at  Essonne,  where  the  gunpowder  that  contained  12  of 
sulphur  and  12  of  charcoal  in  100  parts,  did  not  throw  the  proof-shell  so  far  as  that 
which  contained  only  9  of  sulphur  and  15  of  charcoal.  The  conservative  property  is, 
however,  so  capital,  especially  for  the  supply  of  our  remote  colonies  and  for  humid  cli- 
mates, that  it  justifies  a  slight  sacrifice  of  strength,  which  at  any  rate  may  be  compen- 
sated by  a  small  addition  of  charge. 

Table  of  Composition  of  different  Gunpowders. 


Royal  Mills  at  Waltham  Abbey  - 

Nitre. 

Charcoal. 

Sulphur. 

75 

15 

10 

France,  national  establishment 

75 

12-5 

12-5 

French,  for  sportsmen          .        .        -        . 

78 

12 

10 

French,  for  mining  -        -         .        .        . 

65 

15 

20 

United  States  of  America    -        -        -        - 

75 

12-5 

12-5 

Prussia  ----... 

75 

13-5 

11-5 

Russia       -----.. 

73-78 

13-59 

12-63 

Austria  (musquet)    ----- 

72 

17 

16 

Spain          ------- 

76-47 

10-78 

12-75 

Sweden  ------- 

76 

15 

9 

Switzerland  (a  round  powder)     -        .        - 

76 

14 

10 

Chinese  ------- 

75 

14-4 

9-9 

Theoretical  proportions  (as  above) 

75 

13-23 

11.77 

6.  On  the  Chemical  Examination  of  Gunpowders. 

I  have  treated  five  different  samples:  1.  The  government  powder  made  at  Waltham 
Abbey;  2.  Glass  gunpowder  made  by  John  Hall,  Dartford  ;  3.  The  treble  strons  gun- 
powder of  Charles  Lawrence  and  Son ;  4.  The  Dartford  i^npowder  of  Pigou  and  Wilks ; 
5.  Superfine  treble  strong  sporting  gunpowder  of  Curtis  and  Harvey.  The  first  is 
coarse-grained,  the  others  are  all  of  considerable  fineness.  The  specific  gravity  of  each 
was  taken  in  oil  of  turpentine:  that  of  the  first  and  last  three  was  exactly  the  same, 
being  1-80;  that  of  the  second  was  1-793,  all  being  reduced  to  water  as  unity. 


C34  GUNPOWDER. 

The  above  density  for  specimen  first,  may  be  calculated  thus  : — 

75  parts  of  nitre,  specific  gravity  =  2-000 
15  parts  of  charcoal,  specific  gr.  =  1-154 
10  parts  of  sulphur,  specific  gr.     =  2-000 

The  volume  of  these  constituents  is  55-5  (the  volume  of  their  weight  of  water  being 
100) ;  by  which  if  their  weight  100  be  divided,  the  quotient  is  1-80. 

The  specific  gravity  of  the  first  and  second  of  the  above  powders,  including  the  inter- 
stices of  their  grains,  after  being  well  shaken  down  in  a  vial,  is  1-02.  This  is  a  curious 
result,  as  the  size  of  the  grains  is  extremely  different.  That  of  Pigou  and  Wilks,  simi- 
larly tried,  is  only  099;  that  of  the  Battle  powder  is  1-03  ;  and  that  of  Curtis  and  Har- 
vey is  nearly  105.  Gunpowders  thus  appear  to  have  nearly  the  same  weight  as  water, 
under  an  equal  bulk ;  so  that  an  imperial  gallon  will  hold  from  10  pounds  to  10  pounds 
and  a  half,  as  above  shown. 

The  quantities  of  water  which  100  grains  of  each  part  with  on  a  steam  bath,  and 
absorb  when  placed  for  24  hours  under  a  moistened  receiver  standing  in  water,  are  as 
follows  : — 

100  grains  of  Waltham  Abbey,  lose  Tl  by  steam  heat,  gain  0-8  over  water. 

of  Hall  -  .    0-5       -  -  -  2-2 

Lawrence    -  -     1-0       -  -  -  1*1 

Pigou  and  Wilks     -    0-6       -  -  -  2-2 

Curtis  and  Harvey  -     09       -  -  -  I'l 

Thus  we  perceive  that  the  large  grained  government  powder  resists  the  hygrometric 
influence  better  than  the  others ;  among  which,  however,  Lawrence's  ranks  nearly  as 
high.     These  two  are  theiefore  relatively  the  best  keeping  gunpowders  of  the  series. 

The  process  most  commonly  practised  in  the  analysis  of  gunpowder,  seems  to  be  toler- 
ably exact.  The  nitre  is  first  separated  by  hot  distilled  water,  evaporated  and  weighed. 
A  minute  loss  of  salt  may  be  counted  on,  from  its  known  volatility  with  boiling  water. 
I  have  evaporated  always  on  a  steam  bath.  It  is  probable  that  a  small  portion  of  the 
lighter  and  looser  constituent  of  gunpowder,  the  carbon,  flies  off"  in  the  operations  of 
corning  and  dusting.  Hence,  analysis  may  show  a  small  deficit  of  charcoal  below  the 
synthetic  proportions  originally  mixed.  The  residuum  of  charcoal  and  sulphur  left  on 
the  double  filter-paper,  being  well  dried  by  the  heat  of  ordinary  steam,  was  estimated,  as 
usual,  by  the  dill'erence  of  weight  of  the  inner  and  outer  papers.  This  residuum  was 
cleared  off  into  a  platina  capsule  with  a  tooth-brush,  and  digested  in  a  dilute  solution 
of  potash  at  a  boiling  temperature.  Three  parts  of  potash  are  fully  sufficient  to  dis- 
solve out  one  of  sulphur.  AVlien  the  above  solution  is  thrown  on  a  filter,  and  washed 
first  with  a  very  dilute  solution  of  potash  boiling  hot,  then  with  boiling  water,  and  after- 
wards dried,  the  carbon  will  remain  ;  the  weight  of  which  deducted  from  that  of  the  mixed 
powder,  will  show  the  amount  of  sulphur. 

I  have  tried  many  other  modes  of  estimating  the  sulphur  in  gunpowder  more  directly, 
but  with  little  satisfaction  in  the  results.  When  a  platina  capsule,  containing  gunpowder 
spread  on  its  bottom,  is  floated  in  oil,  heated  to  400°  Fahrenheit,  a  brisk  exhalation  of 
sulphur  fumes  rises,  but,  at  the  end  of  several  hours,  the  loss  does  not  amount  to  more 
than  one  half  of  the  sulphur  present. 

The  mixed  residuum  of  charcoal  and  sulphur  digested  in  hot  oil  of  turpentine  gives 
up  the  sulphur  readily;  but  to  separate  again  the  last  portions  of  the  oil  from  the  char- 
coal or  sulphur,  requires  the  aid  of  alcohol. 

When  gunpowder  is  digested  with  chlorate  of  potash  and  dilute  muriatic  acid,  at  a  mod- 
erate heat  in  a  retort,  the  sulphur  is  acidified  ;  but  this  process  is  disagreeable  and  slow, 
and  consumes  much  chlorate.  The  resulting  sulphuric  acid  being  tested  by  nitrate  of 
baryta,  indicates  of  course  the  quantity  of  sulphur  in  the  gunpowder.  A  curious  fact 
occurred  to  me  in  this  experiment.  After  the  sulphur  and  charcoal  of  the  gunpowder 
had  been  quite  acidified,  I  poured  some  solution  of  the  baryta  salt  into  the  mixture,  but 
no  cloud  of  sulphate  ensued.  On  evaporating  to  dryness,  however,  and  redissolvins,  the 
nitrate  of  baryta  became  effective,  and  enabled  me  to  estimate  the  sulphuric  acid  gene- 
rated; which  was  of  course  10  for  every  4  of  the  sulphur. 

The  acidification  of  the  sulphur  by  nitric  or  nitro-muriatie  acid  is  likewise  a  slow  and 
unpleasant  operation. 

By  digesting  gunpowder  with  potash  water,  so  as  to  convert  its  sulphur  into  a  sulphu- 
ret,  mixing  this  wiih  nitre  in  great  excess,  drying  and  igniting,  I  had  hoped  to  convert 
the  sulphur  readily  into  sulphuric  acid.  But  on  treating  the  fused  mass  with  dilute 
nitric  acid,  more  or  less  sulphurous  acid  was  exhaled.  This  occurred  even  though 
chlorate  of  potash  had  been  mixed  with  the  nitre  to  aid  the  oxygenation. 
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The  following   are   the   results   of   my   analyses,  conducted   by   the  first  described 
method  : 


100  grains  afford,  of 

Nitre. 

Charcoal. 

Sulphur. 

Wafer. 

Waltham  Abbey    -     - 
Hall,  Darlford  -     -     - 
Pigou  and  Wilks  -     - 
Curtis  and  Harvey      - 
Battle  sunpowder 

74-5 
76-2 

77-4 
76-7 
77-0 

14-4 
14-0 
13-5 
12-5 
13-5 

10-0 
9-0 
8-5 
9-0 
S-0 

M 

0-5  loss  0-3 
0-6 

M  loss  0-7 
0-8  loss  0-7 

It  is  probable,  for  reasons  already  assigned,  that  the  proportions  mixed  by  the  manu- 
facturers may  difl'cr  slightly  from  the  above. 

The  English  sporting  gunpowders  have  long  been  an  object  of  desire  and  emulation  in 
France.  Their  great  superiority  for  fowling  pieces  over  the  product  of  the  French  national 
manufactories,  is  indisputable.  Unwilling  to  ascribe  this  superiority  to  any  genuine  cause, 
M.  Vergnaud,  captain  of  French  artillery,  in  a  little  work  on  fulminating  powders  lately 
published,  asserts  ])Osiiively,  that  the  English  manufacturers  of  '  poiidre  de  chasse'  are 
guilty  of  the  '  charlatanisme' of  mixing  fulminating  mercury  with  it.  To  determine  what 
truth  Avas  in  this  allegation,  with  regard  at  least  to  the  above  five  celebrated  gunpowders, 
I  made  the  following  experiments. 

One  grain  of  fulminating  mercury,  in  crystalline  particles,  was  mixed  in  water  with 
200  grains  of  the  Wallham  Abbey  gunpowder,  and  the  mixture  was  digested  over  a 
lamp  with  a  very  little  muriatic  acid.  The  filtered  liquid  gave  manifest  indications  of 
the  corrosive  sublimate,  into  which  fulminating  mercury  is  instantly  convertible  by  mu- 
riatic acid  ;  for  copper  was  quicksilvered  by  it ;  potash  caused  a  white  cloud  in  it  that 
became  yellow,  and  sulphureted  hydrogen  gas  separated  a  dirty  yellow  white  precipi- 
tate of  bisulphuret  of  mercury.  When  the  Waltham  Abbey  powder  was  treated  alone 
with  dilute  muriatic  acid,  no  efiect  whatever  was  produced  upon  the  filtered  liquid  by  the 
sulphureted  hydrogen  gas. 

200  grains  of  each  of  the  above  sporting  gunpowders  were  treated  precisely  in  the 
same  way,  but  no  trace  of  mercury  was  obtained  by  the  severest  tests.  Since  by  this 
process  there  is  no  doubt  but  one  10,000th  part  of  fulminating  mercury  could  be  de- 
tected, we  may  conclude  that  Captain  Vergnaud's  charge  is  groundless.  The  superiority 
of  our  sporting  gunpowders  is  due  to  the  same  cause  *s  the  superiority  of  our  cotton 
fabrics — the  care  of  our  manufacturers  in  selecting  the  best  materials,  and  their  skill  in 
combining  them. 

I  shall  subjoin  here  some  miscellaneous  observations  upon  gunpowder. 

In  Bengal,  mixing  is  performed  by  shutting  up  the  ingredients  in  barrels,  which  are 
turned  either  by  hand  or  machinery;  each  containing  50  lbs.  weight,  or  more,  of  small 
brass  balls.  They  have  ledges  on  the  inside,  which  occasion  the  balls  and  composition 
to  tumble  about  and  mingle  together,  so  that  the  intermixture  of  the  ingredients,  after 
the  process  has  been  sone  through,  cannot  fail  to  be  complete.  The  operation  is  con- 
tinued two  or  three  hours;  and  I  think  it  would  be  an  improvement  in  Her  Majesty's 
systemof  manufacture  if  this  method  of  mixing  were  adopted. 

In  England  two  or  three  pints  of  water  are  used  for  a  42  lb.  charge  :  but  the  quantity 
is  variable  ;  both  the  temperature  and  the  humidity  of  the  atmosphere  influence  it. 

Bramah's  hydrostatic  press,  or  a  very  strong  wooden  press  working  with  a  powerful 
screw,  lever,  and  windlass,  constitutes  the  description  of  mechanism  by  which  density  is 
imparted  to  gunpowder.  The  incorporated  or  mill-cake  powder  is  laid  on  the  bed  or 
follower  of  the  press,  and  separated,  at  equal  distances,  by  sheets  of  copper,  so  that  when 
the  operation  is  over,  it  comes  out  in  large  thin  solid  cakes,  or  strata,  distinguished  by 
the  term  press-cake.  The  mill-cake  powder  at  Waltham  Abbey,  is  submitted  to  a  mean 
theoretic  pressure  of  70  to  75  tons  per  superficial  foot. 

Gunpowder  should  be  thoroughly  dried,  but  not  by  too  high  a  degree  of  heat ;  that 
of  140°  or  150°  of  Fahrenheit's  thermometer  is  sufficient.  It  appears  to  be  of  no  conse- 
quence whether  it  be  dried  by  solar  heat,  by  radiation  from  red-hot  iron,  as  in  the  gloom 
stove,  or  by  a  temperature  raised  by  means  of  steam.  Her  Majesty's  gunpowder  is  dried 
by  the  last  two  methods.  The  grain  should  not  be  suddenly  exposed  to  the  highest  degree 
of  heat,  but  gradually. 

The  method  of  trial  best  adapted  to  show  the  real  inherent  strength  and  goodness  of 
gunpowder,  appears  to  be  an  eight  or  ten  inch  iron  or  brass  mortar,  with  a  truly  spherical 
solid  shot,  having  not  more  than  one  tenth  of  an  inch  windage,  and  fired  with  a  low 
charge.  The  eight-inch  mortar,  fired  with  two  ounces  of  powder,  is  one  of  the  established 
methods  of  proof  at  Her  Majesty's  works.  Gunpowders  that  range  equally  in  this  mode 
of  trial,  may  be  depended  on  as  being  equally  strong. 

Another  proof  is  by  four  drachms  of  powder  laid  in  a  srtiall  neat  heap,  on  a  clean,  polished 
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copper  plato:  which  heap  is  fired  at  the  apex,  by  a  red  hot  iron.  The  explosion  should 
be  sharp  and  quick  ;  not  tardy,  nor  lingering ;  it  should  produce  a  sudden  concussion  in 
the  air ;  and  the  force  and  power  of  that  concussion  ought  to  be  judged  of  by  comparison 
with  that  produced  hy  powder  of  known  good  quality.  No  sparks  should  fly  off',  nor  should 
beads,  or  globules  of  alkaline  residuum,  be  left  on  the  copper.  If  the  copper  be  left 
clean,  i.  e.  wiiiiout  eioss  foulness,  and  no  lights,  i.  e.  sparks,  be  seen,  the  ingredients 
may  be  considered  to  have  been  carefully  prepared,  and  the  powder  lo  have  been  well 
manipulated,  particularly  if  pressed  and  glazed  ;  but  if  the  contrary  be  the  result,  there 
has  been  a  want  of  skill  or  of  carefulness  manifested  in  the  manufacture. 

"  Gunpowder,"  says  Captain  Bishop,  "  explodes  exactly  at  the  600°  of  heat  by  Fah- 
renheit's thermometer ;  when  gunpowder  is  exposed  to  500°  it  alters  its  nature  altoge- 
ther ;  not  only  the  whole  of  the  moisture  is  driven  off",  but  the  saltpetre  and  sulphur  are 
acuially  reduced  to  fusion,  both  of  v/hich  liquefy  under  the  above  degree.  The  powder, 
on  cooling,  is  found  to  have  changed  its  color  from  a  gray  to  a  deep  black ;  the  grain  has 
become  extremely  indurated,  and  by  exposure  even  to  very  moist  air,  it  then  suffers  no 
alteration  by  imbibins;  moisture." 

The  mill  for  grinding  the  gunpowder  cake  may  be  understood  from  the  following 
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repiesentation  (fig.  531);  p,is  the  water  wheel,  which  may  drive  several  pairs  of  stones  ; 
q,  q,  two  vertical  bevel  wheels,  fixed  upon  the  axis  of  the  great  wheel ;  r,  ^,  two  horizontal 
bevel  wheels  working  in  q,q,  and  turning  the  shafts*,  s ;  i,  t,  two  horizontal  spur  wheels 
fixed  to  the  upper  part  of  the  vertical  shafts,  and  driving  the  large  wheels  u,  u.  To 
the  shafts  of  these  latter  wheels  are  fixed  the  runners  v,  v,  which  traverse  upon  the  bed 
stone  w,  w  ;  x,  x,  are  the  curbs  surrounding  the  bed  stone  to  prevent  the  powder  from 
falling  oflT;  o  is  the  scraper.  Mill  A  represents  a  view,  and  mill  b  a  section  of  the  bed 
stone  and  curb. 

GYPSUM,  Sulphate  of  lime,  Mabaster,  or  Paris  Plaster.  This  substance  is  found  in 
three  geological  positions  in  the  crust  of  the  earth;  among  transition  rocks;  in  the  red 
marl  formation;  and  above  the  chalk,  in  the  tertiary  beds. 

1.  The  alpine  gvpsums  are  ranged  by  M.  Brochant  among  the  transition  class,  and 
are  characterized  ny  the  presence  of  anthracite  or  stone  coal ;  some  of  them  are  white 
and  pure,  others  gray  or  yellowish,  and  mixed  with  mica,  talc,  steatite,  black  oxyde  of 
iron,  pyrites,  compact  carbonate  of  lime,  sulphur,  and  common  salt.  Examples  of  such 
localities  are  found  in  the  gypsum  of  Val-Canaria  at  the  foot  of  Saint  Gothard,  that  of 
Brigg  in  the  upper  Valais  ;  of  the  Grilla  in  the  valley  of  Chamouni,  and  of  Saint  Ger- 
vais-les-Bains,  near  Sallenches  in  Savoy. 

2.  The  secondary  gypsum,  or  that  of  the  salt  mine  districts,  belongs  to  the  red  ground, 
immediately  beneath  the  lias  in  the  order  of  stratification,  and  therefore  a  rock  relatively 
ancient.  Near  Northwick,  the  red  marl  beds  above  the  great  deposite  of  rock  salt,  are 
irregularly  intersected  with  gypsum,  in  numerous  laminae  or  plates.  At  Newbisgin  in 
Cumberland,  the  gypsum  lies  in  red  argillaceous  marl,  between  two  strata  of  sandstone; 
and  a  mile  south  of  Whitehaven,  the  subterraneous  workings  for  the  alabaster  extend 
30  yards  in  a  direct  line;  with  two  or  three  lateral  branches  extending  about  10  yards, 
at  whose  extremities  are  large  spaces  where  the  gypsum  is  blasted  with  gunpowder.  It 
is  generally  compact,  forming  a  regular  and  conformable  bed,  with  crystals  of  selenite 
(crystallized  gypsum)  in  drusy  cavities.  Gypsum  occurs  in  the  red  marl  in  the  isle  of 
Axholme,  and  various  other  places  in  Nottinghamshire.  In  Derbyshire  some  consider- 
able deposites  have  been  found  in  the  same  red  sandstone,  several  of  which  are  mined, 
as  at  Chellaston  hill,  which  would  exhibit  a  naked  and  water-Avorn  rock  of  gypsum, 
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were  it  not  for  a  covering  of  alluvial  clay.  It  appears  in  general  to  present  itself  chiefly 
in  particular  patches,  occasioning  a  sudden  rise,  or  an  insulated  hill,  by  the  additional 
thickness  which  it  gives  to  the  stratum  of  the  red  ground  in  these  places.  The  prin- 
cipal demand  for  the  pure  white  gypsum,  or  that  faintly  streaked  with  red,  is  by  the  pot- 
ters in  Staffordshire,  who  form  their  moulds  with  the  calcined  powder  which  it  affords; 
only  particularly  fine  blocks  are  selected  for  making  alabaster  ornaments  on  the  turning 
lathe.  In  one  of  the  salt  pits  near  Droitwich,  the  strata  sunk  through,  were  vegetable 
mould,  3  feet;  red  marl,  35  feet;  gypsum,  40  feet;  a  river  of  brine,  22  inches;  gypsum, 
75  feet ;  a  rock  of  salt,  bored  into  only  5  feet,  but  probably  extending  much  deeper.  On 
the  Welsh  side  of  the  Bristol  channel,  gypsum  occurs  in  the  red  marl  cliffs  of  Glamorgan- 
shire, from  Pennarth  to  Lavernock.  No  organic  remains  or  metallic  minerals  have  hither- 
to been  found  in  the  gypsum  of  this  formation. 

3.  The  most  interesting  gypsums  in  a  general  point  of  view,  are  certainly  the  tertiary, 
or  those  of  the  plains,  or  hills  of  comparatively  modern  formation.  They  are  characterized 
by  the  presence  of  fossil  bones  of  extinct  animals,  both  mammifera  and  birds,  by  shells, 
and  a  large  proportion  of  carbonate  of  lime,  which  gives  them  the  property  of  effervescing 
wiih  acids,  and  the  title  of  limestone  gypsums.  Such  are  the  gypsums  of  the  environs 
of  Paris,  as  at  the  heights  of  Montmarlre,  which  contain  crystallized  sulphate  of  lime  in 
many  forms,  but  most  commonly  the  lenticular  and  lance-shaped. 

Sulphate  of  lime  occurs  either  as  a  dense  compound  without  water,  and  is  called 
anhydri/e  from  that  circumstance ;  or  with  combined  water,  which  is  its  most  ordinary 
state.  Of  the  latter  there  are  6  sub-species ;  sparry  gypsum  or  selenite  in  a  variety  of 
crystalline  forms;  the  foliated  granular;  ihe  compact;  the  fibrous;  the  scaly  foliated ; 
the  earthy. 

The  prevailing  color  is  white,  with  various  shades  of  gray,  blue,  red,  and  yellow. 
More  or  less  translucent.  Soft,  sectile,  yielding  to  the  nail.  Specific  gravity  2'2. 
Water  dissolves  about  one  five-hundredth  part  of  its  weight  of  gypsum,  and  acquires 
the  quality  of  hardness,  with  the  characteristic  selenitic  taste.  When  exposed  on  red 
hot  coals,  it  decrepitates,  becomes  white,  and  splits  into  a  great  many  brittle  plates.  At 
the  heat  of  a  baker's  oven,  or  about  400°  Fahr.,  the  combined  water  of  gypsum  escapes 
with  a  species  of  ebullition.  At  a  higher  temperature  the  particles  get  indurated.  When 
rightly  calcined  and  pulverized,  gypsum  is  mixed  with  water  to  the  consistence  of  cream, 
and  poured  into  moulds  by  the  manufacturers  of  stucco  ornaments  and  statues.  A 
species  of  rapid  crystallization  ensues,  and  the  thin  paste  soon  acquires  a  solid  consist- 
ence, which  is  increased  by  drying  tho  figure  in  proper  stoves.  During  the  consolidation 
of  the  plaster,  its  volume  expands  into  the  finest  lines  of  the  mould,  so  as  to  give  a  sharp 
and  faithful  impression. 

The  plaster  stone  of  the  Paris  basin  contains  about  12  per  cent,  of  carbonate  of  lime. 
This  body,  ground  and  mixed  with  water,  forms  an  adhesive  mortar  much  used  in 
building,  as  it  fixes  very  speedily.  Works  executed  with  pure  gypsum  never  become  so 
hard  as  those  made  with  the  calcareous  kind;  and  hence  it  might  be  proper  to  add  a 
certain  portion  of  white  slaked  lime  to  our  calcined  gypsum,  in  order  to  give  the  stucco 
this  valuable  property.  Colored  stuccos  of  great  solidity  are  made  by  adding  to  a  clear 
solution  of  glue,  any  desired  coloring  tincture,  and  mixing-in  the  proper  quantity  of  the 
calcined  calcareous  gypsum. 

The  compact,  fine-grained,  gypseous  alabaster  is  often  cut  into  various  ornamental 
figures,  such  as  vases,  statuary  groups,  &c.,  which  take  a  high  polish  and  look  beautiful, 
but  from  their  softness  are  easily  injured,  and  require  to  be  kept  enclosed  within  a  glass 
shade. 

In  America  and  France,  the  virtues  of  gypsum  in  fertilizing  land  have  been  highly  ex- 
tolled, but  they  have  not  been  realized  in  the  trials  made  in  this  kingdom. 

Pure  gypsum  consists  of  lime  28 ;  sulphuric  acid  40 ;  water  18 ;  which  are  the  respec- 
tive weights  of  its  prime  equivalent  parts. 

M.  Gay  Lussac,  in  a  short  notice,  in  the  Annales  de  Chimie  for  April,  1829,  on  the  set- 
ting of  gypsum,  says  that  the  purest  plasters  are  those  which  harden  least,  and  that  the 
addition  of  lime  is  of  no  use  toward  promoting  their  solidity,  nor  can  the  heat  proper  for 
boilins  gypsum  ever  expel  the  carbonic  acid  gas  from  the  calcareous  carbonate  present  in 
the  gypsum  of  Montmartre.  He  conceives  that  a  hard  plaster-stone  having  lost  its 
water,  will  resume  more  solidity  in  returning  to  its  first  state,  than  a  plaster-stone  natu- 
rally tender  or  soft ;  and  that  it  is  the  primitive  molecular  arrangement  which  is  regene- 
rated.   See  Alabaster. 
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HADE  sisnifies,  among  English  miners,  the  inclination,  or  deviation  from  the  vertical 

of  any  mineral  vein. 

HAIR  (Clieveu,  Crin,  Fr. ;  Haar,  Germ.)  is  of  all  animal  products,  the  one  least 
liable  to  spontaneous  change.  It  can  be  dissolved  in  water  only  at  a  temperature  some- 
what above  230°  F.,  in  a  Papin's  digester,  but  it  appears  to  be  partially  decomposed  by 
this  heat,  since  some  sulphureted  hydrogen  is  disengaged.  By  dry  distillation,  hair  gives 
off  several  sulphureted  gases,  while  the  residuum  contains  sulphate  of  lime,  common 
salt,  much  silica,  with  some  oxyde  of  iron  and  manganese.  It  is  a  remarkable  fact  that 
fair  hair  afl'ords  magnesia,  instead  of  these  latter  two  oxydes.  Horse-hair  yields  about  12 
per  cent,  of  phosphate  of  lime. 

Hairs  are  tubular,  their  cavities  being  filled  with  a  fat  oil,  having  the  same  color  with 
themselves.  Hnir  plunsed  in  chlorine  gas,  is  immediately  decomposed  and  converted  into 
a  viscid  mass;  but  when  immersed  in  weak  aqueous  chlorine,  it  undergoes  no  change, 
except  a  little  bleaching.  The  application  of  nitrate  of  mercury  to  hairy  skins  in  the 
process  of  secretage.  is  explained  under  Peltry. 
For  the  dyeing  of  horse-hair,  see  the  next  article. 

Living  hairs  are  rendered  black  by  applying  to  them,  for  a  short  time,  a  paste  made  by 
mixing  litharee,  slaked  lime,  and  bicarbonate  of  potash,  in  various  proportions,  according 
to  the  shade  of  color  desired. 

We  have  no  recent  analysis  of  hair.  Vauquelin  found  nine  different  substances  in  black 
hair;  in  red  hair,  a  red  oil  instead  of  a  greenish-black  one. 

The  salts  of  mercury,  lead,  bismuth,  as  well  as  their  oxydes,  blacken  hair,  or  make  it 
of  a  dark  violet,  by  the  formation,  most  probably,  of  metallic  sulphurels. 

Hair  as  an  object  of  manufactures  is  of  two  kinds,  the  curly  and  the  straight.  The 
former,  which  is  short,  is  spun  into  a  cord,  and  boiled  in  this  state,  to  give  it  tlie  tortuous 
springy  form.  The  lung  straight  hair  is  woven  into  cloth  for  sieves,  and  also  for  orna- 
mental purposes,  as  in  the  damask-hair  cloth  of  chair  bottoms.  For  this  purpose  the  hair 
ma>y  be  dyed  in  the  following  way. 

Forty  pounds  of  tail  hair  about  26  inches  long  are  steeped  in  lime  water  during  twelve 
hours.  Then  a  bath  is  made  with  a  decoction  of  20  pounds  of  logwood,  kept  boiling  for 
three  hours,  after  which  time  the  fire  is  withdrawn  from  the  boiler,  and  ten  ounces  of 
copperas  are  introduced,  stirred  about,  and  the  hair  is  immersed,  having  been  washed  from 
the  lime  in  river  water.  The  hair  should  remain  in  this  cooling  bath  for  24  hours,  when 
the  operation  will  be  finished.     For  other  colors,  see  the  respective  dyes. 

The  looms  for  weaving  liair  differ  from  the  common  ones,  only  in  the  templet  and  the 
shuttle.  Two  templets  of  iron  must  be  used  to  keep  the  stuff  equably,  but  lightly 
stretched.  These  templets,  of  Avhich  one  is  represented  in  fg.  532,  are  constructed  in 
the  shape  of  flat  pincers;  the  jaws  c  c  being  furnished  with  teeth  inside.     A  screw  n, 

binds  the  jaws  together,  and  hinders  the  selvage 
from  going  inwards.  Upon  ihe  side  cross  beam 
of  the  loom,  seen  in  section  at  i,  a  bolt  is  fixed 
which  carries  a  nut  f  at  its  end,  into  which  a 
screwed  iron  rod  e  enters,  on  one  of  whose  ends 
is  the  handle  b.  The  other  extremity  of  the 
screw  E  is  adapted  by  a  washer  and  pin  to  the 
back  of  the  pincers  at  the  point  h,  so  that  by 
turning  the  handle  to  the  right  or  the  left,  we 
draw  onwards  or  push  backwards  the  pincers 
and  the  stuff  at  pleasure.  The  warp  of  the  web  is  made  of  black  linen  yarn.  Tlie  weft 
is  of  hair,  and  it  is  thrown  with  a  long  hooked  shuttle ;  or  a  long  rod,  having  a  catch 
hook  at  its  end.  The  length  of  this  shuttle  is  about  3  feet;  its  breadth  half  an  inch,  and 
its  thickness  one  sixth.  It  is  made  of  box-wood.  The  reed  is  of  polished  steel ;  the 
thread  warps  are  conducted  through  it  in  the  usual  way.  The  workman  passes  this 
shuttle  between  the  hairs  of  the  warp  with  one  hand,  when  the  shed  or  shuttle  way  is 
opened  by  the  treddles ;  a  child  placed  on  one  side  of  the  loom  presents  a  hair  to  the 
weaver  near  the  selvage,  who  catches  it  with  the  hook  of  his  shuttle,  and  by  drawing  it 
out  passes  it  through  the  warp.  The  hairs  are  placed  in  a  bundle  on  the  side  where  the 
child  stands,  in  a  chest  filled  with  water  to  keep  them  moist,  for  otherwise  they  would  not 
have  the  suppleness  requisite  to  form  a  web.  Each  time  that  a  hair  is  thrown  across,  the 
batten  is  driven  home  twice.  The  warp  is  dressed  \yith  paste  in  the  usual  way.  The 
hair  cloth,  after  it  is  woven,  is  hot  calendered  to  give  it  lustre. 
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HAIR  PENCILS  OR  BRUSHES  for  painting.  Two  sorts  are  made  ;  those  with  coarse 
liair,  as  that  of  the  swine,  the  wild  boar,  the  dog,  &c.,  which  are  attached  usually  to  short 
wooden  rods  as  handles  ;  these  are  commonly  called  brushes ;  and  hair  pencils,  properly 
so  called,  which  are  composed  of  very  fine  hairs,  as  of  the  minever,  the  marten,  the 
badger,  the  polecat,  &c.  These  are  mounted  in  a  qnill  when  they  are  small  or  of  mode- 
rate size,  but  when  larger  than  a  quill,  they  are  mounted  in  white-iron  tubes. 

The  most  essential  quality  of  a  good  pencil  is  to  form  a  line  point,  so  that  all  the  hairs 
without  exception  may  be  united  when  they  are  moistened  by  laying  them  upon  the 
tongue,  or  drawing  them  through  the  lips.  When  hairs  present  the  form  of  an  elongated 
cone  in  a  pencil,  their  point  only  can  be  used.  The  whole  difficulty  consists  after  the 
hairs  are  cleansed,  in  arranging  them  together  so  that  ail  their  points  may  lie  in  the  same 
horizontal  plane.  We  must  wash  the  tails  of  the  animals  whose  hairs  are  to  be  used, 
by  scouring  them  in  a  solution  of  alum  till  they  be  quite  free  from  grease,  and  then  steep- 
ing them  for  24  hours  in  luke-warm  water.  We  next  squeeze  out  the  water  by  pressing 
them  strongly  from  the  root  to  the  tip,  in  order  to  lay  the  hairs  as  smooth  as  possible. 
They  are  to  be  dried  with  pressure  in  linen  cloths,  combed  in  the  longitudinal  direction, 
■with  a  very  fine-toothed  comb,  finally  wrapped  up  in  fine  linen,  and  dried.  When  per- 
fectly dry,  the  hairs  are  seized  with  pincers,  cut  across  close  to  the  skin,  and  arranged  in 
separate  heaps,  according  to  their  respective  lengths. 

Each  of  these  little  heaps  is  placed  separately,  one  after  the  other,  in  small  tin  pans 
with  flat  bottoms,  with  the  tips  of  the  hair  upwards.  On  striking  the  bottom  of  the  pan 
slightly  upon  a  table,  the  hairs  get  arranged  parallel  to  each  other,  and  their  delicate 
points  rise  more  or  less  accordmg  to  their  lengths.  The  longer  ones  are  to  be  picked  out 
and  made  into  so  many  separate  parcels,  whereby  each  parcel  may  be  composed  of  equally 
long  hairs.  The  perfection  of  the  pencil  depends  upon  this  equality;  the  tapering  point 
being  produced  simply  by  the  attenuation  of  the  tips. 

A  pinch  of  one  of  these  parcels  is  then  taken,  of  a  thickness  corresponding  to  the  in- 
tended size  of  the  pencil ;  it  is  set  in  a  little  tin  pan,  with  its  tips  undermost,  and  is  shaken 
by  striking  the  pan  on  the  table  as  before.  The  root  end  of  the  hairs  being  tied  by  the 
fisherman's  or  seaman's  knot,  with  a  fine  thread,  it  is  taken  out  of  the  pan,  and  then 
hooped  with  stronger  thread  or  twine ;  the  knots  being  drawn  very  tight  by  means  of  two 
little  sticks.  The  distance  from  the  tips  at  which  these  ligatures  are  placed,  is  of  course 
relative  to  the  nature  of  the  hair,  and  the  desired  length  of  the  pencil.  The  base  of  the 
pencil  must  be  trimmed  flat  with  a  pair  of  scissors. 

Nothing  now  remains  to  be  done  but  to  mount  the  pencils  in  quill  or  tin-jilate  tubes  as 
above  described.  The  quills  are  those  of  swans,  geese,  ducks,  lapwings,  pigeons,  or  larks, 
according  to  the  size  of  the  pencil.  They  are  steeped  during  24  hours  in  water,  to  swell 
and  soften  them,  and  to  prevent  the  chance  of  their  splitting  when  the  hair  brush  is  pressed 
into  them.  The  brush  of  hair  is  introduced  by  its  tips  info  the  large  end  of  the  cut  quill, 
having  previously  drawn  them  to  a  point  with  the  lips,  when  it  is  pushed  forwards  with 
a  wire  of  the  same  diameter,  till  it  comes  out  at  the  other  and  narrower  end  of  the  quill. 

The  smaller  the  pencils,  the  finer  ought  the  hairs  to  be.  In  this  respect,  the  manufacture 
requires  much  delicacy  of  tact  and  experience.  It  is  said  that  there  are  only  four  first-rate 
hands  among  all  the  dexterous  pencil-makers  of  Paris,  and  that  these  are  principally  women. 

HALOGENE  is  a  term  employed  by  Berzelius  to  designate  those  substances  which 
form  compounds  of  a  saline  nature,  by  their  union  with  metals;  such  &re  Bromine, 
Chlorine,  Cyanogene,  Fluorine,  Iodine.     Haloid  is  his  name  of  the  salt  thereby  formed. 

HANDSPIKE  is  a  strong  wooden  bar,  used  as  a  lever  to  move  the  windlass  and  cap- 
stan in  heaving  up  the  anchor,  or  raising  any  heavy  weights  on  board  a  ship.  The 
handle  is  smooth,  round,  and  somewhat  taper;  the  other  end  is  squared  to  fit  the  holes  ia 
the  head  of  the  capstan  or  barrel  of  the  windlass. 

HARDNESS  (Durefe,  Fr. ;  Harte,  Fes/igkeil,  Germ.)  is  that  modification  of  cohesive 
attraction  which  enables  bodies  to  resist  any  eflfort  made  to  abrade  their  surfaces.  Its  rel- 
ative intensity  is  measured  by  the  power  they  possess  of  cutting  or  scratching  other  sub- 
stances. The  following  table  exhibits  pretty  nearly  the  successive  hardnesses  of  the 
several  bodies  in  the  list : — 
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Substances. 

Hardness. 

Specific  Gra\nty. 

Diamond  from  Ormus     .            -            .            - 

20 

3-7 

Pink  diamond            .             -             .             . 

19 

3-4 

Bluish  diamond                 .... 

19 

3-3 

Yellowish  diamond  -            -            -            - 

19 

3-3 

Cubic  diamond    -            -            -            -            - 

18 

3-2 

Ruby            ..... 

17 

4-2 

Pale  ruby  from  Brazil     .            -            -            - 

16 

3-.') 

Deep  blue  sapphire  -             -            -            - 

16 

3-8 

Ditto,  paler         ..... 

17 

3-8 

Topaz           .            .            -             .            - 

15 

4-2 

Whitish  topaz     .            .            .            -            - 

14 

3-5 

Ruby  spinell            .            .            .            - 

13 

34 

Bohemian  topaz  -            .            -            -            - 

11 

2-8 

Emerald       -            .            -            -            . 

12 

2-8 

Garnet    ------ 

12 

4-4 

Agate           -            -            -            .            . 

12 

2-6 

Onyx      -.---- 

12 

2-6 

Sardonyx      -            -            -            -            - 

12 

2-6 

Occidental  amethyst       .            -            -            . 

11 

2-7 

Crystal         .            .            .            .            - 

11 

2-6 

Cornelian            -            -            -            -            - 

11 

2-7 

Green  jasper             - 

11 

2-7 

Reddish  yellow  do.          -            -            -            - 

9 

2-6 

Schoerl         .             .             -             -             - 

10 

3-6 

Tourmaline         -            .            -            -            - 

10 

3-0 

Quartz          .             .             -             .             - 

10 

2-7 

Opal       .-...- 

10 

2-6           1 

Chrysolite    -             -             -             -             - 

10 

3-7 

Zeolite   ------ 

8 

2-1 

Fluor            -            -            -            .            . 

7 

3-5 

Calcareous  spar              -            -            -            - 

6 

2-7 

Gvpsum       .            .            .            -            - 

5 

2-3 

Ciialk 

3 

2-7           1 

HARTSHORN,  SPIRIT  OF,  is  the  old  name  for  water  of  ammonia. 

HATCHING  OF  CHICKENS.     See  Incubation,  Aktificial. 

HAT  MANUFACTURE.  {Uarl  de  Chapelier,  Fr. ;  Hutmacherkunsf,  Germ.)  Hat 
is  the  name  of  a  piece  of  dress  worn  upon  the  head  by  both  sexes,  but  principally  by  the 
men,  and  seems  to  have  been  first  introduced  as  a  distinction  among  the  ecclesiastics  in 
the  12th  century,  though  it  was  not  till  the  year  1400  that  it  was  generally  adopted  by 
respectable  laymen. 

As  the  art  of  making  common  hats  does  not  involve  the  description  of  any  curious  ma- 
chinery, or  any  interesting  processes,  we  shall  not  enter  into  very  minute  details  upon 
the  subject.  It  will  be  sufficient  to  convey  to  the  reader  a  general  idea  of  the  methods 
employed  in  this  manufacture. 

The  materials  used  in  making  stuff  hats  are  the  furs  of  hares  and  rabbits  freed  from 
the  long  hair,  together  with  wool  and  beaver.  The  beaver  is  reserved  for  the  finer  hats. 
The  fur  is  first  laid  upon  a  hurdle  made  of  wood  or  wire,  with  longitudinal  openings; 
and  the  operator,  by  means  of  an  instrument  called  the  bow  (which  is  a  piece  of  elastic 
ash,  six  01-  seven  feet  Ion?,  with  a  catgut  stretched  between  its  two  extremities,  and  made 
to  vibrate  by  a  bowstick),  causes  the  vibrating  string  to  strike  and  play  upon  the  fur,  so 
as  to  scatter  the  fibres  in  all  directions,  while  the  dust  and  filth  descend  through  the  grids 
of  the  hurdle. 

After  the  fur  is  thus  driven  by  the  bow  from  the  one  end  of  the  hurdle  to  the  other,  it 
forms  a  mass  called  a  bat,  which  is  only  half  the  quantity  sufficient  for  a  hat.  The 
bat  or  capude  thus  formed  is  rendered  compact  by  pressing  it  down  with  the  hardening 
skin  (a  piece  of  half-tanned  leather),  and  the  union  of  the  fibres  is  increased  by  covering 
them  with  a  cloth,  while  the  workman  presses  them  together  repeatedly  with  his  hands. 
The  cloth  being  taken  otf,  a  piece  of  paper,  with  its  corners  doubled  in,  so  as  to  give  it 
a  triangular  outline,  is  laid  above  the  bat.  The  opposite  edges  of  the  bat  are  then  folded 
over  the  paper,  and  being  brought  together  and  pressed  again  with  the  hands,  they  form 
a  conical  cap.     This  cap  is  next  laid  upon  another  bat,  ready  hardened,  so  that  the  joined 
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edges  of  the  first  bat  rest  upon  the  new  one.  This  new  bat  is  folded  over  the  other,  and 
its  edges  joined  by  pressure  as  before ;  so  that  the  joining  of  the  first  conical  cap  is 
opposite  to  that  of  the  second.  This  compound  bat  is  now  wrought  with  the  hands  for  a 
considerable  time  upon  the  hurdle  between  folds  of  linen  cloth,  being  occasionally  sprinkled 
with  clear  water,  till  the  hat  is  basined  or  rendered  tolerably  firm. 

The  cap  is  now  taken  to  a  wooden  receiver,  like  a  very  flat  mill-hopper,  consisting  of 
eight  wooden  planes,  sloping  gently  to  the  centre,  which  contains  a  kettle  filled  with 

water  acidulated  with  sulphuric  acid.  The 
technical  name  of  this  vessel  is  the  battery.  It 
consists  of  a  kettle  a;  and  of  the  planks,  b  c, 
which  are  sloping  planes,  usually  eight  in  num- 
ber, one  being  allotted  to  each  workman.  The 
half  of  each  plank  next  the  kettle  is  made  of 
lead,  the  upper  half  of  mahogany.  In  this  liquor 
the  hat  is  occasionally  dipped,  and  wrought  by 
the  hands,  or  sometimes  with  a  roller,  upon  the 
sloping  planks.  It  is  thus  fulled  or  thickened 
during  four  or  five  hours ;  the  knots  or  hard  sub- 
stances are  picked  out  by  the  workman,  and  fresh 
felt  is  added  by  means  of  a  wet  brush  to  those 
parts  that  require  it.  The  beaver  is  applied  at 
the  end  of  this  operation.  In  the  manufacture 
of  beaver  hats,  the  grounds  of  beer  are  added  to 
the  liquor  in  the  kettle. 
Stopping,  or  thickening  the  thin  spots,  seen  by  looking  through  the  body,  is  performed 
by  daubing  on  additional  stuff  with  successive  applications  of  the  hot  acidulous  liquor 
from  a  brush  dipped  into  the  kettle,  until  the  body  be  sufficiently  shrunk  and  made 
uniform.  After  drying,  it  is  stiffened  with  varnish  composition  rubbed  in  with  a  brush; 
the  inside  surface  being  more  copiously  imbued  with  it  than  the  outer;  while  the  brim  is 
peculiarly  charged  with  the  stiffening. 

When  once  more  dried,  the  body  is  ready  to  be  covered,  which  is  done  at  the  battery. 
The  first  cover  of  beaver  or  napping,  which  has  been  previously  boived,  is  strewed  equably 
over  the  body,  and  patted  on  with  a  brush  moistened  with  the  hot  liquor,  until  it  gets  in- 
corporated;  the  cut  ends  towards  the  root,  being  the  points  which  spontaneously  intrude. 
The  body  is  now  put  into  a  coarse  hair  cloth,  then  dipped  and  rolled  in  the  hot  liquor, 
until  the  root  ends  of  the  beaver  are  thoroiighly  worked  in.  This  is  technically  called 
rolling  off,  or  roughing.  A  strip  for  the  brim,  round  the  edge  of  the  inside,  is  treated  in 
the  same  way ;  whereby  every  thing  is  resTdy  for  the  second  cover  (of  beaver),  which  is 
incorporated  in  like  manner;  the  roiling,  &c.  being  continued,  till  a  uniform,  close,  and 
well-felted  hood  is  formed. 

The  hat  is  now  ready  to  receive  its  proper  shape.  For  this  purpose  the  workman  turns 
up  the  edge  or  brim  to  the  depth  of  about  I5  inch,  and  then  returns  the  point  of  the  cone 
back  again  through  the  axis  of  the  cap,  so  as  to  produce  another  inner  fold  of  the  same 
depth.  A  third  fold  is  produced  by  returning  the  point  of  the  cone,  and  so  on  till  the 
point  resembles  a  flat  circular  piece  having  a  number  of  concentric  folds.  In  this  state 
it  is  laid  upon  the  plank,  and  wetted  with  the  liquor.  The  workman  pulls  out  the  point 
with  his  fingers,  and  presses  it  down  with  his  hand,  turning  it  at  the  same  time  round  on 
its  centre  upon  the  plank,  till  a  fiat  portion,  equal  to  the  crown  of  the  hat,  is  rubbed  out. 
This  flat  crown  is  now  placed  upon  a  block,  and,  by  pressing  a  string  called  a  commander, 
down  the  sides  of  the  block,  he  forces  the  parts  adjacent  to  the  crown,  to  assume  a  cylin- 
drical figure.  The  brim  now  appears  like  a  puckered  appendage  round  the  cylindrical 
cone ;  but  the  proper  figure  is  next  given  to  it,  by  working  and  rubbing  it.  The  body  is 
rendered  waterproof  and  stiff  by  being  imbued  with  a  varnish  composed  of  shellac, 
sandarach,  mastic,  and  other  resins  dissolved  in  alcohol  or  naptha. 

The  hat  being  dried,  its  nap  is  raised  or  loosened  with  a  wire  brush  or  card,  and  some- 
times it  is  previously  pounced  or  rubbed  with  pumice,  to  take  off  the  coarser  parts,  and 
afterwards  rubbed  over  with  seal-skin.  The  hat  is  now  tied  with  pack-thread  upon  its 
block,  and  is  afterwards  dyed.     See  Hat-dyeing,  infra. 

The  dyed  hats  are  now  removed  to  the  stiffening  shop.  Beer  grounds  are  next  applied 
on  the  inside  of  the  crown,  for  the  purpose  of  preventing  the  glue  from  coming  through ; 
and  when  the  beer  grounds  are  dried,  glue  (gum  Senegal  is  sometimes  used)  a  little 
thinner  than  that  used  by  carpenters,  is  laid  with  a  brush  on  the  inside  of  the  crown,  and 
the  lower  surface  of  the  brim. 

The  bat  is  then  softened  by  exposure  to  steam,  on  the  steaming  basin,  and  is  brushed 
and  ironed  till  it  receives  the  proper  gloss.  It  is  lastly  cut  round  at  the  brim  by  a  knife 
fixed  at  the  end  of  a  gauge,  which  rests  against  the  crown.    The  brim,  however,  is  not 
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cut  entirely  through,  but  is  torn  off  so  as  to  leave  an  edging  of  beaver  round  the  external 
rim  of  the  hat.  The  crown  being  tied  up  in  a  gauze  paper,  which  is  neatly  ironed 
down,  is  then  ready  for  the  last  operations  of  lining  and  binding. 

The  furs  and  wools  of  which  hats  are  manufactured  contain,  in  their  early  stage  of  prep- 
aration, hemps  and  hairs,  which  must  be  removed  in  order  to  produce  a  material  for  the 
better  description  of  hats.  This  separation  is  effected  by  a  sort  of  winnowing  machine, 
which  wafts  away  the  finer  and  lighter  parts  of  the  furs  and  wools  from  the  coarser. 
Messrs.  Parker  and  Harris  obtained  a  patent  in  1822  for  the  invention  and  use  of  such 
an  apparatus,  whose  structure  and  functions  may  be  perfectly  understood,  from  its  analogy 
to  the  blowing  and  scutching  machine  of  the  cotton  manufacture;  to  which  I  therefore 
refer  my  readers. 

I  shall  now  proceed  to  describe  some  of  the  recent  improvements  proposed  in  the  man- 
ufacture of  hats,  but  their  introduction  is  scarcely  possible,  on  account  of  the  perfectly 
organized  combination  which  exists  among  journeyman  hatters  throughout  the  kingdom, 
by  which  the  masters  are  held  in  a  state  of  complete  servitude,  having  no  power  to  take  a 
single  apprentice  into  their  works  beyond  the  number  specified  by  the  Union,  nor  any  sort 
of  machine  which  is  likely  to  supersede  hand  labor  in  any  remarkable  degree.  Hence 
the  hat  trade  is,  generally  speaking,  unproductive  to  the  capitalist,  and  incapable  of  re- 
ceiving any  considerable  development.  The  public  of  a  free  country  like  this,  ought  to 
counteract  this  disgraceful  state  of  things,  by  renouncing  the  wear  of  stuff  hats,  a  branch 
of  the  business  entirely  under  the  control  of  this  despotic  Union,  and  betake  themselves 
to  the  use  of  silk  hats,  which,  from  recent  improvements  in  their  fabric  and  dyeing,  are 
not  a  whit  inferior  to  the  beaver  hats,  in.  comfort,  appearance,  or  durability,  while  they 
may  be  had  of  the  best  quality  for  one  fourth  part  of  their  price. 

The  annexed  figures  represent  Mr.  Ollerenshaw's  machine,  now  generally  employed 
or  ironing  hats.      Fig.  534  is  the  frame-work  or  standard  upon  which  three  of  these 


lathes  are  mounted,  as  a,  b,  c.  The  lathe  a  is  intended  to  be  employed  when  the 
crown  of  the  hat  is  to  be  ironed.  The  lathe  b,  when  the  flat  top,  and  the  upper  side  of 
the  brim  is  ironed,  and  lathe  c,  when  its  under  side  is  ironed ;  motion  being  given  to  the 
whole  by  means  of  a  band  passing  from  any  first  mover  (as  a  steam-engine,  water-wheel, 
&c.)  to  the  drum  on  the  main  shaft  a  a.  From  this  drum  a  strap  passes  over  the  rigger 
bjWhich  actuates  the  axle  of  the  lathe  a.  On  to  this  lathe  a  sort  of  chuck  is  screwed,  and 
to  the  chuck  the  block  c  is  made  fast  by  screws,  bolts,  or  pins.  This  block  is  represent- 
ed in  section,  in  order  to  show  the  manner  in  which  it  is  made,  of  several  pieces  held 
fast  by  the  centre  wedge-piece,  as  seen  at  fig.  535. 

The  hat-block  being  made  to  turn  round  with  the  chuck,  at  the  rate  of  about  twenty 
turns  per  minute,  but  in  the  opposite  direction  to  the  revolution  of  an  ordinary  turning 
lathe,  the  workman  applies  his  hot  iron  to  the  surface  of  the  hat,  and  thereby  smooths 
it,  giving  a  beautiful  glossy  appearance  to  the  beaver;  he  then  applies  a  plush  cushion, 
and  rubs  round  the  surface  of  the  hat  while  it  is  still  revolving.  The  hat,  with  its 
block,  is  now  removed  to  the  lathe  b,  where  it  is  placed  upon  the  chuck  d,  and  made  to 
turn  in  a  horizontal  direction,  at  the  rate  of  about  twenty  revolutions  per  minute,  for 
the  purpose  of  ironing  the  flat-top  of  the  crown.  This  lathe  b  moves  upon  an  upright 
shaft  e,  and  is  actuated  by  a  twisted  band  passing  from  the  main  shaft,  round  the 
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rigger/.  In  order  to  iron  the  upper  surface  of  the  brim,  the  block  c  is  removed  from 
the  lathe,  and  taken  out  of  the  hat,  when  the  block  fig.  536,  is  mounted  upon  the  chuck 
d,  and  made  to  turn  under  the  hand  of  the  workman,  as  before. 

The  hat  is  now  to  be  removed  to  the  lathe  c,  where  it  is  introduced  in  an  inverted 
position,  between  the  arms  g  g  supporting  the  rim  h  h,  the  top  surface  of  which  is 
shown  at  fig.  537.  The  spindle  i  of  the  lathe  turns  by  similar  means  to  the  last,  but 
slower;  onl}' ten  turns  per  minute  will  be  sufficient.  The  workman  now  smooths  the 
under  side  of  the  brim,  by  drawing  the  iron  across  it,  that  is,  from  the  centre  outwards. 
The  hat  is  then  carefully  examined,  and  all  the  burs  and  coarse  hairs  picked  out,  after 
which  the  smoothing  process  is  performed  as  before,  and  the  dressing  of  the  hat  is  com- 
plete. 

Messrs.  Gillman  and  Wilson,  of  Manchester,  obtained  a  patent  in  1S23,  for  a  peculiar 
kind  of  fabric  to  be  made  of  cotton,  or  a  mixture  of  cotton  and  silk,  for  the  covering  of 
hats  and  bonnets,  in  imitation  of  beaver.  The  foundation  of  the  hat  may  be  of  felt,  hemp, 
wool,  which  is  to  be  covered  by  the  patent  fabric.  This  debased  article  does  not  seem  to 
have  got  into  use ;  cotton,  from  its  want  of  the  felting  property  and  inelasticity,  being 
very  ill-adapted  for  making  hat-stufl". 

A  more  ingenious  invention  of  John  Gibson,  hatter,  in  Glasgow,  consisting  of  an  elastic 
fabric  of  whalebone,  was  made  the  subject  of  a  patent,  in  June,  1824.  The  whalebone, 
being  separated  into  threads  no  larger  than  hay  stalks,  is  to  be  boiled  in  some  alkaline 
liquid  for  removing  the  oil  from  it,  and  rendering  it  more  elastic.  The  longest  threads 
are  to  be  employed  for  warp,  the  shorter  for  weft ;  and  are  to  be  woven  in  a  hair-cloth 
loom.  This  fabric  is  to  be  passed  between  rollers,  after  which  it  is  fit  to  be  cut  out  into 
forms  for  making  hats  and  bonnets,  to  be  sewed  together  at  the  joints,  and  stiflened  with 
a  preparation  of  resinous  varnishes,  to  prevent  its  being  acted  upon  by  perspiration  or 
rain.  A  very  considerable  improvement  in  the  lightness  and  elasticity  of  silk  hats  has 
been  the  result  of  this  invention. 

The  foundation  of  men's  hats,  upon  whose  outside  the  beaver,  down,  or  other  fine  fur 
is  laid  to  produce  a  nap,  is,  as  I  have  described,  usually  made  of  wool  felted  together 
by  hand,  and  formed  first  into  conical  caps,  which  are  afterwards  stretched  and  moulded 
upon  blocks  to  the  desired  shape.  Mr.  Borradaile,  of  Bucklersbury,  obtained  a  patent 
in  November,  1825,  for  a  machine,  invented  by  a  foreigner,  for  setting  up  hat  bodies, 
which  seems  to  be  ingeniously  contrived;  but  I  shall  decline  describing  it,  as  it  has 
probably  not  been  suffered  by  the  Union  to  come  into  practical  operation,  and  as  I  shall 
presently  give  the  details  of  another  later  invention  for  the  same  purpose. 

Silk  hats,  for  several  years  after  they  were  manufactured,  were  liable  to  two  objec- 
tions ;  first,  the  body  or  shell  over  which  the  silk  covering  is  laid,  was,  from  its  hardness, 
apt  to  hurt  the  head ;  second,  the  edge  of  the  crown  being  much  exposed  to  blows,  the 
silk  nap  soon  got  abraded,  so  as  to  lay  bare  the  cotton  foundation,  which  is  not  capable 
of  taking  so  fine  a  black  dye  as  the  silk  ;  whence  the  hat  assumed  a  shabby  appearance. 
Messrs.  Mayhew  and  White  of  London,  hat-manufacturers,  proposed  in  their  patent  of 
February,  1826,  to  remedy  these  defects,  by  making  the  hat  body  of  stuff  or  wool,  and 
relieving  the  stiffness  of  the  inner  part  round  the  biim,  by  attaching  a  coating  of  beavei 
upon  the  under  side  of  the  brim,  so  as  to  render  the  hat  pliable.  Round  the  edge  of 
the  tip  or  crown,  a  quantity  of  wliat  is  called  stop  wool  is  to  be  attached  by  the  ordinary 
operation  of  bowing,  which  will  render  the  edge  soft  and  elastic.  The  hat  is  to  be  after- 
wards dyed  of  a  good  black  color,  both  outside  and  inside ;  and  being  then  properly  stiff- 
ened and  blocked,  is  ready  for  the  covering  of  silk. 

The  plush  employed  for  covering  silk  hats,  is  a  raised  nap  or  pile  woven  usually  upon 
a  cotton  foundation  ;  and  the  cotton,  being  incapable  of  receiving  the  same  brilliant 
black  dye  as  the  silk,  renders  the  hat  apt  to  turn  brown  whenever  the  silk  nap  is  partially 
worn  off.  The  patentees  proposed  to  counteract  this  evil,  by  making  the  foundation  of 
the  plush  entirely  of  silk.  To  these  two  improvements,  now  pretty  generally  introduced, 
the  present  excellence  of  the  silk  hats  may  be,  in  a  good  measure,  ascribed. 

The  apparatus  above  alluded  to,  for  making  the  foundations  of  hats  by  the  aid  of  me- 
chanism, was  rendered  the  subject  of  a  patent,  by  Mr.  Williams,  in  September,  1826  ;  but 
I  fear  it  has  never  obtained  a  footing,  nor  even  a  fair  trial  in  our  manufactures,  on  ac- 
count of  the  hostility  of  the  operatives  to  all  labor-saving  machines. 

Fig.  538  is  a  side  view  of  the  carding  engine,  with  a  horizontal  or  plan  view  of  the 
lower  part  of  the  carding  machine,  showing  the  operative  parts  of  the  winding  apparatus, 
as  connected  to  the  carding  engine.  The  doffer  cylinder  is  covered  with  fillets  of 
wire  cards,  such  as  are  usually  employed  in  carding  engines,  and  these  fillets  are 
divided  into  two,  three,  or  more  spaces  extending  round  the  periphery  of  the  cylinder, 
the  object  of  which  division  is  to  separate  the  sliver  into  two,  three,  or  more  breadths, 
which  are  to  be  conducted  to,  and  wound  upon  distinct  blocks,  for  making  so  many  sep- 
arate hats  or  caps. 
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The  principal  cylinder  ot  the  carding  engine  is  made  to  revolve  by  a  rigger  upon  its 
axle,  actuated  by  a  band  from  any  first  mover  as  usual,  and  the  subordinate  rollers  or 


cylinders  belonging  to  the  carding  engine,  are  all  turned  by  pulleys,  and  bands,  and  gear, 
as  in  the  ordinary  construction. 

The  wool  or  other  material  is  supplied  to  the  feeding  cloth,  and  carried  through 
the  engine  to  the  doffer  cylinder,  as  in  other  carding  engines ;  the  doli'er  comb  is 
actuated  by  a  revolving  crank  in  the  common  way,  and  by  means  of  it  the  slivers  are 
taken  from  the  dofier  cylinder,  and  thence  received  on  to  the  surfaces  of  the  blocks  e  e. 
These  blocks,  of  which  two  only  are  shown  to  prevent  confusion,  are  mounted  upon 
axles,  supported  by  suitable  bearings  in  a  carriage//,  and  are  made  to  revolve  by  means 
of  a  band  g  g,  leading  from  a  pulley  on  the  axle  of  a  conical  drum  beneath.  The  band  g 
passes  over  a  pulley  h,  affixed  to  the  axle  of  one  of  the  blocks,  while  another  pulley  i, 
upon  the  same  axle,  gives  motion,  by  means  of  a  band,  to  as  many  other  blocks  as  are 
adapted  to  the  machine. 

As  it  is  necessary,  in  winding  the  slivers  on  to  the  blocks,  to  cross  them  in  different 
directions,  and  also  to  pass  the  sliver  over  the  hemispherical  ends  of  the  blocks,  in 
order  that  the  wool  or  other  material  may  be  uniformly  spread  over  the  surface  in 
forming  the  cap  or  hood  for  the  shell  or  foundation  of  the  intended  hat,  the  carriage  / 
with  the  blocks,  is  made  to  traverse  to  and  fro  in  lateral  directions  upon  rollers  at  each 
end. 

This  alternating  motion  of  the  carriage  is  caused  by  a  horizontal  lever  1 1  (seen  in 
the  horizontal  view  fig.  538),  moving  upon'a  fulcrum  pin  at  m,  which  lever  is  attached 
to  the  carriage  at  one  extremity  n,  and  at  the  other  end  has  a  weighted  cord  which 
draws  the  side  of  this  lever  against  a  cam  wheel  o.  This  cam  is  made  to  revolve  by 
means  of  a  band  and  pulley,  which  turns  the  shaft  and  endless  screw  q,  and  this 
endless  screw  taking  into  a  toothed  wheel  r,  on  the  axle  of  the  cam  o,  causes  the  cam 
to  revolve,  the  periphery  of  which  cam  running  against  a  friction  roller  on  the  side  of 
the  lever  /,  causes  the  lever  to  vibrate,  and  the  carriage  //  attached  to  it,  to  traverse  to 
and  fro  upon  the  supporting  rollers,  as  described.  By  these  means  the  slivers  are 
laid  in  oblique  directions  (varying  as  the  carriage  traverses),  over  the  surface  of  the 
blocks. 

The  blocks  being  conically  formed,  or  of  other  irregular  figures,  it  is  necessary,  in 
order  to  wind  the  slivers  with  uniform  tension,  to  vary  their  speed  according  to  the 
diameter  of  that  part  of  the  block  which  is  receiving  the  sliver.  This  is  efiected  by 
giving  dififerent  velocities  to  the  pulley  on  the  axle  of  the  conical  drum  s,  corresponding 
with  e.     There  is  a  similar  conical  drum  t,  placed  in  a  reverse  position  in  the  lower 
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part  of  the  frame,  which  is  actuated  by  a  band  from  any  convenient  part  of  the  machine 
passing  over  a  pulley  u,  upon  the  axle  of  t.  From  the  drum  t,  to  the  drum  s,  there  is  a 
band  v,  which  is  made  to  slide  along  the  drums  by  the  guidance  of  two  rollers  at  the  end 
of  the  lever  I. 

It  will  now  be  seen  that  when  the  larger  diameter  of  the  cam  wheel  o  forces  the  lever 
outwards,  the  band  v  will  be  guided  on  to  the  smaller  part  of  the  conical  drum  t  and  the 
larger  part  of  s,  consequently  the  drum  s  will  at  this  time  receive  its  slowest  motion,  and 
the  band  g  will  turn  the  blocks  slower  also;  the  reverse  end  of  the  lever  I  having,  by  the 
same  movement,  slidden  the  carriage  into  that  position  which  causes  the  slivers  to  wind 
upon  the  larger  diameter  of  the  blocks. 

When  the  smaller  diameter  of  the  cam  is  acting  against  the  side  of  the  lever,  the 
weighted  cord  draws  the  end  of  the  lever  to  the  opposite  side,  and  the  band  v  will  be 
guided  on  to  the  larger  part  of  the  cord  t,  and  the  smaller  part  of  the  cone  s  ;  consequently, 
the  quicker  movement  of  the  band  g  will  now  cause  the  blocks  e  e  to  revolve  with  a  cor- 
responding speed.  The  carriage/"  will  also  be  moved  upon  its  rollers,  to  the  reverse  side, 
and  the  sliver  of  wool  or  other  material  be  now  wound  upon  the  smaller  parts  and  ends 
of  the  blocks,  at  which  time  the  quicker  rotation  of  the  blocks  is  required.  It  may  be 
here  observed,  that  the  cam  wheel  o  should  be  differently  formed  according  to  the  differ- 
ent shaped  blocks  employed,  so  as  to  produce  the  requisite  movements  of  the  lever  and 
carriage  suited  thereto. 

It  only  remains  to  state,  that  there  are  two  heavy  conical  rollers  w  w,  bearing  upon 
the  peripheries  of  the  blocks  e  e,  which  turn  loosely  upon  their  axles  by  the  friction 
of  contact,  for  the  purpose  of  pressing  the  slivers  of  wool  or  other  material  on  the 
blocks  as  it  comes  from  the  doffer  cylinder  of  the  carding  engine,  and  when  the  blocks 
have  been  coated  with  a  sufficient  quantity  of  the  sliver,  the  smaller  end  of  the  pressing 
rollers  is  to  be  raised,  while  the  cap  is  withdrawn  from  the  block.  The  process  being 
continued  as  before,  the  formation  of  other  bodies  or  caps  is  effected  in  the  manner  above 
described. 

After  the  caps  or  bodies  of  hats,  &c.  are  formed  in  the  above  described  machine,  they 
are  folded  in  wet  cloths,  and  placed  upon  heated  plates,  where  they  are  rolled  under 
pressure,  for  the  purpose  of  being  hardened.  Fig.  539  represents  the  front  of  three 
furnaces  a  a  a,  the  tops  of  which  are  covered  with  iron  plates  b  b  b.  Upon  these  plates, 
which  are  heated  by  the  furnace  below,  or  by  steam,  the  bodies  wrapped  in  the  wet 
cloths  c  c  c,  are  placed,  and  pressed  upon  by  the  flaps  or  covers  d  d  d,  sliding  upon 
guide  rods,  to  which  flaps  a  traversing  motion  is  given,  by  means  of  chains  attached  to 
an  alternating  bar  e  e.  This  bar  is  moved  by  a  rotatory  crank  /,  which  has  its  motion 
by  pulleys  from  any  actuating  power.  When  any  one  of  the  flaps  is  turned  up  to 
remove  the  bodies  from  beneath,  the  chains  hang  loosely,  and  the  flap  remains 
stationary. 

These  caps  or  hat  bodies,  after  having  been  hardened  in  the  manner  above  described, 
may  be  felted  in  the  usual  way  by  hand,  or  they  are  felted  in  a  fulling  mill,  by  the  usual 
process  employed  for  milling  cloths,  except  that  the  hat  bodies  are  occasionally  taken  out 
of  the  fulling  mill,  and  passed  between  rollers,  for  the  purpose  of  rendering  the  felt  more 
perfect. 

540  543  Mr.    Carey,   of  Basford,    ob- 

tained a  patent  in  October,  1834, 
for  an  invention  of  certain  ma- 
chinery to  be  employed  in  the 
manufacture  of  hats,  which  is 
ingenious,  and  seems  to  be  worthy 
of  notice  in  this  place.  It  con- 
sists in  the  adaptation  of  a  sys- 
tem of  rollers,  forming  a  machine, 
by  means  of  which  the  operation 
of  roughing  or  plaiting  of  hats 
may  be  performed;  that  is,  the 
beaver  or  other  fur  may  be  made 
to  attach  itself,  and  work  into 
the  felt  or  hat  body,  without  the 
necessity  of  the  ordinary  manual 
operations. 
The  accompanying  drawings  represent  the  machine  in  several  views,  for  the  purpose 
af  showing  the  construction  of  all  its  parts.  Fig.  540  is  a  front  elevation  of  the  machine  ; 
fig.  541  is  a  side  elevation  of  the  same;  fig.  542  is  a  longitudinal  section  of  the  ma- 
chine ;  and  fig.  543  is  a  transverse  section  ;  the  similar  letters  indicating  the  same  parts 
in  all  the  figures. 
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Upon  a  brick  or  other  suitable  base,  a  furnace  or  fire-place  a,  is  made,  having  a  descend- 
ing flue  b,  for  the  purpose  of  carry- 
ing away  the  smoke.  A  pan  or 
shallow  vessel  c  c,  formed  of  lead, 
is  placed  over  the  furnace ;  which 
vessel  is  intended  to  contain  a  sour 
liquor,  as  a  solution  of  vitriolic  acid 
and  water.  On  the  edge  of  this 
pan  is  erected  a  wooden  casing 
d  d  d,  which  encloses  three  sides, 
leaving  the  fourth  open  for  the 
purpose  of  obtaining  access  to  the 
working  apparatus  within.  _A  series 
of  what  may  be  termed  lantern 
rollers,  e  c  e,  is  mounted  on  axles 
turning  in  the  side  casings ;  and 
another  series  of  similar  lantern 
rollers,  /  f  f,  is  in  like  manner 
mounted  above.  These  lantern 
rollers  are  made  to  revolve  by  means 
of  bevel  pinions,  fixed  on  the  ends 
of  their  axles,  which  are  turned 
by  similar  bevel  wheels  on  the  lat- 
eral shafts  g  and  h,  driven  by  a 
winch  i,  and  eear,  as  shown  in 
figs.  540  and  541. 

Having  prepared  the  bodies  of 
the  hats,  and  laid  upon  their  sur- 
faces the  usual  coalings  of  beaver, 
or  other  fur,  when  so  prepared  they 
are  to  be  placed  between  liair  cloths, 
and  these  hair  cloths  folded  within 
a  canvass  or  other  suitable  wrapper.  Three  or  more  hats  being  thus  enclosed  in  each 
wrapper,  the  packages  are  severally  put  into  bags  or  pockets  in  an  endless  band  of  sack- 
cloth, or  other  suitable  material ;  which  endless  band  is  extended  over  the  lantern  rollers 
in  the  machine. 

In  the  first  instance,  for  the  purpose  of  merely  attaching  the  furs  to  the  felts  (which  is 
called  slicking,  when  performed  by  hand),  Mr.  Carey  prefers  to  pass  the  endless  band  k  k  k, 
with  the  covered  hat  bodies,  over  the  upper  series  f  f  f,  of  the  lantern  rollers,  in  order 
to  avoid  the  inconvenience  of  disturbing  the  fur,  which  might  occur  from  subjecting  them 
to  immersion  in  the  solution  contained  in  the  pan,  before  the  fur  had  become  attached  to 
the  bodies. 

After  this  operation  of  slicking  has  been  effected,  he  distends  the  endless  band  k  kk, 
over  the  lower  series  of  lantern  rollers  e  e  e,  and  round  a  carrier  roller  I,  as  shown  in  fig 
542  ;  and  having  withdrawn  the  hat  bodies  for  the  purpose  of  examining  them,  and  chang- 
ing their  folds,  he  packs  them  again  in  a  similar  way  in  flannel,  or  other  suitable  cloths, 
and  introduces  them  into  the  pockets  or  bags  of  the  endless  bands,  as  before. 

On  putting  the  machinery  in  rotatory  motion  in  the  way  described,  the  hats  will  be 
carried  along  Ihroush  the  apparatus,  and  subjected  to  the  scalding  solution  in  the  pan,  as 
also  to  the  pressure,  and  to  a  tortuous  action  between  the  ribs  of  the  lantern  rollers,  as  they 
revolve,  which  will  cause  the  ends  of  the  fur  to  work  into  the  felted  bodies  of  the  hats, 
and  by  that  means  permanently  to  attach  the  nap  to  the  body ;  an  operation  which,  when 
performed  by  hand,  is  called  rolling  off. 

The  improved  stiffening  for  hat  bodies  proposed  by  Mr.  Blades,  under  his  patent  of 
January,  1828,  consists  in  making  his  solution  of  shellac  in  an  alkaline  ley,  instead  of 
spirits  of  wine,  or  pyroxyjic  spirit,  vulgarly  called  naptha. 

He  prepares  his  water-proof  stifl'ening  by  mixing  18  pounds  of  shellac  with  ]|  pounds 
of  salt  of  tartar  (carbonate  of  potash),  and  5^  gallons  of  water.  These  materials  are  to 
be  put  into  a  kettle,  and  made  to  boil  gradually  until  the  lac  is  dissolved ;  when  the 
liquor  will  become  as  clear  as  water,  without  any  scum  upon  the  top,  and  if  left  to 
cool,  will  have  a  thin  crust  upon  its  surface  of  a  whitish  cast,  mixed  with  the  light  im- 
purities of  the  gum.  When  this  skin  is  taken  of}',  the  hat  body  is  to  be  dipped  into 
the  mixture  in  a  cold  state,  so  as  to  absorb  as  much  as  possible  of  it;  or  it  may  be 
applied  with  a  brush  or  sponge.  The  hat  body,  being  thus  stiflened,  may  stand  till  it 
become  dry,  or  nearly  so ;  and  after  it  has  been  brushed,  it  must  be  immersed  in  very 
dilute  sulphuric  or  acetic  acid,  in  order  to  neutralize  the  potash,  and  cause  the  shellac  to 
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set.     If  the  hats  are  not  to  be  napped  immediately,  they  may  be  thrown  into  a  cistern  of 
pure  water,  and  taken  out  as  wanted. 

Should  the  hat  bodies  have  been  worked  at  first  with  sulphuric  acid  (as  usual),  they 
must  be  soaked  in  hot  water  to  extract  the  acid,  and  dried  before  the  stiffening  is  applied: 
care  being  taken  that  no  water  falls  upon  the  stiffened  body,  before  it  has  been  immersed 
in  the  acid. 

This  ingenious  chemical  process  has  not  been,  to  tlie  best  of  my  knowledge,  intro- 
duced into  the  hat  manufacture.  A  varnish  made  by  dissolving  shellac,  mastic,  sand- 
arach,  and  other  resins  in  alcohol,  or  the  naptha  of  wood  vinegar,  is  generally  employed 
as  the  stiffening  and  water-proof  ingredient  of  hat  bodies.  A  solution  of  caoutchouc  is 
often  applied  to  whalebone  and  horse-hair  hat  bodies. 

The  following  recipe  has  been  prescribed  as  a  good  composition  for  stiffening  hats ; 
four  parts  of  shellac,  one  part  of  mastic,  one  half  of  a  part  of  turpentine,  dissolved  in 
five  parts  of  alcohol,  by  agitation  and  subsequent  repose,  without  the  aid  of  heat.  This 
stiffening  varnish  should  be  applied  quickly  to  the  body  or  foundation  with  a  soft  ob- 
long brush,  in  a  dry  and  rather  warm  workshop;  the  hat  being  previously  fitted  with  its 
inside  turned  outwards  upon  a  block.  The  body  must  be  immediately  afterwards  taken 
off,  to  prevent  adhesion. 

Hat-Dyeing. — The  ordinary  bath  for  dyeing  hats,  employed  by  the  London  manufacturers, 
consists,  for  12  dozen,  of — 

144  pounds  of  logwood  ; 

12  pounds  of  green  sulphate  of  iron,  or  copperas; 
7§  pounds  of  verdigris. 

The  copper  is  usually  made  of  a  semi-cylindrical  shape,  and  should  be  surrounded  with 
an  iron  jacket  or  case,  into  which  steam  may  be  admitted,  so  as  to  raise  the  temperature 
of  the  interior  bath  to  190°  F.,  but  no  higher,  otherwise  the  heat  is  apt  to  affect  the 
stiffening  varnish,  called  the  gum,  with  which  the  body  of  the  hat  has  been  imbued. 
The  logwood  having  been  introduced  and  digested  for  some  time,  the  copperas  and 
verdigris  are  added  in  successive  quantities,  and  in  the  above  proportions,  along  with 
every  successive  two  or  three  dozens  of  hats,  suspended  upon  the  dipping  machine. 
Each  set  of  hats,  after  being  exposed  to  the  bath  with  occasional  airings  during  40 
minutes,  is  taken  off  the  pegs,  and  laid  out  upon  the  ground  to  be  more  completely 
blackened  by  the  peroxydizement  of  the  iron  with  the  atmospheric  oxygen.  In  3  or  4 
hours  the  dyeing  is  completed.  When  fully  dyed,  the  hats  are  well  washed  in  running 
water. 

Mr.  Buffum  states  that  there  are  four  principal  objects  accomplished  by  his  patent  inven- 
tion for  dyeing  hats. 

1.  in  the  operation  ; 

2.  the  production  of  a  better  color ;  • 

3.  the  prevention  of  any  of  the  damages  to  which  hats  are  liable  in  the  dyeing ; 

4.  the  accomplishment  of  the  dyeing  process  in  a  much  shorter  time  than  by  the  usual 
methods,  and  consequently  lessening  the  injurious  effects  of  the  dye-bath  upon  the  texture 
of  the  hat. 

Fig.  544  shows  one  method  of  constructing  the  apparatus,     a  a  is  a  semi-cylindrical 
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shaped  copper  vessel,  with  flat  ends,  in  which  the  dyeing  process  is  carried  on.  bbbi% 
a  wheel  with  several  circular  rims  mounted  upon  arms,  which  revolve  upon  an  axle  c. 
In  the  face  of  .these  rims  a  number  of  pegs  or  blocks  are  set  at  nearly  equal  distances 
apart,  upon  each  of  which  pegs  or  blocks  it  is  intended  to  place  a  hat,  and  as  the  wheel 


648 


HAT  MANUFACTURE. 


revolves,  to  pass  it  into  and  out  of  the  dyein?  liquor  in  the  vat  or  copper.  This  wheel 
may  be  kept  revolving  with  a  very  slow  motion,  either  by  gear  connecting  its  axle,  c, 
with  any  moving  power,  or  it  may  be  turned  round  by  hand,  at  intervals  of  ten  minutes ; 
whereby  the  hats  hung  upon  the  pegs,  will  be  alternately  immersed  for  the  space  of  ten 
minutes  in  the  dyeing  liquor,  and  then  for  the  same  space  exposed  to  the  atmospheric 
air.  In  this  way,  the  process  of  dyeing,  it  is  supposed,  may  be  greatly  facilitated  and 
improved,  as  the  occasional  transition  from  the  dye  vat  into  the  air,  and  from  the  aii 
again  into  the  bath,  will  enable  the  oxygen  of  the  atmosphere  to  strike  the  dye  more  per- 
fectly and  expeditiously  into  the  materials  of  which  the  hat  is  composed,  than  by  a  continued 
immersion  in  the  bath  for  a  much  longer  time. 

A  variation  in  the  mode  of  performing  this  process  is  suggested,  and  the  apparatus 
fig.  545  is  proposed  to  be  employed,  a  a  is  a  square  vat  or  vessel  containing  the  dyeing 
liquor ;  b  b  is  a  frame  or  rack  having  a  number  of  pegs  placed  in  it  for  hanging  the  hats 
upon,  which  are  about  to  be  dyed,  in  a  manner  similar  to  the  wheel  above  described. 
This  frame  or  rack  is  suspended  by  cords  from  a  crane,  and  may  in  that  way  be  lowered 
down  with  the  hats  into  the  vat,  or  drawn  up  and  exposed  in  the  air ;  changes  Avhich  may 
be  made  every  10  or  20  minutes. 

I  have  seen  apparatus  of  this  kind  doing  good  work  in  the  hat-dyeing  manufactories 
of  London,  that  being  a  department  of  the  business  with  which  the  Union  has  not  thought 
it  worth  their  while  to  interfere. 

Mr.  William  Hodge's  patent  improvements  in  hat  dyeing,  partly  founded  upon  an 
invention  of  Mr.  Bowler,  consist,  first  in  causing  every  alternate  frame  to  which  the 
suspenders  or  blocks  are  to  be  attached,  to  slide  in  and  out  of  grooves,  for  the  purpose 

of  more  easily  removing  the  said 
suspenders  when  required.  Fig. 
546  represents  the  improved  dye- 
ing frame,  consistina;  of  two  cir- 
cular rims,  a  a,  which  are  con- 
nected together  at  top  and  bottom, 
by  three  fixed  perpendicular  bars 
or  the  frame-work  b  b  b.  Two 
other  perpendicular  frames  c  c, 
similar  to  the  former,  slide  in 
grooves,  dd  dd, fixed  to  the  upper 
and  lower  rims.  These  grooves 
have  anti-friction  rollers  in  them, 
for  the  purpose  of  making  the 
frames  c  c,  to  slide  in  and  out 
more  freely.  The  suspenders  or 
substitutes  for  blocks,  by  these 
means,  may  be  more  easily  got  at 
by  drawing  out  the  frames  c  c, 
about  half  way,  when  the  suspend- 
ers, which  are  attached  to  the 
frames  with  the  hats  upon  them, 
may  be  easily  reached,  and  either 
removed  or  altered  in  position; 
and  when  it  is  done  on  one  side,  the  sliding  frame  may  be  brought  out  on  the  other,  and 
the  remaining  quantity  of  "suspenders"  undergo  the  same  operation. 

The  patentee  remarks,  that  it  is  well  known  to  all  hat  dyers,  that  after  the  hats  have 
been  in  the  dyeing  liquor  some  time,  they  ought  to  be  taUen  out  and  exposed  to  the 
action  of  the  atmospheric  air,  when  they  are  again  immersed  in  the  copper,  that  part  of 
the  hat  which  was  uppermost  in  the  first  immersion,  being  placed  downwards  in  the 
second.  This  is  done  for  the  purpose  of  obtaining  a  uniform  and  regular  dye.  The 
patentee's  mode  of  carrying  this  operation  into  eflect,  is  shown  in  the  figure :  e  e  are 
pivots  for  the  dyeing-frame  to  turn  upon,  which  is  supported  by  the  arms  /,  from  a  crane 
above.  The  whole  apparatus  may  be  raised  up  or  lowered  into  the  copper  by  means  of 
the  crane  or  other  mechanism.  When  the  dyeing-frame  is  raised  out  of  the  copper,  the 
whole  of  the  suspenders  or  blocks  are  reversed,  by  turning  the  apparatus  over  upon  the 
pivots  e  e,  and  thus  the  whole  surfaces  of  the  hats  are  equally  acted  upon  by  the  dyeing 
material. 

It  should  be  observed,  that  when  the  dyeing-frame  is  raised  up  out  of  the  copper,  it 
should  be  tilled  on  one  side,  so  as  to  make  all  the  liquor  nm  out  of  the  hats,  as  also  to 
cause  the  rims  of  the  hats  to  hang  down,  and  not  stick  to  the  body  of  the  hat,  or  leave 
a  bad  place  or  uneven  dye  upon  it.  The  second  improvement  described  by  the  patentee, 
is  the  construction  of  "  suspenders,"  to  be  substituted  instead  of  the  ordinary  blocks. 
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These  "  suspenders"  are  composed  ot  thin  plates  of  copper,  bent  into  the  required 
form,  that  is,  nearly  resembling  that  of  a  hat  block,  and  made  in  such  a  manner  as  to  be 
capable  of  contraction  and  expansion  to  suit  different  sized  hats,  and  keep  them 
distended,  which  may  be  altered  by  the  workmen  at  pleasure,  when  it  is  required  to 
place  the  hats  upon  them,  or  remove  them  therefrom.  The  dyeing-frame  at  Jig.  546  is 
shown  with  only  two  of  these  "  suspenders,"  in  order  to  prevent  confusion.  One  of  these 
suspenders  is  represented  detached  at  Jig.  547,  which  exhibits  a  side  view;  and  Jig.  548 
a  front  view  of  the  same.  It  will  be  seen  by  reference  to  the  figure,  that  the  suspenders 
consist  of  two  distinct  parts,  which  may  be  enlarged  or  collapsed  by  a  variety  of  means, 
and  which  means  may  be  suggested  by  any  competent  mechanic.  The  two  parts  of  the 
suspenders  are  proposed  to  be  connected  together  by  arms  g:  g,  and  at  the  junction  of 
these  arms  a  key  is  connected  for  turning  them  ro)ind  when  required.  It  will  be  seen  on 
reference  to  the  front  view,  fig.  548,  thai  the  "  suspenders"  or  substitutes  for  blocks,  are 
open  at  the  top  or  crown  part  of  the  hat ;  this  is  for  the  purpose  of  allowing  the  dyeing 
liquor  to  penetrate. 

From  the  mixture  of  copperas  and  verdigris  employed  in  the  hat-dye,  a  vast  quantity 
of  an  ochreous  muddy  precipitate  results,  amounting  to  no  less  than  25  per  cent,  of  the 
weight  of  the  copperas.  This  iron  mud  forms  a  deposite  upon  the  hats,  which  not  only 
corrodes  the  fine  filaments  of  the  beaver,  but  causes  both  them  and  the  felt  stuff  to  turn 
speedily  of  a  rusty  brown.  There  is  no  process  in  the  whole  circle  of  our  manufactures 
so  barbarous  as  that  of  dyeing  stuff  hats.  No  ray  of  chemical  science  seems  hitherto  to 
have  penetrated  the  dark  recesses  of  their  dye  shops.  Some  hatters  have  tried  to  remove 
this  corrosive  brown  ochre  by  a  bath  of  dilute  sulphuric  acid,  and  then  counteract  the 
evil  effect  of  the  acid  upon  the  black  dye  by  an  alkaline  bath  ;  but  with  a  most  unhappy 
effect.  Hats  so  treated  are  most  deceptions  and  unprofitable;  as  they  turn  of  a  dirty 
brown  hue,  when  exposed  for  a  few  weeks  to  sunshine  and  air. 

HEALDS,  is  the  harness  for  guiding  the  warp  threads  in  a  loom ;  that  is,  for  lifting  a 
certain  number  of  them  alternately  to  open  the  shed,  and  afford  passage  to  the  decussat- 
ing weft  threads  of  the  shuttle.     See  Weaving. 

HEARTH  (Foyer,  Fr. ;  Heerde,  Germ.)  is  the  flat  or  hollow  space  in  a  smelting  fur- 
nace upon  which  the  ore  and  fluxes  are  subjected  to  the  influence  of  flame.  See  Copper, 
Iron,  Metallurgy,  &c. 

HEAT,  is  that  power  or  essence  called  caloric,  the  discussion  of  whose  habitudes  with 
the  different  kinds  of  matter  belongs  to  the  science  of  chemistry. 

HEAT-REGULATOR.  The  name  given  by  M.  Bonnemain  to  an  ingenious  apparatus 
for  regulating  the  temperature  of  his  incubating  stove  rooms.  See  Incubation,  Arti- 
ficial, for  the  manner  of  applying  the  Heat-Regulator. 

The  construction  of  the  regulator  is  founded  upon  the  unequal  dilatation  of  different 
metals  by  the  same  degree  of  heat.     A  rod  of  iron  x,  Jig.  549,  is  tapped  at  its  lower 
549  end  into  a  brass  nut  y,  enclosed  in 

a  leaden  box  or  tube,  terminated 
above  by  a  brass  collet  -.  This 
tube  is  plunged  into  the  water  of 
the  boiler,  alongside  of  the  smoke- 
pipe.  (Fig.  549*  is  a  bird's-eye 
view  of  the  dial,  &c.)  The  ex- 
pansion of  the  lead  being  more 
than  the  iron  for  a  like  degree  of 
temperature,  and  the  rod  enclosed 
within  the  tube  being  less  easily 
warmed,  whenever  the  heat  rises  to 
the  desired  pitch,  the  elongation 
of  the  tube  puts  the  collet  z  in 
contact  with  the  heel  a,  of  the 
bent  lever  a,  b,  d ;  thence  the 
slightest  increase  of  heat  lengthens  the  tube  anew,  and  the  collet  lifting  the  heel  of 
the  lever  depresses  its  other  end  d  through  a  much  greater  space,  on  account  of  the 
relative  lengths  of  its  legs.  This  movement  operates  near  the  axis  of  a  balance-bar  e, 
sinks  one  end  of  this,  and  thereby  increases  the  extent  of  the  movement  which  is  trans- 
mitted directly  to  the  iron  skewer  v.  This  pushing  down  a  swing  register  diminishes 
or  cuts  off  the  access  of  air  to  the  fire-place.  The  combustion  is  niereby  obstructed,  and 
the  temperature  falling  by  degrees,  the  tube  shrinks  and  disengages  the  lieel  of  the  lever. 
The  counterpoise  g,  fixed  to  the  balance  beam  e,  raises  the  other  extremity  of  this  beam, 
by  raising  the  end  d  of  the  lever  as  much  as  is  necessary  to  make  the  heel  bear  upon 
the  collet  of  the  tube.  The  swing  register  acted  upon  by  this  means,  presents  a  greater 
section  to  the  passage  of  the  air ;  whence  the  combustion  is  increased.    To  counter- 
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balance  the  effect  of  atmospheric  changes,  the  iron  stem  which  supports  the  regulator  is 
terminated  by  a  dial  disc,  round  the  shaft  of  the  needle  above  h,  fig.  549* ;  on  turning 
this  needle  the  stem  below  it  turns,  as  well  as  a  screw  at  its  under  end,  which  raises  or 
lowers  the  leaden  lube.  In  the  first  case,  the  heel  falls,  and  opens  the  swing  register, 
whence  a  higher  temperature  is  required  to  shut  it,  by  the  expansion  of  the  tube.  We 
may  thus  obtain  a  regularly  higher  temperature.  If,  on  the  contrary,  we  raise  the  tube 
by  turning  the  needle  in  the  other  direction,  the  resister  presents  a  smaller  opening,  and 
shuts  at  a  lower  temperature  ;  in  this  case,  we  obtain  a  regularly  lower  temperature.  It 
is  therefore  easy,  says  M.  Bonnemain,  to  determine  d  priori  the  degree  of  temperature  to 
be  given  to  the  water  circulating  in  the  stove  pipes.  In  order  to  facilitate  the  regulation 
of  the  apparatus,  he  graduated  the  disc  dial,  and  inscribed  upon  its  top  and  bottom  the 
words,  Strong  and  Weak  heat.     See  Thermostat,  for  another  Heat-Rkgulator. 

HEAVY  SPAR,  sulphate  of  Baryta,  or  Cawk  (Spath  pesant,  Fr. ;  Schwerspaih, 
Germ.),  is  an  abundant  mineral,  which  accompanies  veins  of  lead,  silver,  mercury,  &c., 
but  is  often  found,  also,  in  large  masses.  lis  color  is  usually  white,  or  flesh-colored.  It 
occurs  in  many  crystalline  forms,  of  which  the  cleavage  is  a  right  rhomboidaj  prism.  It 
is  met  with  also  of  a  fibrous,  radiated,  and  granular  structure.  Its  spec.  grav.  varies 
from  4- 1  to  4"6.  It  has  a  strong  lustre,  between  the  fatty  and  the  vitreous.  It  melts  at 
35°  Wedgew.  into  a  white  opaque  enamel.  Its  constituents  are  65-63  baryta,  and  34-37 
sulphuric  acid.  It  is  decomposed  by  calcination  in  contact  with  charcoal  at  a  white  heat, 
into  sulphuret  of  baryta ;  from  which  all  the  baryta  salts  may  be  readily  formed.  Its 
chief  employment  in  commerce  is  for  adulterating  white  lead  ;  a  purpose  which  it  readily 
serves  on  account  of  its  density.  Its  presence  here  is  easily  detected  by  dilute  nitric  acid, 
which  dissolves  the  carbonate  of  lead,  and  leaves  the  heavy  spar.  It  is  also  a  useful  in- 
gredient in  some  kinds  of  pottery  and  glass. 

HECKLE  (Seran,  Fr. ;  Hechel,  Germ.)  is  an  implement  for  dissevering  the  filaments 
of  flax,  and  laying  them  in  parallel  stricks  or  tresses.     See  Flax. 

HELIOTROPE  is  a  variety  of  jaspar,  mixed  with  chlorite,  green  earth,  and  dial- 
lage ;  occasionally  marked  with  blood-red  points ;  whence  its  vulgar  name  of  blood- 
stone. 

HEMATINE  is  the  name  given  by  its  discoverer  Chevreul  to  a  crystalline  substance, 
of  a  pale  pink  color,  and  brilliant  lustre  when  viewed  in  a  lens,  which  he  extracted  from 
logwood,  the  hcematoxylon  Campechianum  of  botanists.  It  is,  in  fact,  the  characteristic 
principle  of  this  dye-wood.  To  procure  hematine,  digest  during  a  few  hours  ground  log- 
wood in  water  heated  to  a  temperature  of  about  130°  F.;  filter  the  liquor,  evaporate  it  to 
dryness  by  a  steam  bath,  and  jiut  the  extract  in  alcohol  of  0*835  for  a  day.  Then  filter 
anew,  and  after  having  inspissated  the  alcoholic  solution  by  evaporation,  pour  into  it 
a  little  water,  evaporate  gently  again,  and  then  leave  it  to  itself  in  a  cool  place.  In  this 
way  a  considerable  quantity  of  crystals  of  hematine  will  be  obtained,  which  may  be 
readily  purified  by  washing  with  alcohol  and  drying. 

When  subjected  to  dry  distillation  in  a  retort,  hematine  affords  all  the  usual  products  of 
vegetable  bodies,  along  with  a  little  ammonia ;  which  proves  the  presence  of  azote. 
Boilin?  water  dissolves  it  abundantly,  and  assumes  an  orange-red  color,  which  passes 
into  yellow  by  cooling,  but  becomes  red  again  with  heat.  Sulphurous  acid  destroys  the 
color  of  solution  of  hematine.  Potash  and  ammonia  convert  into  a  dark  purple-red  tint, 
the  pale  solution  of  hematine  ;  when  these  alkalis  are  added  in  large  quantity,  they 
make  the  color  violet  blue,  then  brown-red,  and  lastly  brown-yellow.  By  this  time,  the 
hematine  has  become  decomposed,  and  cannot  be  restored  to  its  pristine  state  by  neutral- 
izing the  alkalis  with  acids. 

The  waters  of  baryta,  strontia,  and  lime  exercise  an  analogous  power  of  decomposition; 
but  they  eventually  precipitate  the  changed  coloring  matter. 

A  red  solution  of  hematine  subjected  to  a  current  of  sulphureted  hydrogen  becomes 
yellow ;  but  it  resumes  its  original  hue  when  the  sulphureted  hydrogen  is  removed  by  a 
little  potash. 

The  protoxyde  of  lead,  the  protoxyde  of  tin,  the  hydrate  of  peroxyde  of  iron,  the  hy- 
drate of  oxydes  of  copper  and  nickel,  oxyde  of  bismuth,  combine  with  hematine,  and 
color  it  blue  with  more  or  less  of  a  violet  cast. 

Hematine  precipitates  glue  from  its  solution  in  reddish  flocks.  This  substance  has  not 
hitherto  been  employed  in  its  pure  state ;  but  as  it  constitutes  the  active  principle  of 
logwood,  it  enters  as  an  ingredient  into  all  the  colors  made  with  that  dye  stuff. 

These  colors  are  principally  violet  and  black.  Chevreul  has  proposed  hematine  as  an 
excellent  test  of  acidity. 

HEMATITE  {Fer  Oligiste,  Fr. ;  Rotheisenstein,  Germ.)  is  a  native  reddish-brown  per- 
oxyde of  iron,  consisting  of  oxygen  30-66  ;  iron  60-34.  It  is  the  kidney  ore  of  Cumber- 
land, which  is  smelted  at  Ulverstone  with  charcoal,  into  excellent  steel  iron. 

HEMP  (Chanvre,  Fr. ;  Hanf,  Germ.)  is  the  fibrous  rind  of  the  bark  of  the  canr.a- 
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bis  sativa,  which  is  spun  into  strands  or  yarn  for  mating  ropes,  sail-cloth,  &c.  It  is 
prepared  for  spinning  in  the  same  Avay  as  flax,  which  see.  Hemp-seed  contains  an  oil 
which  is  employed  for  making  soft  soap,  for  painting,  and  for  burning  in  lamps.  See 
Oils. 

Importation  of  undressed  hemp  for  home  consumption  ;  and  amount  of  duty,  in 

1837.  V        1838.  1837.  1838. 

Cwts.  596,994-3.        |        667,017.       |         £2487.        |        £2780 

HEPAR,  which  signifies  liver  in  Latin,  was  a  name  given  by  the  older  chemists  to 
some  of  those  compounds  of  sulphur  with  the  metals  which  had  a  liver-brown  color. 
Thus  ihe  sulphuret  of  potassium  was  called  liver  of  sulphur. 

HEPATIC  AIR;  sulphureted  hydrogen  gas. 

HERMETICAL  SEAL,  is  an  expression  derived  from  Hermes,  the  fabulous  pa- 
rent of  Egyptian  chemistry,  to  designate  the  perfect  stoppage  of  a  hollow  vessel,  by  the 
cementing  or  melting  of  the  lips  of  its  orifice;  as  in  the  case  of  a  glass  thermometer, 
or  matrass. 

HIDE  (Peau,  Fr. ;  Haut,  Germ.),  the  strong  skin  of  an  ox,  horse,  or  other  large  ani- 
mal.    See  Leather. 

Importation  of  untanned  hides  for  home  consumption  ;  and  amount  of  duty,  in 

1837.  1838.  1837.  1838. 

332,877.        I       301,890.        |       £46,190.        I       £36,647. 

HIRCINE;  from  hircus,  a.  ram;  is  the  name  given  by  Chevreul  to  a  liquid  fatty 
substance,  which  is  mixed  with  the  oleine  of  mutton  suet,  and  gives  it  its  peculiar  rank 
smell.  Hircine  is  much  more  soluble  in  alcohol  than  oleine.  It  produces  hircic  acid  by 
saponification. 

HOG'S  LARD ;  see  Fatb. 

HONEY  {Mel,  Fr. ;  Honi^,  Germ.)  is  a  sweet  viscid  liquor,  elaborated  by  bees  from 
the  sweet  juices  of  the  nectaries  of  flowers,  and  deposited  by  them  in  the  waxen  cells  of 
their  combs.  Virgin  honey  is  that  which  spontaneously  flows  with  a  very  gentle  heat  from 
the  comb,  and  common  honey  is  that  which  is  procured  by  the  joint  agency  of  pressure 
and  heat.  The  former  is  whitish  or  pale  yellow,  of  a  granular  texture,  a  fragrant  smell, 
and  a  sweet  slightly  pungent  taste ;  the  latter  is  darker  colored,  thicker,  and  not  so  agree- 
able either  in  taste  or  smell.  Honey  would  seem  to  be  merely  collected  by  the  bees,  for 
it  consists  of  merely  the  vegetable  products ;  such  as  the  sugars  of  grape,  gum,  and  man- 
na ;  alona  with  mucilaee,  extractive  matter,  a  little  wax,  and  acid. 

HONEY-STONE  (Mellife,  Fr. ;  Honi^slein,  Germ.)  is  a  mineral  of  a  yellowish  or  red- 
dish color,  and  a  resinous  aspect,  crystallizing  in  octahedrons  with  a  square  base ;  speci- 
fic gravity  1*58.  It  is  harder  than  gypsum,  but  not  so  hard  as  calc-spar;  it  is  deeply 
scratched  by  a  steel  point;  very  brittle;  aflTords  water  by  calcination;  blackens,  then 
burns  at  the  flame  of  the  blowpipe,  and  leaves  a  white  residuum  which  becomes  blue, 
when  it  is  calcined  after  having  been  moistened  with  a  drop  of  nitrate  of  cobalt.  It  is  a 
mellate  of  alumina,  and  consists  of: 


Klaproth. 

Wohler, 

JMellitic  acid 

46 

44-4 

Alumina 

-      16 

14-5 

Water 

38 

4M 

100  100-0 

The  honey-stone,  like  amber,  belongs  to  the  geological  formation  of  lignites.  It  has 
been  hitherto  found  clearly  in  only  one  locality,  at  Artern  in  Thuringia. 

HOP  (Houblon,  Fr. ;  Hop/en,  Germ.)  is  the  name  of  a  well-known  plant  of  the 
natural  family  of  Urticse,  and  of  the  dioecia  pentandria  of  Linnaeus.  The  female  flow- 
ers, placed  upon  diff'erent  plants  from  the  male,  grow  in  ovoid  cones  formed  of  oval  leafy 
scales,  concave,  iinbricated,  containing  each  at  the  base  an  ovary  furnished  with  two 
ttibular  open  styles,  and  sharp  pointed  stigmata.  The  fruit  of  the  hop  is  a  small 
rounded  seed,  slightly  compressed,  brownish  colored,  enveloped  in  a  scaly  calyx,  thin 
but  solid,  which  contains,  spread  at  its  base,  a  granular  yellow  substance,  appearing  to 
the  eye  like  a  fine  dust,  but  in  the  microscope  seen  to  be  round,  yellow,  transparent 
grains  ;  deeper  colored,  the  older  the  fruit.  This  secretion,  which  constitutes  the  useful 
portion  of  the  hop,  has  been  examined  in  succession  by  Ives,  Planche,  Payen,  and  Cheva- 
lier. I  have  given  a  pretty  full  account  of  the  results  of  their  researches  in  treating  of 
the  hop,  under  the  article  Beer. 
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HORDEINE  is  the  name  given  by  Proust  to  the  peculiar  starchy  matter  of  barley.  Ij 
seems  to  be  a  mixture  of  the  starch,  lignine,  and  husks,  which  constitutes  barley  meal. 
See  Beer. 

HORN  (Eng.  and  Germ. ;  Come,  Fr.),  particularly  of  oxen,  cows,  goats,  and  sheep,  is 
a  substance  soft,  tough,  semi-transparent,  and  susceptible  of  being  cut  and  pressed  into  a 
variety  of  forms ;  it  is  this  property  that  distinguishes  it  from  bone.  Turtle  or  tortoise 
shell  seems  to  be  of  a  nature  similar  to  horn,  but  instead  of  being  of  a  uniform  color,  it 
is  variegated  with  spots. 

These  valuable  properties  render  horn  susceptible  of  being  employed  in  a  variety 
of  works  fit  for  the  turner,  snuff-box,  and  comb  maker.  The  means  of  softening 
the  horn  need  not  be  described,  as  it  is  well  known  to  be  by  heat ;  but  those  of  cutting, 
polishing,  and  solderins;  it,  so  as  to  make  the  plates  of  large  dimensions,  suitable  to 
form  a  variety  of  articles,  may  be  detailed.  The  kind  of  horn  to  be  preferred  is 
that  of  goats  and  sheep,  from  its  being  whiter  and  more  transparent  than  the  horn 
of  any  other  animals.  When  horn  is  wanted  in  sheets  or  plates,  it  must  be  steeped 
in  water,  in  order  to  separate  the  pith  from  the  kernel,  for  about  fifteen  days  in  sum- 
mer, and  a  month  in  winter ;  and  after  it  is  soaked,  it  must  be  taken  out  by  one  end, 
well  shaken  and  rubbed,  in  order  to  get  off  the  pith  ;  after  which  it  must  be  put  for 
half  an  hour  into  boiling  water,  then  taken  out,  and  the  surface  sawed  even,  length- 
ways ;  it  must  again  be  put  into  the  boiling  water  to  soften  it,  so  as  to  render  it  capable 
of  separating  ;  then,  with  the  help  of  a  small  iron  chisel,  it  can  be  divided  into  sheets  or 
leaves.  The  thick  pieces  will  form  three  leaves,  those  which  are  thin  will  form  only 
two,  whilst  5'oung  horn,  which  is  only  one  quarter  of  an  inch  thick,  will  form  only  one. 
These  plates  or  leaves  must  asain  be  put  into  boiling  water,  and  when  they  are  sufficiently 
soft,  they  must  be  scraped  with  a  sharp  cutting  instrument,  to  render  those  parts  that  are 
thick  even  atid  uniform;  they  must  be  put  once  more  into  the  boiling  water,  an4  finally 
carried  to  the  press. 

At  the  bottom  of  the  press  employed,  there  must  be  a  strong  block,  in  which  is 
formed  a  cavity,  of  nine  inches  square  and  of  a  proportionate  depth ;  the  sheets  of  horn 
are  to  be  laid  within  this  cavity,  in  the  following  manner  at  the  bottom  :  first  a  sheet  of 
hot  iron,  upon  this  a  sheet  of  horn,  next  again  a  sheet  of  hot  iron,  and  so  on,  taking  care 
to  place  at  the  top  a  plate  of  iron  even  with  the  last.  The  press  must  then  be  screwed 
down  tight. 

There  is  a  more  expeditious  process,  at  least  in  part,  for  reducing  the  horn  into 
sheets,  when  it  is  wanted  very  even.  After  having  sawed  it  with  a  very  fine  and  sharp 
saw,  the  pieces  must  be  put  into  a  copper  made  on  purpose,  and  there  boiled,  until  suffi- 
ciently soft,  so  as  to  be  able  to  split  with  pincers ;  the  sheets  of  horn  must  then  be  put  in 
the  press,  where  they  are  to  be  placed  in  a  strong  vice,  the  chaps  of  which  are  of  iron 
and  larger  than  the  sheets  of  horn,  and  the  vice  must  be  screwed  as  quick  and  tight  as 
possible;  let  them  cool  in  the  press  or  vice,  or  it  is  as  well  to  plunge  the  whole  into  cold 
water.  The  last  mode  is  preferable,  because  the  horn  does  not  shrink  in  cooling.  Now 
draw  out  the  leaves  of  horn,  and  introduce  other  horn  to  undergo  the  same  process. 
The  horn  so  enlarged  in  pressing,  is  to  be  submitted  to  the  action  of  the  saw,  which 
ought  to  be  set  in  an  iron  frame,  if  the  horn  is  wanted  to  be  cut  with  advantage,  in 
sheets  of  any  desired  thickness,  which  cannot  be  done  without  adopting  this  mode.  The 
thin  sheets  thus  produced  must  be  kept  constantly  very  warm  between  plates  of  hot 
iron  to  preserve  their  softness;  every  leaf  being  loaded  with  a  weight  heavy  enough  to 
prevent  its  warping.  To  join  the  edges  of  these  pieces  of  horn  together,  it  is  necessary 
to  provide  strong  iron  moulds  suited  to  the  shape  of  the  article  wanted,  and  to  place  the 
pieces  in  contact  with  copper-plates  or  with  polished  metal  surfaces  against  them  ;  when 
this  is  done,  the  whole  is  to  be  put  into  a  vice  and  screwed  up  tight,  then  plunged  into 
boiling  water,  and  after  some  time  it  is  to  be  removed  from  thence  and  immersed  in  cold 
water.  The  edges  of  the  horn  will  be  thus  made  to  cement  together  and  become  perfect- 
ly united. 

To  complete  the  polish  of  the  horn,  the  surface  must  be  rubbed  with  the  subnitrate  of 
bismuth  by  the  pulm  of  the  hand.  The  process  is  short,  and  has  this  advantage,  that  it 
makes  the  horn  dry  promptly. 

When  it  is  wished  to  sjiot  the  horn  in  imitation  of  tortoise-shell,  metallic  solutions 
must  be  employed  as  follows  : — To  spot  it  red,  a  solution  of  gold,  in  aqua  regia,  must  be 
employed ;  to  spot  it  black,  a  solution  of  silver  in  nitric  acid  must  be  used  ;  and  for 
brown,  a  hot  solution  of  mercury  in  nitric  acid.  The  right  side  of  the  horn  must  be 
impregnated  with  these  solutions,  and  they  will  assume  the  colors  intended.  The 
brown  spots  can  be  produced  on  the  horn  by  means  of  a  paste  made  of  red  lead,  with  a 
solution  of  potash,  which  must  be  put  in  patches  on  the  horn,  and  subjected  some  time  to 
the  action  of  heat.  The  deepness  of  the  brown  shades  depends  upon  the  quantity  of 
potash  used  in  the  paste,  and  the  length  of  time  the  mixture  lies  on  the  horn.  A  de- 
coction of  Brazil  wood,  or  a  solution  of  indigo,  in  sulphuric  acid,  or  a  deoction  of  safiron. 
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and  Berbary  wood  may  also  be  used.     After  having  employed  these  materials,  the  horn 
may  be  left  for  half  a  day  in  a  strong  solution  of  vinegar  and  alum. 

In  France,  Holland,  and  Austria,  the  comb-makers  and  horn-turners  use  the  clippings 
of  horn,  which  are  of  a  whitish  yellow,  and  tortoise-shell  skins,  out  of  which  they  make 
snuff-boxes,  powder-horns,  and  many  curious  and  handsome  things.  They  first  soften  the 
horn  and  shell  in  boiling  water,  so  as  to  be  able  to  submit  them  to  the  press  in  iron 
moulds,  and  by  means  of  heat  form  them  into  one  mass.  The  degree  of  heat  necessary 
to  join  the  horn-clippings  must  be  stronger  than  that  for  shell  skins,  and  it  can  only  be 
found  out  by  experience.  The  heat  must  not  however  be  too  great,  for  fear  of  scorching 
the  horn  or  shell.  Considerable  care  is  required  in  these  operations,  not  to  touch  the 
horn  with  the  fingers,  nor  with  any  greasy  body,  because  the  grease  will  prevent  the  per- 
fect joining.  Wooden  instruments  should  be  used  to  move  them  while  they  are  at  the 
fire,  and  for  carrying  them  to  the  moulds. 

In  making  a  ring  of  horn  for  bell-pulls,  &c.,  the  required  piece  is  to  be  first  cut  out 
in  the  flat  of  its  proper  dimensions,  and  nearly  in  the  shape  of  a  horse-shoe ;  it  is  then 
pressed  in  a  pair  of  dies  to  give  its  surface  the  desired  pattern  ;  but  previous  to  the  pres- 
sure, both  the  piece  of  horn  and  the  dies  are  to  be  heated;  the  piece  of  horn  is  to  be  in- 
troduced between  the  dies,  squeezed  in  a  vice,  and  when  cold,  the  impression  or  pattern 
will  be  fixed  upon  the  horn.  One  particular  condition,  however,  is  to  be  observed  in  the 
construction  of  the  dies  for  forming  a  ring.  They  are  to  be  so  made,  that  the  open 
ends  of  the  horse-shoe  piece  of  horn,  after  being  pressed,  shall  have  at  one  end  a  nib, 
and  at  the  other  a  recess  of  a  dovetailed  form,  corresponding  to  each  other;  and  the 
second  operation  in  forming  this  ring  of  horn  is  to  heat  it,  and  place  it  in  another  pair 
of  dies,  which  shall  bring  its  open  ends  together,  and  cause  the  dovetailed  joints  to  be 
locked  fast  into  each  other,  which  completes  the  ring,  and  leaves  no  appearance  of  the 
junction. 

In  forming  the  handles  of  table  knives  and  forks,  or  other  things  which  require  to  be 
made  of  two  pieces,  each  of  the  two  pieces  or  sides  of  the  handle  is  formed  in  a  separate 
pair  of  dies;  the  one  piece  is  made  with  a  counter-sunk  groove  along  each  side,  and  the 
other  piece  with  corresponding  leaves  or  projecting  edges.  When  these  two  pieces  are 
formed,  by  first  being  cut  out  of  the  flat  horn,  then  pressed  in  the  dies  in  a  heated  state, 
for  the  purpose  of  giving  the  pattern,  the  two  pieces  are  again  heated  and  put  together, 
the  leaves  or  edges  of  the  one  piece  dropping  into  the  counter-sunk  grooves  of  the  other 
piece,  and  being  introduced  between  another  pair  of  heated  dies,  the  joints  are  pressed 
together  and  the  two  pieces  formed  into  one  handle. 

In  making  the  knobs  for  drawers  which  have  metal  stems  or  pins  to  fasten  them  into 
the  furniture,  the  face  of  the  knob  is  to  be  first  made  in  a  die,  as  above  described,  and 
then  the  back  part  of  the  knob  with  a  hole  in  it ;  a  metal-disc  of  plate-iron  is  next  pro- 
vided, in  which  the  metal  stem  or  screw  pin  is  fixed,  and  the  stem  being  passed  through 
the  aperture  in  the  back  piece,  and  the  two,  that  is,  the  back  and  front  pieces  of  horn 
put  together,  they  are  then  heated  and  pressed  in  dies  as  above  described  ;  the  edge  of 
the  back  piece  falling  into  the  counter-sunk  groove  of  the  front  piece,  while  by  the  heat 
they  are  perfectly  cemented  together. 

HORNSILVER  {Argent  Come,  or  Kerargyre,  Fr. ;  Hornsilber,  Germ.)  is  a  white  or 
brownish  mineral,  sectile  like  wax  or  horn,  and  crystallizing  in  the  cubic  system. 
Its  specific  gravity  varies  from  4-75  to  5-55.  Insoluble  in  water;  not  volatile;  fusible 
at  the  blowpipe,  but  diflicult  of  reduction  by  it.  It  deposites  metallic  silver  when  rubbed 
with  water  upon  a  piece  of  clean  copper  or  iron.  It  consists  of  24-67  chlorine,  and  75-32 
silver. 

Hornsilver  is  rare  in  the  European  mines,  but  it  occurs  in  great  quantity  in  the  districts 
of  Zacatecas,  Fresnillo,  and  Catarce,  in  Mexico ;  and  in  Huantajaya,  Yauricocha,  &c., 
in  Peru ;  where  it  is  abundantly  mixed  with  the  ores  of  hydrate  of  iron,  called  Pacos 
and  Colorados,  interspersed  with  veins  of  metallic  silver,  which  form  considerable  depos- 
ites  in  the  pencean  limestones.     There  it  is  profitably  mined  as  an  ore  of  silver. 

HORNSTONE  is  a  variety  of  rhomboidal  quartz.  Being  both  hard  and  tough,  it  is 
well  adapted  to  form  the  stones  of  pottery  mills  for  grinding  flints  ;  it  is  called  chert  in 
Derbyshire,  where  it  abounds. 

Hornstone  occurs  under  three  modifications ;  splintery  hornstone,  conchoidal  horn- 
stone,  and  woodstone.  The  colors  of  the  first  two  are  gray,  white,  and  red ;  they  are 
all  massive  ;  dull,  or  of  a  glimmering  lustre.  Translucent  only  on  the  thin  edges.  Diffi- 
cult to  break.  Hornstone  is  less  brittle  than  flint ;  and  by  its  infusibility  before  the  blow- 
pipe it  may  be  distinguished  from  petrosilex,  which  it  resembles  in  external  appearance. 
The  geological  locality  of  hornstone  is  remarkable ;  for  it  occurs  in  both  ancient  and 
recent  formations.  It  is  found  frequently  in  the  veins  that  traverse  primitive  crystalline 
rocks,  filling  up  the  interstices,  and  enveloping  their  metallic  ores.  In  the  lead  mine  of 
Huelgoet  in  Brittany  it  is  whitish  ;  but  its  prevailing  color  is  gray.  It  occurs  likewise  in 
the  middle  beds  of  the  coarse  limestone  (calcaire  grassier)  in  the  Paris  basin,  which  is  a 
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comparatively  modern  formation,  as  well  as  in  the  sand  beds  of  the  upper  parts  of  this 
district,  near  Saint  Cloud,  Neuilly,  &c.  The  hornstone  which  occurs  in  secondary  lime- 
stone is  called  chert  by  the  English  miners.  It  is  valuable  for  forming  the  grinding  blocks 
of  flint  mills  in  the  pottery  manufacture. 

HORSE  POWER,  in  steam  engines,  is  estimated  by  Mr.  Watt  at  .32,000  pounds 
avoirdupois  lifted  one  foot  high  per  minute,  for  one  horse.  M.  D'Aubuisson,  from  an 
examination  of  the  work  done  by  horses  in  the  whims,  or  gigs  (^machines  d  inoleltes)  for 
raising  ore  from  the  mines  at  Freyberg,  the  horses  being  of  average  size  and  strength, 
has  concluded  that  the  useful  efl'ect  of  a  horse  yoked  during  eight  hours,  by  two  relays 
of  four  hours  each,  in  a  manege  or  mill  course,  may  be  estimated  at  40  kilogrammes 
raised  1  metre  per  second  ;  which  is  nearly  16,440  pounds  raised  one  foot  per  minute; 
being  very  nearly  one  half  of  Mr.  Watt's  liberal  estimate  for  the  work  of  his  steam 
engines. 

HOSIERY  (jBormc^erie,  Fr. ;  Slrumpfiveberei,  Germ.).  The  stocking  frame,  which  is 
the  great  implement  of  this  business,  though  it  appears  at  first  sight  to  be  a  complicated 
machine,  consists  merely  of  a  repetition  of  parts  easily  understood,  with  a  moderate  de- 
gree of  attention,  provided  an  accurate  conception  is  first  formed  of  the  nature  of  the 
hosiery  fabric.  This  texture  is  totally  difl'erent  from  the  rectangular  decussation  which 
constitutes  cloth,  as  the  slightest  inspection  of  a  stocking  will  show;  for  this,  instead  of 
having  two  distinct  systems  of  thread,  like  the  warp  and  the  weft,  which  are  woven 
together,  by  crossing  each  other  at  right  angles,  the  whole  piece  is  composed  of  a  single 
thread  united  or  looped  together  in  a  peculiar  manner,  which  is  called  stocking-stitch, 
and  sometimes  chain-work. 
This  is   best  explained  by  tlie  view  in  fig.   550.      A  single   thread  is  formed  into 

a  number  of  loops  or  waves,  by  arranging  it 
550  J_^  s  R  over  a  number  of  parallel  needles,  as  shown  at 

R  :  these  are  retained  or  kept  in  the  form  of 
loops  or  waves,  by  being  drawn  or  looped 
Ihroush  similar  loops  or  waves  formed  by  the 
thread  of  the  preceding  course  of  the  work,  s. 
The  fabric  thus  formed  by  the  union  of  a  num- 
ber of  loops  is  easily  unravelled,  because  the 
stability  of  the  whole  piece  depends  upon  the 
ultimate  fastening  of  the  first  end  of  the  thread  ; 
and  if  this  is  undone,  the  loops  formed  by  that 
551  ^is^^  "  end  will  open,  and  release  the  subsequent  loops, 

one  at  a  time,  until  the  whole  is  unravelled,  and  drawn  out  into  the  single  thread  from 
which  it  was  made.  In  the  same  manner,  if  a  thread  in  a  stocking-piece  fails,  or  breaks 
at  any  part,  or  drops  a  stitch,  as  it  is  called,  it  immediately  produces  a  hole,  and  the  ex- 
tension of  the  rest  can  only  be  prevented  by  fastening  the  end.  It  should  be  observed 
that  there  are  many  different  fabrics  of  stocking-stitch  for  various  kinds  of  ornamental 
hosiery,  and  as  each  requires  a  diflTerent  kind  of  frame  or  machine  to  produce  it,  we 
should  greatly  exceed  our  limits  to  enter  into  a  detailed  description  of  them  all.  That 
species  which  we  have  represented  in  fig.  550  is  the  common  stocking-stitch  used  for 
plain  hosiery,  and  is  formed  by  the  machine  called  the  common  stocking-frame,  which  is 
the  groundwork  of  all  the  others.  The  operation,  as  we  see,  consists  in  drawing  the 
loop  of  a  thread  successively  through  a  series  of  other  loops,  so  long  as  the  work  is 
continued,  as  is  very  plainly  shown  for  one  stitch  in  fig.  551. 

There  is  a  sreat  variety  of  difl'erent  frames  in  use  for  producing  various  ornamental 
kinds  of  hosiery.  The  first,  which  forms  the  foundation  of  the  whole,  is  that  for  knitting 
plain  hosiery,  or  the  common  stocking-frame. 

Of  this  valuable  machine,  the  invention  of  Mr.  Lee,  of  Cambridge,  a  side  elevation  is 
given  in  fig.  552,  with  the  essential  parts.  The  framing  is  supported  by  four  upright 
posts,  generally  of  oak,  ash,  or  other  hard  wood.  Two  of^  these  posts  appear  at  a  a,  and 
the  connecting  cross  rails  are  at  c  c.  At  b  is  a  small  additional  piece  of  framing,  which 
supports  the  hosier's  seat.  The  iron-work  of  the  machine  is  bolted  or  screwed  to  the 
upper  rails  of  the  frame-work,  and  consists  of  two  parts.  The  first  rests  upon  a  sole  of 
polished  iron,  which  appears  at  D,  and  to  which  a  great  part  of  the  machinery  is 
attached.  The  other  part,  which  is  generally  called  the  carriage,  runs  upon  the  iron 
sole  at  D,  and  is  supported  by  four  small  wheels,  or  trucks,  as  they  are  called  by  the 
workmen.  At  the  upper  part  of  the  back  standard  of  iron  are  joints,  one  of  which 
appears  at  q;  and  to  these  is  fitted  a  frame,  one  side  of  which  is  seen  extending  to  h. 
By  means  of  these  joints,  the  end  at  h  may  be  depressed  by  the  hosier's  hand,  and  it 
returns,  when  relieved,  by  the  operation  of  a  strong  spring  of  tempered  steel,  acting 
between  a  cross  bar  in  the  frame  and  another  below.  The  action  of  this  spring  is 
very  apparent  in  fig.  553.  In  the  front  of  the  frame,  immediately  opposite  to  where 
the  hosier  sits,  are  placed  the  needles  which  form  the  loops.     These  needles,  or  rather 
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hooks    are   more   or    less  numerous,  according   to   the    coarseness   or  fineness  of  the 
stocking;    and  this,  although  unavoidable,  proves  a  very  considerable   abatement  of 

the  value  of  a  stocking-frame.     la 

almost  every  other  machine  (for 
example,  those  employed  in  spin- 
ning or  weaving),  it  is  easy  to 
adapt  any  one  either  to  work 
coarser  or  finer  work,  as  it  may 
be,  wanted.  But  in  the  manu- 
facture of  hosiery,  a  frame  once 
finished,  is  limited  for  ever  in  its 
operation  to  the  same  quality  of 
work,  with  this  exception,  that 
by  changing  the  stuff',  tlie  work 
may  be  made  a  little  more  dense 
or  flimsy ;  but  no  alteration  in 
the  size  or  quantity  of  loops  can 
take  place.  Hence  where  the 
manufacture  is  extensively  pro- 
secuted, many  frames  may  be 
thrown  idle  by  every  vicissitude 
of  demand ;  and  where  a  poor 
mechanic  does  purchase  his  own 
frame,  he  is  for  ever  limited  to 
the  same  kind  of  work.  The 
gauge,  as  it  is  called,  of  a  stock- 
ing-frame is  regulated  by  the 
number  of  loops  contained  in 
three  inches  of  breadth,  and  varies  very  much  ;  the  coarsest  frames  in  common  use  being 
about  what  are  termed  Fourteens,  and  the  finest  employed  in  great  extent  about 
Forties.  The  needles  are  of  iron  wire,  the  manufacture  of  which  is  very  simple ;  but 
long  practice  in  the  art  is  found  necessary  before  a  needle-maker  acquires  the  dexterity 
which  will  enable  him  both  to  execute  his  work  well,  and  in  sufficient  quantity  to  render 
his  labor  productive. 

The  process  of  making  the  needles  is  as  follows : — Good  sound  iron  wire,  of  a  proper 
fineness,  is  to  be  selected ;  that  which  is  liable  to  split  or  splinter,  either  in  filing, 
punching,  or  bending,  being  totally  unfit  for  the  purpose.  The  wire  is  first  to  be  cut 
into  proper  lengths,  according  to  the  fineness  of  the  frame  for  which  the  needles  are 
designed,  coarse  needles  being  considerably  longer  than  fine  ones.  When  a  sufficient 
number  (generally  some  thousands)  have  been  cut,  the  wire  must  be  softened  as  much 
as  possible.  This  is  done  by  laying  them  in  rows  in  a  flat  iron  box,  about  an  inch 
deep,  with  a  close  cover ;  the  box  being  filled  with  charcoal  between  the  strata  of  wires. 
This  box,  being  placed  upon  a  moderate  fire,  is  gradually  heated  until  both  the  wires 
and  charcoal  have  received  a  moderate  red  heat,  because,  were  the  heat  increased  to  what 
smiths  term  the  white  heat,  the  wire  would  be  rendered  totally  unfit  for  the  subsequent 
processes  which  it  has  to  undergo,  both  in  finishing  and  working.  When  the  box  has 
been  sufficiently  heated,  it  may  be  taken  from  the  fire,  and  placed  among  hot  ashes, 
until  both  ashes  and  box  have  gradually  cooled ;  for  the  slower  the  wires  cool,  the 
softer  and  easier  wrought  they  will  be.  When  perfectly  cool,  the  next  process  is  to 
punch  a  lonsjitudinnl  groove  in  the  stem  of  every  needle,  which  receives  the  point  or 
barb,  when  depressed.  This  is  done  by  means  of  a  small  engine  worked  by  the  power 
of  a  screw  and  lever.      The   construction  of  these   engines  is  various;  but  a  profile 

_  elevation  of  one  of  the  most  simple  and  com- 

55.3    U^  "  monly   used   will    be   found   in  jig.  553.      It 

consists  of  two  very  strong  pieces  of  malle- 
able iron,  represented  at  a  and  c,  and  these 
two  pieces  are  connected  by  a  strong  well- 
fitted  joint  at  B.  The  lower  piece,  or  sole  of 
the  engine  at  c,  is  screwed  down  by  bolts  to 
a  strong  board  or  table,  and  the  upper  piece 
A  will  then  rise  or  sink  at  pleasure,  upon  the 
joint  B.  In  order  that  A  may  be  very  steady 
in  rising  and  sinking,  which  is  indispensable 
to  its  correct  operation,  a  strong  bridle  of 
iron,  which  is  shown  in  section  at  e,  is  added  to  confine  it,  and  direct  its  motion.  In 
the  upper  part  of  this  bridle  is  a  female  screw,  through  which  the  forcing  screw  passes, 
which  is  turned  by  the  handle  or  lever  d.    To  the  sole  of  the  engine  c  is  fixed  a  bolster 
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of  tempered  steel,  wilh  a  small  groove  to  receive  the  wire,  which  is  to  be  punched;  and 
in  the  upper  or  moving  pari  a,  is  a  sharp  chisel,  which  descends  exactly  into  the  groove, 
■when  A  is  depressed  by  the  screw.  These  are  represented  at  f,  and  above  h.  At  g  is  a 
strong  spring,  which  forces  up  the  chisel  when  tho  pressure  of  the  screw  is  removed.  The 
appearance  of  the  groove,  when  the  punching  is  finished,  will  be  rendered  familiar  by 
inspecting  fig.  554,  p.  657.  When  the  punching  is  finished,  the  wires  are  to  be  brought 
to  a  fine  smooth  point  by  filing  and  burnishing,  the  latter  of  which  should  be  very  com- 
pletely done,  as,  besides  polishing  the  wire,  it  tends  greatly  to  restore  that  spring  and 
elasticity  which  had  been  removed  by  the  previous  operation  of  softening.  The  wire  is 
next  to  be  bent,  in  order  to  form  the  hook  or  barb ;  and  this  is  done  wilh  a  small  piece 
of  tin  plate  bent  double,  which  receives  ihe  point  of  the  wire,  and  by  its  breadth  regu- 
lates the  length  of  the  barb.  The  stem  of  Ihe  needle  is  now  flattened  with  a  small 
hammer,  to  prevent  it  from  turning  in  the  tin  socket  in  which  it  is  afterwards  to  be  cast ; 
and  the  point  of  the  barb  being  a  little  curved  by  a  pair  of  small  pliers,  the  needle  is 
compleieil.  / 

In  order  to  fit  the  needles  for  the  frame,  they  are  now  cast  into  the  tin  sockets,  or  leads, 
as  they  are  called  by  the  workmen;  and  this  is  done  by  placing  the  needles  in  an  iron 
mould,  which  opens  and  shuts  by  means  of  a  joint,  and  pouring  in  the  tin  while  in  a 
state  of  fusion.  In  common  operations,  two  needles  are  cast  into  the  same  socket.  The 
form  of  the  needle,  when  complete  and  fitted  to  its  place  in  the  frame,  will  be  seen  in 

fig.  555,  which  is  a  profile  section 
F  /W^  °'  ^^  needle-bar,  exhibiting  one 
needle.  In  this  figure  a  section  of 
the  pressure  is  represented  at  f  ; 
the  needle  appears  at  g,  and  the 
socket  or  level  at  k.  At  H,  is  a 
section  of  the  needle-bar,  on  the 
fore  part  of  which  is  a  small  plate 
of  iron  called  a  verge,  to  regulate  the  position  of  the  needles.  When  placed  upon  the 
bar  resting  against  the  verge,  another  plate  of  iron,  generally  lined  wilh  soft  leather,  is 
screwed  down  upon  the  sockets  or  leads,  in  order  to  keep  them  all  fast.  This  plate  and 
the  screw  appear  at  i.  When  the  presser  at  f  is  forced  down  upon  the  barb,  this  sinks 
into  the  groove  of  the  stem,  and  the  needle  is  shut ;  when  the  presser  rises,  the  barb  opens 
again  by  its  own  elasticity. 

The  needles  or  hooks  being  all  properly  fitted,  the  next  part  of  the  stocking-frame  to 
which  allenlion  ought  to  be  paid,  is  the  machinery  for  forming  the  loops;  and  this  con- 
sists of  two  parts.  The  first  of  these,  which  sinks  between  every  second  or  alternate 
needle,  is  represented  at  o,  fig.  552,  and  is  one  of  the  most  important  parts  of  the  whole 
machine.  It  consists  of  two  moving  pai  ts ;  the  first  being  a  succession  of  horizontal 
levers  moving  upon  a  common  centre,  and  called  jacks,  a  term  applied  to  vibrating  levers 
in  various  kinds  of  machinery  as  well  as  the  stocking-frame.  One  only  of  these  jacks 
can  be  represented  in  the  profile  yig.  552;  but  the  whole  are  distinctly  shown  in  a  hori- 
zontal position  in  fig.  556 ;  and  a  profile  upon  a  very  enlarged  scale  is  given  in  fig.  557. 
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The  jack  shown  in  fig.  552,  extends  horizontally  from  o  to  i,  and  the  centre  of  motion 
is  at  R.  On  the  front,  or  right  hand  part  of  the  jack  at  o,  is  a  joint  suspending  a  verj- 
thin  plate  of  polished  iron,  which  is  termed  a  sinker.  One  of  these  jacks  and  sinkers  is 
allotted  for  every  second  or  alternate  needle.  The  form  of  the  sinker  will  appear  at  s, 
fig.  557 ;  and  in  order  that  all  may  be  exactly  uniform  in  shape,  they  are  cut  out  and 
finished  between  two  stout  pieces  of  iron,  which  serve  as  moulds  or  gauges  to  direct  the 
frame-smith.  The  other  end  of  the  jack  at  i,  is  tapered  to  a  point ;  and  when  the  jacks 
are  in  their  horizontal  position,  they  are  secured  by  small  iron  springs,  one  of  which  is 
represented  at  i,  fig.  552,  each  spring  having  a  small  obtuse  angled  notch  to  receive  the 
point  of  the  jack,  against  which  it  presses  by  its  own  elasticity.  In  fig.  557  the  centre  is 
at  r;  the  pointed  tail  is  omitted  for  want  of  room,  the  joint  is  at  o,  and  the  throat  of  the 
sinker,  which  forms  the  loop,  is  at  s.  The  standards  at  r,  upon  which  the  jack  moves, 
are  called  combs,  and  consist  of  pieces  of  flat  smooth  brass,  parallel  to,  and  equidistant 
from  each  other.  The  cross-bar  e,  which  contains  the  whole,  is  of  iron,  with  a  perpen- 
dicular edge  or  rim  on  each  side,  leaving  a  vacancy  between  them,  or  a  space  to  receive 
the  bottom  part  or  tails  of  the  combs.  The  combs  are  then  placed  in  the  bar,  with  a  flat 
piece  of  brass  called  a  countercomb,  between  each,  to  ascertain  and  preserve  their  distances 
from  each  other.  These  countercombs  are  exactly  of  the  same  shape  as  the  combs,  but 
have  no  tails.  When  both  combs  and  countercombs  are  placed  in  the  bar,  it  is  luted 
with  clay  so  as  to  form  a  mould,  into  which  is  poured  a  sufficient  quantity  of  melted  tin. 
When  the  tin  has  had  time  to  cool,  the  countercombs  having  no  tails  are  easily  taken  out, 
and  the  combs  remain  well  fastened  and  secured  by  the  tin,  which  has  been  fused  entirely 
round  them.  Thus  they  form  a  succession  of  standards  for  the  jacks  ;  and  a  hole  being 
drilled  through  each  jack  and  each  comb,  one  polished  wire  put  through,  serves  as  a  com- 
mon centre  for  the  whole. 

The  jack  sinkers  being  only  used  for  every  alternate  or  second  needle,  in  order  to 
complete  this  part  of  the  apparatus,  a  second  set  of  sinkers  is  employed.  These  are,  in 
form  and  shape,  every  way  the  same  as  the  jack  sinkers,  but  they  are  jointed  at  the  top 
into  pieces  of  tin,  all  of  which  are  screwed  to  the  sinker  bar  h,  fig.  552 ;  and  thus  a 
sinker  of  each  kind  descends  between  the  needles  alternately.  By  these  sinkers  the 
loops  are  formed  upon  all  the  needles,  and  the  reason  of  two  sets  different  in  operation 
being  employed,  will  be  assigned  in  describing  the  mode  of  working  the  frame.  The 
presser  of  the  operation,  of  which  something  has  already  been  said,  appears  at  f;  and 
of  the  two  arms  which  support  and  give  motion  to  it,  one  appears  very  plainly  at  e,  its 
centre  of  motion  being  at  c.      The  circular  bend  given  to  these  arms,  besides  having  an 
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ornamental  effect,  is  very  useful, 
in  order  to  prevent  any  part  from 
interfering  with  the  other  parts 
which  are  behind,  by  elevating 
them  entirely  above  them.  The 
extremities  of  these  arms  at  the 
termination  of  the  bends  behind, 
are  connected  by  a  cross  bar, 
which  has  also  a  circular  bend 
in  the  middle,  projecting  down- 
wards, for  a  reason  similar  to  that 
already  assigned.  This  bend  is 
concealed  in^g.  552,  but  visible 
in  the  front  elevation,  fig.  558. 
From  the  middle  of  the  bend, 
the  presser  is  connected  with  the 
middle  treadle  by  a  depending 
wire  appearing  at  M,fig.  552,  and 
thus,  by  the  pressure  of  that 
treadle,  the  presser  is  forced  down 
to  close  the  barbs  of  the  needle. 
The  re-ascent  of  the  presser  is 
sometimes  effected  by  means  of 
a  counterpoising  weight  passing 
over  a  pulley  behind  ;  and  some- 
times by  the  reaction  of  a  wooden 
spring,  formed  of  a  strong  hoop 
like  that  represented  at  k.  The 
latter  of  these  is  preferred,  espe- 
cially by  the  Nottingham  hosiers, 
because,  as  they  assert,  it  makes 
the  presser  spring  up  with  greater 
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rapidity,  and  consequently  saves  time  in  working.  How  far  this  may  be  practically  the 
case,  it  would  be  superfluous  here  to  investigate;  but  it  is  obvious  that  the  wooden  spring, 
if  very  stifi",  must  add  much  to  the  hosier's  exertion  of  his  foot,  already  exercised  against 
the  united  spring  of  all  his  barbs;  and  this  inconvenience  is  much  complained  of  by  those 
who  have  been  accustomed  to  work  with  the  counterpoise. 

At  L  are  two  pulleys  or  wheels,  of  different  diameters,  moving  upon  a  common  centre, 
by  which  the  jack  sinkers  are  relieved  from  the  back  springs,  and  thrown  downwards  to 
form  the  loops  upon  the  needles.  About  the  larger  wheel  is  a  band  of  whipcord,  pass- 
ing twice  round,  the  extremities  of  which  are  attached  to  what  is  called  the  slur,  which 
disengages  the  jacks  from  the  back  springs.  The  smaller  pulley,  by  another  band, 
communicates  with  the  right  and  left  treadle;  so  that  these  treadles,  when  pressed 
alternately,  turn  the  pulleys  about  in  an  inverted  order.  The  directions  of  these  bands 
also  appear  more  plainly  in  the  front  elevation,  fig.  558.  The  construction  of  the  slur, 
and  its  efl'ect  upon  the  jacks,  will  also  be  rendered  apparent  by  fig.  559.  In  this 
figure,  eight  jacks  are  represented  in  section,  the  tail  part  of  three  of  which,  1,  2,  3,  are 
thrown  up  by  the  slur  in  its  progress  from  left  to  right;  the  fourth  is  in  the  act  of 
rising,  and  the  remaining  four,  5,  6,  7,  and  8,  are  still  unacted  upon,  the  slur  not  yet 
having  reached  them.  As  the  slur  acts  in  the  direction  of  the  dotted  line  x,  x,  fig.  556, 
behind  the  centres  of  the  jacks,  it  is  hardly  necessary  to  remark,  that  this  forcing  up  of 
the  tails  must  of  course  depress  the  joints  by  which  the  sinkers  in  front  are  suspended. 
The  jack  sinkers  falling  successively  from  the  loops  on  every  alternate  needle,  in  the  way 
\  _  £      represented  at  fig.   560,  where  both 

kinds  of  sinkers  appear  in  section,  the 
light  part  expressing  what  is  above 
the  point  at  which  the  throat  of  the 
sinker  operates  upon  the  thread,  and 
the  dark  part  what  is  below.  The 
second  set,  or,  as  they  are  called,  the 
lead  sinkers,  from  the  manner  of 
jointing  them,  and  suspending  them  from  the  bar  above,  appear  still  elevated  ;  the 
position  of  the  bar  being  represented  by  the  line  A,  b.  But  when  these  are  pulled  down 
to  the  level  of  the  former  by  the  operator's  hands,  the  whole  looping  will  be  completed, 
and  the  thread  c,  d,  which  is  still  slack,  will  be  brought  to  its  full  and  proper  degree  of 
tension,  which  is  regulated  by  stop  screws,  so  as  to  be  tempered  or  altered  at  pleasure. 

The  sinking  of  this  second  set  of 

^  /J^  ^        sinkers,  may  be  easily  explained  by 

561  /y^    ^v>^_      ^^^^^  fig.  561.     The  direction  of  the  sink- 

ers is  expressed  by  the  line  e  ;  the 
bar  from  which  they  are  suspended 
will  be  at  A  ;  the  top  frame  is  in  the 
direction  from  A  to  b  ;  the  back 
Standards  at  d,  and  the  joint  at  b,  is 
the  centre  of  motion.  If  e  is  pulled 
perpendicularly  downwards,  the  spring  c  will  be  contracted,  and  its  upper  extreme  point 
G,  will  be  brought  nearer  to  its  lower  extreme  point  f,  which  is  fixed.  Again,  when  the 
force  which  has  depressed  e  is  removed,  the  spring  c  will  revert  to  its  former  state,  and 
the  sinkers  will  rise.  The  raising  of  the  jack  sinkers  and  jacks  takes  place  at  the  same 
time,  by  the  hosier  raising  his  hands;  and  for  the  cause  of  this  we  must  revert  to  fig. 
556.  The  lead  sinkers  in  rising  lay  hold  of  notches,  which  raise  the  extreme  parts  of 
the  set  of  jacks  z,  z,  which  are  called  half-jacks.  Between  the  extremities  of  these  at  z,  z, 
is  a  cross  bar,  which,  in  descending,  presses  all  the  intermediate  jacks  behind  the  common 
centre,  and  restores  them  to  their  original  posture,  where  they  are  secured  by  the  back 
springs,  until  they  are  again  relieved  by  the  operation  of  the  slur  recrossing  at  the  next 
course. 

Working  of  the  frame. — In  order  to  work  a  frame,  the  whole  apparatus  being  previ- 
ously put  into  complete  order,  the  hosier  places  himself  on  the  seat  b  in  front,  and  pro- 
vides himself  with  a  bobbin  of  yarn  or  stuff.  This  bobbin  he  places  loosely  on  a  vertical 
pin  of  wire,  driven  into  one  side  of  the  frame  contiguous  to  the  needles,  so  that  it  may 
turn  freely  as  the  stuff  is  unwound  from  it.  Taking  the  thread  in  liis  hand,  he  draws  it 
loosely  along  the  needles,  behind  the  barbs,  and  under  the  throats  of  the  sinkers.  He 
then  presses  down  one  of  the  treadles  to  pass  the  slur  along,  and  unlock  the  jacks  from 
■the  back  springs,  that  they  may  fall  in  succession.  When  this  is  done,  the  number  of 
loops  thus  formed  is  doubled  by  bringing  down  the  lead  sinkers,  and  the  new  formed 
Joops  are  lodged  under  the  barbs  of  the  needles  by  bringing  forward  the  sinkers.  The 
preceding  course,  and  former  fabric,  being  then  again  pushed  back,  the  barbs  are  shut 
by  depressing  the  middle  treadle,  and  forcing  down  the  presser  upon  the  needles.  The 
lormer  work  is  now  easily   brought  over  the  shut  needles,  after  which,  by  raising  the 
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hands,  both  sets  of  sinkers  are  raised;  the  jacks  are  locked  by  the  back  springs,  and  the 
hosier  goes  on  to  another  course. 

From  this  it  will  be  apparent,  that  the  remark  made  in  the  outset  is  well  founded, 
that  there  are,  in  reality,  no  complicated  or  difficult  movements  in  the  stocking-frame. 
Almost  the  whole  are  merely  those  of  levers  moving  upon  their  respective  fulcra,  excepting 
that  of  the  carriage  which  gives  the  horizontal  motion  to  the  sinkers,  and  that  is  merely 
an  alternate  motion  on  four  wheels.  Yet  the  frame  is  a  machine  which  requires  con- 
siderable experience  and  care,  both  to  work  it  to  advantage,  and  also  to  keep  it  in  good 
order.  This  circumstance  arises  greatly  from  the  small  compass  in  which  a  number  of 
moving  parts  must  be  included.  Owing  to  this,  the  needles,  unless  cautiously  and  deli- 
cately handled,  are  easily  bent  or  injured.  The  same  circumstance  applies  with  equal 
or  greater  force  to  the  sinkers,  which  must  be  so  very  thin  as  to  be  easily  injured.  But 
as  these  must  work  freely,  both  in  a  perpendicular  and  horizontal  direction  between  the 
needles,  in  a  very  confined  and  limited  space,  the  slightest  variation  in  either,  from  being 
truly  and  squarely  placed,  unavoidably  injures  the  others.  When  a  hosier,  either  isno- 
rant  of  the  mechanical  laws,  of  their  relation  to  each  other,  or  too  impatient  to  wait  for 
the  assistance  of  another,  attempts  to  rectify  defects,  he  in  most  cases  increases  them  ten- 
fold, and  renders  the  machine  incapable  of  working  at  all,  until  repaired  by  some  more 
experienced  person.  This  circumstance  has  given  rise  to  a  set  of  men  employed  in  this 
trade,  and  distinguished  by  the  name  of  upsetters;  and  these  people,  besides  setting  new 
frames  to  work,  have  frequently  more  employment  in  repairing  old  ones  injured  by  want 
of  care  or  skill,  than  many  country  apothecaries,  who  live  in  unhealthy  parishes,  find  in 
tampering  with  the  disorders  of  mankind. 

It  seems  unnecessary  to  go  further  into  detail  respecting  a  machine  so  well  known, 
and  which  requires  practical  attention  even  more  than  most  others.  It  may,  therefore, 
be  sufficient  to  describe  shortly  some  of  its  varieties,  the  most  simple  and  common  of 
which  is  the  rib  stocking-frame. 

Rib  stocking-frame.  —  This  frame,  which,  next  to  the  common  frame,  is  most  exten- 
sively in  use,  is  employed  for  working  those  striped  or  ribbed  stockings,  which  are  very 
common  in  all  the  diflerent  materials  of  which  hosiery  is  formed.  In  principle  it  does 
not  differ  from  the  common  frame,  and  not  greatly  in  construction.  The  preceding  gen- 
eral description  will  nearly  apply  to  this  machine  with  equal  propriety  as  to  the  former; 
that  part,  however,  by  which  the  ribs  or  stripes  are  formed,  is  entirely  an  addition,  and 
to  the  application  of  this  additional  machinery  it  may  be  proper  to  pay  ihe  chief  atten- 
tion, referring  chiefly  to  jig.  558,  which  is  a  front  elevation. 

This  figure  has  been  already  referred  to  for  the  illustration  of  those  parts  of 
the  machinery  which  are  common  to  both,  and  those  parts  therefore  require  no  reca- 
pitulation. The  principle  of  weaving  ribbed  hosiery  possesses  considerable  affinity  to 
that  which  subsists  in  the  weaving  of  that  kind  of  cloth  which  is  distinguished  by  the 
name  of  tweeling,  for  the  formation  of  stripes,  with  some  variation  arising  merely  from 
the  different  nature  of  the  fabric.  In  cloth  weavina:,  two  different  kinds  of  yarn  inter- 
secting each  other  at  right  angles,  are  employed ;  in  hosiery  only  one  is  used.  In  the 
tweeling  of  cloth,  striped  as  dimity,  in  the  cotton  or  kerseymere,  and  in  the  woollen  man- 
ufacture, the  stripes  are  produced  by  reversing  these  yarns.  In  hosiery,  where  only  one 
kind  of  yarn  is  used,  a  similar  effect  is  produced  by  reversing  the  loops.  To  effect  this 
reversing  of  the  loops,  a  second  set  of  needles  is  placed  upon  a  vertical  frame,  so  that 
the  bends  of  the  hooks  may  be  nearly  under  those  of  the  common  needles.  These 
_„„'  needles  are  cast  into  tin  moulds,  pretty  similar  to  the  former,  but  more 

''•  -  oblique  or  bevelled  towards  the  point,  so  as  to  prevent  obstructions  in 
working  them.  They  are  also  screwed  to  a  bar  of  iron,  generally  lighter 
than  the  other,  and  secured  by  means  of  plates  :  this  bar  is  not  fixed, 
but  has  a  pivot  in  each  end,  by  means  of  which  the  bar  may  have  a  kind 
of  oscillatory  motion  on  these  pivots.  The  two  frames  of  iron  support  this 
bar;  that  in  which  it  oscillates  being  nearly  vertical,  but  inclined  a  little 
towards  the  other  needles.  Fig.  562,  which  is  a  profile  elevation,  will, 
serve  to  illustrate  the  relative  position  of  each  bar  to  the  other.  The 
lower  or  horizontal  frame,  the  ends  only  of  which  can  be  seen  in  jig. 
558  under  a  a,  appears  in  profile  in  jig.  562,  where  it  is  distinguished 
by  d.  The  vertical  frame  at  a  is  attached  to  this  by  two  centre  screws, 
which  serve  as  joints  for  it  to  move  in.  On  the  top  of  this  frame  is  the 
rib-needle  bar  at  /,  in  jigs.  552  and  562,  and  one  needle  is  represented 
in  jig.  562  at  /.  At  g  is  a  small  presser,  to  shut  the  barbs  of  the  rib- 
needles,  in  the  same  manner  as  the  large  one  does  those  of  the  frame. 
At  h  is  one  of  the  frame  needles,  to  show  the  relative  position  of  the  one 
set  to  the  other.  The  whole  of  the  rib-bar  is  not  fitted  with  needles 
like  the  other;  for  here  needles  are  only  placed  where  ribs  or  stripes 
are  to  be  formed,  the  intervals  being  filled  up  with  blank  leads,  that  is 
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to  say,  with  sockets  of  the  same  shape  as  the  others,  but  without  needles ;  being  merely 
designed  to  fill  the  bar  and  preserve  the  intervals.  Two  snnall  handles  depend  from  the 
needle  bar,  by  which  the  oscillatory  motion  upon  the  upper  centres  is  given.  The  rising 
and  sinking  motion  is  communicated  to  this  machine  by  chains  which  are  attached  to 
iron  sliders  below,  and  which  are  wrought  by  the  hosier's  heel  when  necessary.  The 
pressure  takes  place  partly  by  the  action  of  the  small  presser,  and  partly  by  the  motion 
of  the  needles  in  descending.  A  small  iron  slider  is  placed  behind  the  rib-needles,  which 
rises  as  they  descend,  and  serves  to  free  the  loops  perfectly  from  each  other. 

In  the  weaving  of  ribbed  hosiery,  the  plain  and  rib  courses  are  wrought  alternately. 
When  the  plain  are  finished,  the  rib-needles  are  raised  between  the  others,  but  no  addi- 
tional stuff  is  supplied.  The  rib-needles,  intersecting  the  plain  ones,  merely  lay  hold  of 
the  last  thread,  and,  by  again  bringing  it  through  that  which  was  on  the  rib-needle  be- 
fore •^ive  it  an  additional  looping,  which  reverses  the  line  of  chaining,  and  raises  the  rib 
above  the  plain  intervals,  which  have  only  received  a  single  knitting. 

HOT-FLUE  is  the  name  given  in  England  to  an  apartment  heated  by  stoves  or 
steam  pipes,  in  which  padded  and  printed  calicoes  are  dried  hard.     Fig.  563  represents 
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the  simplest  form  of  such  a  flue,  heated  by  the  vertical  round  iron  stove  c,  from  whose 
top  a  wide  square  pipe  proceeds  upwards  in  a  slightly  inclined  direction,  which  receives 
the  current  of  air  heated  by  the  body  and  capital  of  the  stove.  In  this  wide  channe. 
there  are  pulleys,  with  cords  or  bands  which  suspend  by  hooks,  and  conduct  the  web  of 
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calico,  from  the  entrance  at  b,  where  the  operative  sits,  to  near  the  point  a,  and  back 
again.  This  circuit  may  be  repeated  once  or  oftener  till  the  goods  are  perfectly  dried. 
At  D  the  driving  pulley  connected  with  the  main  shaft  is  shown.  Near  the  feet  of  the 
operative  is  the  candroy  or  reel  upon  which  the  moist  goods  are  rolled  in  an  endless  web ; 
so  that  their  circulation  in  the  hot-air  channel  can  be  continued  without  interruption,  as 
long  as  may  be  necessary. 

Fig.  564  is  a  cross  section  of  the  apparatus  of  the  regular  hot-flue,  as  il  is  mounted 

in  the  most  scientific  calico  works  of 
England,  those  of  James  Thomson,  Esq., 
of  Primrose,  near  Clilheroe,  Lancashire, 
a  a  a  a,  is  an  arched  apartment,  nearly  30 
yards  long,  by  13  feet  high,  and  10  feet 
wide.  Through  about  one  half  of  this 
gallery  there  is  a  horizontal  floor  sup- 
ported on  arches,  above  which  is  the  driest 
space,  through  which  the  goods  are  finally 
passed  before  they  escape  from  the  hot-flue, 
after  they  have  been  previously  exposed  to 
the  hot  but  somewhat  moist  air  of  the 
lower  compartment.  A  large  square  flue 
covered  with  cast-iron  plates,  runs  along 
the  whole  bottom  of  the  gallery.  It  is 
divided  into  two  long  parallel  vaults, 
whose  sections  are  seen  at  u,  u,  Jig.  564, 
covered  with  the  cast-iron  plates  v  v, 
grooved  at  their  ends  into  one  another.  The 
thickness  of  these  plates  is  increased  pro- 
gressively as  they  come  nearer  to  the  fire- 
place or  furnace.  There  are  dampers  which  regulate  the  draught,  and  of  course  the  heat 
of  the  stove,  h  h  are  the  air-passages  or  vent-holes,  left  in  the  side  walls,  and  which  by 
means  of  a  long  iron  rod,  mounted  with  iron  plates,  may  be  opened  or  closed  together 
to  any  degree,  k  k  are  the  cast-iron  supports  of  the  tinned  brass  rollers  which  guide 
the  goods  along,  and  which  are  fixed  to  the  cross  pieces  represented  by  r  r,  fig.  564. 
1 1  are  iron  bars  for  supporting  the  ventilators  or  fans  (see  the  fan  under  Foundry). 
These  fans  are  here  enclosed  within  a  wire  grating.  They  make  about  300  turns  per 
minute,  and  expel  the  moist  air  with  perfect  effect,  s  indicates  the  position  of  the  win- 
dows, which  extend  throughout  the  length  of  the  building,  f  is  a  gas-light  jet,  placed  at 
the  side  of  each  window  to  supply  illumination  for  night  work.  _    _ 

The  piece  is  stretched  along  the  whole  extent  of  the  gallery,  and  runs  through  it  m 
the  course  of  one  minute  and  a  half;  being  exposed  during  its  passage  to  the  heat  of 
212°rahr. 

In  fig.  565,  A  is  the  iron  door  of  entrance  to  the  hot-flue  gallery ;  at  &  is  the  pad- 
ding machine,  where  the  goods  are  imbued  with  the  general  mordant.      The  speed  ot 
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this  machine  may  be  varied  by  means  of  the  two  conical  drums  c  c,  which  drive  it;  since 
when  the  band  c  c  is  brought,  by  its  forks  and  adjusting  screws,  nearer  to  the  narrow 
end  of  the  lower  drum,  the  cylinder  upon  the  same  shaft  with  the  latter  is  driven 
quicker;  and  vice  versa.  Over  d  d  the  cords  are  shown  for  drawing  the  drum  mechan- 
ism into  gear  with  the  main  shaft  band,  f  f  e;  or  for  throwing  it  out  of  gear.  The 
pulleys  T  F  carry  the  bands  which  transmit  the  motion  lo  the  padding  machine.  A 
cylindrical  drum  exterior  to  the  hot-flue,  covered  with  flannel,  serves  to  receive  the  end 
of  the  series  of  pieces,  and  to  draw  them  through  the  apartment.     This  mode  of  drying 
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the  padded  calicoes  requires  for  each  piece  of  28  yards,  3  pounds  of  coals  for  '{he  furnace 
when  a  fan  is  employed,  and  4  pounds  without  it, 

HYDRATES  are  compounds  of  the  oxydes,  salts,  &c.  with  water  in  definite  or  equiv- 
alent proportions.  Thus  slaked  lime  consists  of  one  atom  of  quick-lime  =  28,  -(-  one 
atom  of  water  =  9,  of  which  the  sum  is  37  on  the  hydrogen  scale. 

HYDRAULIC  PRESS.     See  Oil,  Pkess,  and  Stearine. 

HYDRIODIC  ACID  (Jcide  Hydriodique,  Fr. ;  Hydriodsdure,  Germ.)  is  an  acid  form- 
ed by  the  combination  of  99"21  parts  of  iodine,  and  0*79  hydrogen.  When  pure,  it  occurs 
in  the  gaseous  stale,  but  it  combines  with  water  like  the  hydrochloric  or  muriatic  acid 
gas  into  a  liquid  acid. 

HYDROCHLORIC  ACID  ;  the  new  chemical  name  of  muriatic  acid,  which  see. 

HYDROGEN  (Eng.  and  Fr. ;  Wasserstoff,  Germ.),  an  undecompounded  gaseous  body ; 
the  lightest  of  all  ponderable  matter,  whose  examination  belongs  to  chemistry. 

HYDROMETER ;  an  instrument  for  ascertaining  the  specific  gravities  of  liquids. 
Baume's  hydrometer,  which  is  much  used  in  France,  and  other  countries  of  the  continent 
of  Europe,  when  plunged  in  pure  water,  at  the  temperature  of  58°  Fahr.,  marks  0  upon 
its  scale;  in  a  solution  containing  15  per  cent,  of  common  salt  (chloride  of  sodium)  and 
85  of  water  by  weight,  it  marks  15°;  so  that  each  degree  is  meant  to  indicate  a  density 
corresponding  to  one  per  cent,  of  that  salt.  See  Areometer,  for  comparative  tables  of 
hydrometers. 

HYDROSULPHURETS ;  chemical  compounds  of  bases  with  sulphureted  hydrogen. 

HYMENCEA  COURBARIL  ;  a  tree  growing  in  South  America,  from  which  the  resin 
anime  exudes. 

HYOSCIAMUS  NIGER.  Henbane  is  a  plant  used  in  medicine,  from  which  modern 
chemistry  has  extracted  a  new  crystalline  vegetable  principle  called  hyosciamine,  which  is 
very  poisonous,  and  when  applied  in  solution  to  the  eye,  determines  a  remarkable  dilata- 
tion of  the  pupil ;  as  belladonna  also  does. 

HYPOSULPHATES;  Hyposulphites;  saline  compounds  of  the  hyposulphuric  or 
hyposulphurous  acid  with  bases. 

HYPEROXY MURIATES;  the  old  and  incorrect  name  of  Chlorates. 


I.  &  J. 

JACK,  called  also  jack  in  a  box,  and  hand  jack,  is  a  portable  mechanical  instrument, 
consisting  of  a  rack  and  pinion,  or  a  pair  of  claws  and  ratchet  bar,  moved  by  a  winch 
handle,  for  raising  heavy  weights  a  little  way  off  the  ground. 

JACK  and  JACK-SINKERS,  are  parts  of  a  slocking  frame ;  see  Hosiery. 

JACK-BACK,  is  the  largest  jack  of  the  brewer. 

JACQUARD.  A  peculiar  and  most  ingenious  mechanism,  invented  by  M.  Jac- 
quart  of  Lyons,  to  be  adapted  to  a  silk  or  muslin  loom  for  superseding  the  employment 
of  draw-boys,  in  weaving  figured  goods.  Independently  of  the  ordinary  play  of  the 
warp  threads  for  the  formation  of  the  ground  of  such  a  web,  all  those  threads  which 
should  rise  simultaneously  to  produce  the  figure,  have  their  appropriate  healds,  which  a 
child  formei'ly  raised  by  means  of  cords,  that  grouped  them  together  into  a  system,  in 
the  order,  and  at  the  time  desired  by  the  weaver.  This  plan  evidently  occasioned  no 
little  complication  in  the  machine,  when  the  design  was  richly  figured  ;  but  the  apparatus 
of  Jacquart,  which  subjects  this  manoeuvre  to  a  regular  mechanical  operation,  and  derives 
its  motion  from  a  simple  pedal  put  in  action  by  the  weaver's  feet,  was  generally  adopted 
soon  after  its  invention  in  1800.  Every  common  loom  is  susceptible  of  receiving  this 
beautiful  appendage.  It  costs  in  France,  200  francs,-or  81.  sterling;  and  a  little  more 
in  this  country. 

Fig.  566  is  a  front  elevation  of  this  mechanism,  supposed  to  be  let  down.  Fig.  567 
is  a  cross  section,  shown  in  its  highest  position.  Fig.  568  the  same  section  as  the  pre- 
ceding, but  seen  in  its  lower  position. 

A,  is  the  fixed  part  of  the  frame,  supposed  to  form  a  part  of  the  ordinary  loom ;  there 
are  two  uprights  of  wood,  with  two  cross  bars  uniting  them  at  their  upper  ends,  and 
leaving  an  interval  x  y,  between  them,  to  place  and  work  the  moveable  frame  b,  vibrating 
round  two  fixed  points  a  a,  placed  laterally  opposite  each  olher,  in  the  middle  of  the 
space  X  y,  Jig.  566. 

c,  is  a  piece  of  iron  with  a  peculiar  curvature,  seen  in  front,  fig.  566,  and  in  profile, 
figs.  567  and  568.  It  is  fixed  on  one  side  upon  the  upper  cross-bar  of  the  frame  b,  and 
on  the  other,  to  the  intermediate  cross-bar  6  of  the  same  frame,  where  it  shows  an  inclined 
curvilinear  space  c,  terminated  below  by  a  semi-circle. 

T>,  is  a  square  wooden  axis,  moveable  upon  itself  round  two  iron  pivots,  fixed  into  its  two 

! 


JACQUARD  LOOM. 


663 


ends;  which  axis  occupies  the  bottom  of  the  moveable  frame  b.     The  four  faces  of  this 
square  axis  are  pierced  with  three  round,  equal,  truly-bored  holes,  arranged  in  a  quin- 
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cunx.  The  leetli  a,  fig.  570,  are  stuck  into  each  face,  and  correspond  to  holes  a,  fig.  573, 
made  in  the  cards  which  constitute  the  endless  chain  for  the  healds  ;  so  that  in  the  suc- 
cessive application  of  the  cards  to  each  face  of  the  square  axis,  the  holes  pierced  in  one 
card  may  always  fall  opposite  to  those  pierced  in  the  other. 
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The  right-hand  end  of  the  square  axis,  of  which  a  section  is  shown  in  double  size, 
fig.  569,  carries  two  square  plates  of  sheet  iron  d,  kept  parallel  to  each  other  and 
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a  little  apart,  by  four  spindles  e,  passed  opposite  to  the  corners.  This  is  a  kind  of 
lantern,  in  whose  spindles  the  hooks  of  the  levers  //',  turning  round  fixed  points  g  g' 
bej'ond  the  right  hand  upright  a,  catch  hold,  either  above  or  below,  at  the  pleasure  of  the 
weaver,  according  as  he  merely  pulls  or  lets  go  the  cord  2,  during  the  vibratory  movement 
of  the  frame  b. 

E  is  a  piece  of  wood  shaped  like  a  T,  the  stem  of  which,  prolonged  upwards,  passes 
freely  through  the  cross-bar  6,  and  through  the  upper  cross-bar  of  the  frame  b,  which  serve 
as  guides  to  it.  The  head  of  the  T  piece  being  applied  successively  against  the  two 
spindles  e,  placed  above  in  a  horizontal  position,  first  by  its  weight,  and  then  by  the  spiral 
spring  h,  acting  from  above  downwards,  keeps  the  square  axis  in  its  position,  while  it  per- 
mits it  to  turn  upon  itself  in  the  two  directions.  The  name  press  is  given  to  the  assemblage 
of  all  the  pieces  which  compose  the  moveable  frame  b  b. 

F  is  a  cross-bar  made  to  move  in  a  vertical  direction  by  means  of  the  lever  g,  in  the 
notches  or  grooves  i,  formed  within  the  fixed  uprights  a. 

H  is  a  piece  of  bent  iron,  fixed  by  one  of  its  ends  with  a  nut  and  screw,  upon  the  cross- 
bar F,  out  of  the  vertical  plane  of  the  piece  c.  Its  other  end  carries  a  friction  roller  j, 
which  working  in  the  curvilinear  space  c  of  the  piece  c,  forces  this,  and  consequently  the 
iVame  b,  to  recede  from  the  perpendicular,  or  to  return  to  it,  according  as  the  cross-bar  f 
is  in  the  top  or  bottom  of  its  course,  as  shown  in  figs.  567  and  568. 

I,  cheeks  of  sheet  iron  attached  on  either  side  to  the  cross-bar  f,  which  serve  as  a  safe 
to  a  kind  of  claw  k,  composed  here  of  eight  small  metallic  bars,  seen  in  section _^g.  567 
and  568,  and  on  a  greater  scale  in  fig.  570. 

J,  upright  skewers  of  iron  wire,  whose  tops,  bent  down  hook-wise,  naturally  place 
themselves  over  the  little  bars  k.  The  bottom  of  these  spindles,  likewise  hooked  in  the 
same  direction  as  the  upper  ones,  embraces  small  wooden  bars  I,  whose  office  is  to  keep 
them  in  their  respective  places,  and  to  prevent  them  from  twirling  round,  so  that  the 
uppermost  hooks  may  be  always  directed  towards  the  small  metallic  bars  upon  which 
they  impend.  To  these  hooks  from  below  are  attached  strings,  which,  after  havin? 
crossed  a  fixed  board  m  n,  pierced  with  corresponding  holes  for  this  purpose,  proceed 
next  to  be  attached  to  the  threads  of  the  loops  destined  to  lift  the  warp  threads,  k  k, 
horizontal  spindles  or  needles,  arranged  here  in  eight  several  rows,  so  that  each  spindle 
corresponds  both  horizontally  and  vertically  to  each  of  the  holes  pierced  in  the  four  faces 
of  the  square  axis  d.  There  are  therefore  as  many  of  these  spindles  as  there  are  holes  in  one 
of  the  faces  of  the  square. 

Fig.  571  represents  one  of  these  horizontal  spindles,     wis  an  eyelet  through  which  the 
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corresponding  vertical  skewer  passes.  0  another  elongated  eyelet,  through  which  a  small 
fixed  spindle  passes  to  serve  as  a  guide,  but  which  does  not  hinder  it  from  moving  length- 
wise, within  the  limits  of  the  length  of  the  eyelet,  p,  small  spiral  springs  placed  in  each 
hole  of  the  case  q  q,fig.  570.  They  serve  the  purpose  of  bringing  back  to  its  primitive 
position,  every  corresponding  needle,  as  soon  as  it  ceases  to  press  upon  it. 

Fig.  572  represents  the    plan  of  the  upper  row  of  horizontal  needles.     Fig.  573  is  a 
fragment  of  the  endless  chain,  formed  with  perforated  cards,  which  are  made  to  circulate 
572  ^.-n  573 


t'^ii  diy^z,4:ifllt^:A> 


•o  oO 


OP  I 


o  0    o 
o  00    ' 


o  c  <P  o    ^g  o8jo  6    CO  80  O  (7 

See     OOoo  0°  XO  yt'  0.  o 

O      o    O  o         00  0  O  CO  o  '„ 
O      0  "  ""o       o         °O0       I 


JACQUARD  LOOM.  66§ 

or  travel  by  the  rotation  of  the  shaft  d.  In  this  movement,  each  of  the  perforated  cards, 
whose  position,  form,  and  number,  are  determined  by  the  operation  of  tying-up  of  the 
warp,  comes  to  be  applied  in  succession  against  the  four  faces  of  the  square  axis  or  drum, 
leaving  open  the  corresponding  holes,  and  covering  those  upon  the  face  of  the  axis,  which 
have  no  corresponding  holes  upon  the  card. 

Now  let  us  suppose  that  the  press  b  is  let  down  into  the  vertical  position  shown  in 
fig.  568 ;  then  the  card  applied  against  the  left  face  of  the  axis,  leaves  at  rest  or  un- 
touched the  whole  of  the  horizontal  spindles  (skewers),  whose  ends  correspond  to  these 
holes,  but  pushes  back  those  which  are  opposite  to  the  unpierced  part  of  the  card  ;  thereby 
the  corresponding  upright  skewers,  3,  5,  6,  and  8,  for  example,  pushed  out  of  the  perpen- 
dicular, unhook  themselves  from  above  the  bars  of  the  claw,  and  remain  in  their  place, 
when  this  claw  comes  to  be  raised  by  means  of  the  lever  g  ;  and  the  skewers  1,  2,  4,  and 
7,  which  have  remained  hooked  on,  are  raised  along  with  the  warp  threads  attached  to 
them.  Then  by  the  passage  across  of  a  shot  of  the  color,  as  well  as  a  shot  of  the  common 
weft,  and  a  stroke  of  the  lay  after  shedding  the  warp  and  lowering  the  press  b,  an  element 
or  point  in  the  pattern  is  completed. 

The  following  card,  brought  round  by  a  quarter  revolution  of  the  axis,  finds  all  the 
needles  in  their  first  position,  and  as  it  is  necessarily  perforated  differently  from  the  pre- 
ceding card,  it  will  lift  another  series  of  warp  threads;  and  thus  in  succession  for  all  the 
other  cards,  which  compose  a  complete  system  of  a  figured  pattern. 

This  machine,  complicated  in  appearance,  and  which  requires  some  pains  to  be  under- 
stood, acts  however  in  a  very  simple  manner.  Its  whole  play  is  dependant  upon  the 
movement  of  the  lever  g,  which  the  weaver  himself  causes  to  rise  and  fall,  by  means  of 
a  peculiar  pedal ;  so  that  without  the  aid  of  any  person,  after  the  piece  is  properly  read 
in  and  mounted,  he  can  execute  the  most  complex  patterns,  as  easily  as  he  could  weave 
plain  goods ;  only  attending  to  the  order  of  his  weft  yarns,  when  these  happen  to  be  of 
different  colors. 

If  some  warp  yarns  should  happen  to  break  without  the  weaver  observing  them,  or 
should  he  mistake  his  colored  shuttle  yarns,  which  would  so  far  disfigure  tlie  pattern, 
he  must  undo  his  work.  For  this  purpose,  he  makes  use  of  the  lower  hooked  lever  /', 
whose  purpose  is  to  make  the  chain  of  the  card  go  backwards,  while  working  the  loom 
as  usual,  withdrawing  at  each  stroke  the  shot  both  of  the  ground  and  of  the  figure.  The 
weaver  is  the  more  subject  to  make  mistakes,  as  the  figured  side  of  the  web  is  downwards, 
and  it  is  only  with  the  aid  of  a  bit  of  looking-glass  that  he  takes  a  peep  of  his  work  from 
time  to  time.  The  upper  surface  exhibits  merely  loose  threads  in  diflferent  points,  accord- 
ing as  the  pattern  requires  them  to  lie  upon  the  one  side  or  the  other. 

Thus  it  must  be  evident,  that  such  a  number  of  paste-boards  are  to  be  provided  and 
mounted  as  equal  the  number  of  throws  of  the  shuttle  between  the  beginning  and  end  of 
any  figure  or  design  which  is  to  be  woven;  the  piercing  of  each  paste-board  individually, 
will  depend  upon  the  arrangement  of  the  lifting  rods,  and  their  connexion  with  the  warp, 
which  is  according  to  the  design  and  option  of  the  workman ;  great  care  must  be  taken 
that  the  holes  come  exactly  opposite  to  the  ends  of  the  needles;  for  this  purpose  two  large 
holes  are  made  at  the  ends  of  the  paste-boards,  which  fall  upon  conical  points,  by  which 
means  they  are  made  to  register  correctly. 

It  will  be  hence  seen,  that,  according  to  the  length  of  the  figure,  so  must  be  the  , 
number  of  paste-boards,  which  may  be  readily  displaced  so  as  to  remount  and  produce 
the  figure  in  a  few  minutes,  or  remove  it,  or  replace  it,  or  preserve  the  figure  for  future 
use.  The  machine,  of  course,  will  be  understood  to  consist  of  many  sets  of  the  lifting 
rods  and  needles,  shown  in  the  diagram,  as  will  be  perceived  by  observing  the  disposition 
of  the  holes  in  the  paste-board;  those  holes,  in  order  that  they  maybe  accurately 
distributed,  are  to  be  pierced  from  a  gauge,  so  that  not  the  slightest  variation  shall  take 
place. 

To  form  these  card-slips,  an  ingenious  apparatus  is  employed,  by  which  the  proper  steel 
punches  required  for  the  piercing  of  each  distinct  card,  are  placed  in  their  relative  situa- 
tions preparatory  to  the  operation  of  piercing,  and  also  by  its  means  a  card  may  be  punched 
with  any  number  of  holes  at  one  operation.  This  disposition  of  the  punches  is  effected 
by  means  of  rods  connected  to  cords  disposed  in  a  frame,  in  the  nature  of  a  false  simple, 
on  which  the  pattern  of  the  work  to  be  performed  is  first  read  in. 

These  improved  pierced  cards,  slips,  or  paste-boards,  apply  to  a  weaving  apparatus, 
which  is  so  arranged  that  a  figure  to  be  wrought  can  be  extended  to  any  distance  along 
the  loom,  and  by  that  means  the  loom  is  rendered  capable  of  producing  broad  figured 
works ;  having  the  long  lever  g  placed  in  such  a  situation  that  it  aflTords  power  to  the 
foot  of  the  weaver,  and  by  this  means  enables  him  to  draw  the  heaviest  morintures  and 
figured  works,  without  the  assistance  of  a  draw-boy. 

The  machinery  for  arranging  the  punches,  consists  of  a  frame  with  four  upright 
standards  and  cross-pieces,  which  contains  a  series  of  endless  cords  passing  under  a 
wooden  roller  at  bottom,  and  over  pulleys  at  the  top.    These  pulleys  are  mounted  on 
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axles  in  two  frames,  placed  obliquely  over  the  top  of  the  standard  frame,  which  pulley- 
frames  constitute  the  table  commonly  used  by  weavers. 

In  order  better  to  explain  these  endless  cords,  yig.  574  represents  a  single  endless 
cord  1,  1,  which  is  here  shown  in  operation,  and  part  of  another  endless  cord  2,  2,  shown 

stationary.  There  must  be  as  many  endless  cords 
in  this  frame  as  needles  in  the  weaving-loom,  a  is 
the  wooden  cylinder,  revolving  upon  its  axis  at  the 
lower  part  of  the  standards;  bb,  the  two  pulleys  of  the 
pulley-frames  above,  over  which  the  individual  end- 
less cord  passes ;  c  is  a  small  traverse  ring.  To  each 
of  these  rings  a  weight  is  suspended  by  a  single  thread, 
for  the  purpose  of  giving  tension  to  the  endless  cord, 
rf  is  a  board  resembling  a  common  comber-bar,  which 
is  supported  by  the  cross-bars  of  the  standard  frame, 
and  is  pierced  with  holes,  in  situation  and  number, 
corresponding  with  the  perpendicular  threads  that 
pass  through  them ;  which  board  keeps  the  threads 
distinct  from  each  other. 

At  €,  the  endless  cord  passes  through  the  eyes  of 
wires  resembling  needles,  which  are  contained  in  a 
wooden  box  placed  in  front  of  the  machine,  and  shown 
in  this  figure  in  section  only.  These  wires  are  called 
i\\e  punch-projectors ;  they  are  guided  and  supported 
by  horizontal  rods  and  vertical  pins,  the  latter  of 
which  pass  through  loops  formed  at  the  hinder  part 
of  the  respective  wires.  At  /  are  two  horizontal 
rods  extending  the  whole  width  of  the  machine,  for 
the  purpose  of  producing  the  cross  in  the  cords ;  g 
is  a  thick  brass  plate,  extending  along  in  front  of  the 
_  machine,  and  lying  close  to  the  box  which  holds  the 

punch-projectors ;  this  plate  g,  shown  also  in  section,  is  called  the  punch-holder  ;  it  contains 
the  same  number  of  apertures  as  there  are  punch-projectors,  and  disposed  so  as  to  corres- 
pond with  each  other.  In  each  of  these  apertures,  there  is  a  punch  for  the  purpose  of 
piercing  the  cards,  slips,  or  pasteboards  with  holes;  /t  is  a  thick  steel  plate  of  the  same 
size  as  g,  and  shown  likewise  in  section,  corresponding  also  in  its  number  of  apertures, 
and  their  disposition,  with  the  punch-projectors  and  the  punch-holder.  This  plate  k,  is 
called  the  punch-receiver. 

The  object  of  this  machine  is  to  transfer  such  of  the  punches  as  may  be  required  for 
piercing  any  individual  card  from  the  punch-holder  g,  into  the  punch-receiver  h ;  when 
they  will  be  properly  situated,  and  ready  for  piercing  the  individual  card  or  slip,  with 
such  holes  as  have  been  read  in  ui)on  the  machine,  and  are  required  for  permitting  the 
warp  threads  to  be  withdrawn  in  the  loom,  when  this  card  is  brought  against  the  ends 
of  the  needles.  The  process  of  transferring  the  patterns  to  the  punches  will  be  efliecled 
in  the  following  manner. 

The  pattern  is  to  be  read  in,  according  to  the  ordinary  mode,  as  in  a  false  simple, 
upon  the  endless  cords  below  the  rods/,  and  passed  under  the  revolving  wooden  cylinder 
a,  to  a  sufficient  height  for  a  person  in  front  of  the  machine  to  reach  conveniently.  He 
there  takes  the  upper  threads  of  the  pattern,  called  the  beard,  and  draws  them  forward 
so  as  to  introduce  a  stick  behind  the  cords  thus  advanced,  as  shown  by  dots,  for  the  pur- 
pose of  keeping  them  separate  from  the  cords  which  are  not  intended  to  be  operated 
upon.  All  the  punch-projectors  which  are  connected  with  the  cords  brought  forward, 
will  be  thus  made  to  pass  through  the  corresponding  apertures  of  the  punch-holder  g, 
and  by  this  means  will  project  the  punches  out  of  these  apertures,  into  correspondins 
apertures  of  the  punch-receiver  h.  The  punches  will  now  be  properly  arranged  for 
piercing  the  required  holes  on  a  card  or  slip,  which  is  to  be  effected  in  the  following 
manner. 

Remove  the  punch-receivers  from  the  front  of  the  machine ;  and  having  placed  one 
of  the  slips  of  card  or  pasteboard  between  the  two  folding  plates  of  metal,  completely 
pierced  with  holes  corresponding  to  the  needles  of  the  loom,  lay  the  punch-receiver  upon 
those  perforated  plates;  to  which  it  must  be  made  to  fit  by  mortises  and  blocks,  the 
cutting  parts  of  the  punches  being  downwards.  Upon  the  back  of  the  punch-receiver 
is  then  to  be  placed  a  plate  or  block,  studded  with  perpendicular  pins  corresponding  to 
the  above  described  holes,  into  which  the  pins  will  fall.  The  plates  and  the  blocks  thus 
laid  together,  are  to  be  placed  under  a  press,  by  which  means  the  pins  of  the  block  will 
be  made  to  pass  through  the  apertures  of  the  punch-receiver;  and  wherever  the  punch 
has  been  deposited  in  the  receiver  by  the  above  process,  the  said  punches  will  be  forced 
through  the  slip  of  pasteboard,  and  pierced  with  such  holes  as  are  required  for  producing 
the  figured  design  in  the  loom. 
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Each  card  being  thus  pierced,  the  punch  receiver  is  returned  to  its  place  in  front  of 
the  machine,  and  all  the  punches  forced  back  again  into  the  apertures  of  the  punch- 
holder  as  at  first.  The  next  set  of  cords  is  now  drawn  forward  by  the  next  beard,  as 
above  described,  which  sends  out  the  punch-j>rojec/ors  as  before,  and  disposes  the  punches 
in  the  punch-receiver,  ready  for  the  operation  of  piercing  the  next  card.  The  process 
being  thus  repeated,  the  whole  pattern  is,  by  a  number  of  operations,  transferred  to  the 
punches,  and  afterwards  to  the  cards  or  slips,  as  above  described. 

JADE,  axe-stone  (Nephrite,  Cerauniie,  Ft.),  is  a  mineral  commonly  of  a  greenish 
color,  compact,  and  of  a  fatty  lustre.  Spec.  Grav.  2'95  ;  scratches  glass,  is  very  tough  ; 
fuses  into  a  white  enamel.  Its  constituents  are,  silica,  50*5  ;  alumina,  10 ;  magnesia,  31 ; 
oxyde  of  iron,  5-50;  oxyde  of  chrome,  0-05;  water,  2-75.  It  comes  from  China,  is  used 
among  rude  nations  for  making  hatchets ;  and  is  susceptible  of  being  cut  into  any 
form. 

JAPANNING,  is  a  kind  of  varnishing  or  lackering,  practised  with  excellence  by  the 
Japanese,  whence  the  name.     See  Varnish. 

JASPER  (Jaspe  calcedoine,  Fr. ;  Jaspis,  Germ.)  is  a  sub  species  of  calcedony  quartz, 
of  which  there  are  five  varieties.  1.  The  Egyptian  red  and  brown,  with  ring  or  tendril* 
shaped  delineations.  2.  Striped  jasper.  3.  Porcelain  jasper.  4.  Common  jasper.  5. 
Agate  jasper.  The  prettiest  specimens  are  cut  for  seals,  and  for  the  inferior  kinds  of 
jewellery  ornaments.     See  Lapidary. 

ICE-HOUSE  ;  (Glaciere,  Fr. ;  Eishaus,  Germ.)  Under  the  article  Freezing  I  have 
enumerated  the  different  artificial  methods  of  producing  cold.  But  for  the  uses  of  com- 
mon life,  in  these  climates,  the  most  economical  and  convenient  means  of  refrigeration  in 
hot  weather  may  be  procured  by  laying  up  a  store  of  ice  in  winter,  in  such  circumstances 
as  will  preserve  it  solid  during  summer. 

An  ice-house  should  not  be  regarded  as  an  object  of  mere  luxury,  for  pleasing  the  pal- 
ates of  gourmands  with  iced  creams  and  orgeats.  In  the  southern  coimtries  of  Europe 
it  is  considered  among  people  in  easy  circumstances  as  an  indispensable  appendage  to  a 
country  mansion.  During  the  Dog-days,  especially  at  those  periods  and  in  those  dis- 
tricts where  the  sirocco  blows,  a  lassitude  and  torpor  of  mind  and  body  supervene,  with 
indigestion  or  total  loss  of  appetite,  and  sometimes  dysenteries,  which  are  obviously  oc- 
casioned by  the  excessive  heat,  and  are  to  be  prevented  or  counteracted  chiefly  by  the  use 
of  cold  beverages.  By  giving  tone  to  the  stomach,  iced  drinks  immediately  restore  the 
functions  of  the  nervous  and  muscular  systems  when  they  are  languid ;  while  they  enable 
persons  in  health  to  endure  without  much  inconvenience  an  atmosphere  so  close  and 
sultry  as  would  be  intolerable  without  this  remedy.  Ice-houses,  moreover,  afford  to 
country  gentlemen  a  great  advantage  in  enabling  them  to  preserve  their  fish,  butcher 
meat,  dead  poultry,  and  game,  which  would  otherwise,  in  particular  states  of  the  weather, 
immediately  spoil.  Considering  at  how  little  expense  and  trouble  an  ice-house  can  be 
constructed,  it  is  surprising  that  any  respectable  habitation  in  the  country  should  not  have 
one  attached  to  it.  The  simplest  and  most  scientific  form  is  a  double  cone,  that  is,  two 
cones  joined  base  to  base  ;  the  one  being  of  stones  or  brickwork,  sunk  under  ground  with 
its  apex  at  the  bottom,  into  which  the  ice  is  rammed  ;  the  other  being  a  conical  roof  of 
carpentry  covered  with  thatch,  and  pointed  at  top.  The  entrance  should  be  placed  always 
on  the  north  side ;  it  should  consist  of  a  corridor  or  porch  with  double  doors,  and  be 
screened  from  the  sunbeams  by  a  small  shrubbery.  Such  are,  in  general,  the  principles 
upon  which  an  ice-house  should  be  formed ;  but  they  will  be  better  understood  by  the 
following  explanation  and  figure. 

A  dry  sandy  soil  should  be  selected,  and,  if  possible,  a  spot  sheltered  by  a  cliff  or  other 
natural  barrier  from  the  direct  rays  of  the  sun.  Here  a  cavity  is  to  be  dug  about  16  feet 
in  diameter,  terminating  below  like  the  point  of  a  sugar  loaf.  Its  ordinary  depth,  for 
a  moderate  family,  may  be  about  24  feet;  but  the  larger  its  dimensions  are,  the  longer 
will  it  preserve  the  ice,  provided  it  be  filled.  In  digging,  the  workman  should  slope  the 
ground  progressively  towards  the  axis  of  the  cone,  to  prevent  the  earth  falling  in.  This 
conical  slope  should  be  faced  with  brick  or  stone  work  about  one  foot  thick,  and  jointed 
with  Roman  cement  so  as  to  be  air  and  water  tight.  A  well  is  to  be  excavated  at  the 
bottom  two  feet  wide  and  four  deep,  covered  at  top  with  an  iron  grating  for  supporting 
the  ice,  and  letting  the  water  drain  away. 

The  upper  cone  may  likewise  be  built  of  brickwork,  and  covered  with  thatch;  such  a 
roof  would  prove  the  most  durable.  This  is  the  construction  shown  in  fig.  575.  What- 
ever kind  of  roof  be  preferred,  there  must  be  left  in  it  an  oblong  passage  into  the  interior. 
This  porch  should  face  the  north,  and  be  at  least  8  feet  long  by  21  feet  wide ;  and  per- 
fectly closed  by  a  well-fitted  door  at  each  end.  All  round  the  bottom  of  this  conical 
cover,  a  gutter  should  be  placed  to  carry  off  the  rain  to  a  distance  from  the  ice-house,  and 
prevent  the  circumjacent  ground  from  getting  soaked  with  moisture. 

Fig.  575  shows  the  section  of  a  well-constructed  ice-house.  Under  the  ice-cham- 
ber A  the  ice  is  rammed  into  the  space  b.      c  is  the  grate  of  the  drain-sink  d.    The 
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portion  e  e  is  built  in  brick  or  stone ;  the  base  l  of  the  ice-chamber  slopes  inwards  to- 
wards the  centre  at  c.      The  upper  part  of  the  brickwork  e  e  is  a  little  way  below  the 

level  of  the  ground.  The  wooden  frame  work 
F  F  F  F  forms  the  roof,  and  is  covered  with  thick 
thatch.  G  H  is  the  wooden  work  of  the  door  i.  At 
K  the  bucket  is  seen  for  lifting  up  a  charge  of  ice, 
by  means  of  the  cord  J  passing  over  the  pulley  m, 
which  enables  the  servant  to  raise  it  easily. 

The  icehouse  should  have  no  window  to  admit 
light ;  but  be,  so  to  speak,  hermetically  sealed  in 
every  point,  except  at  its  cess-pool,  which  may 
terminate  in  a  water  trap  to  prevent  circulation  of 
air. 

A  clear  day  should  be  selected  for  charging  the 
icehouse;  but  before  beginning  to  fill,  a  quantity 
of  long  dry  straw  should  be  laid  on  the  bottom 
crosswise;  and  as  the  ice  is  progressively  introduced, 
straw  is  to  be  spread  against  the  conical  sides,  to  pre- 
vent the  ice  from  coming  into  contact  with  the  brick 
or  stone  work.  The  more  firmly  compacted  the  ice 
is,  the  better  does  it  keep  ;  with  which  view  it  should 
be  broken  into  pieces  with  mallets  before  being 
thrown  in.  No  layers  of  straw  should  be  stratified 
among  the  ice,  for  they  would  make  its  bodj  porous. 
Some  persons  recommend  to  pour  in  a  little  water 
with  the  successive  layers  of  ice,  in  order  to  fill  up  its  small  crevices,  and  convert  the 
whole  into  one  mass. 

Over  the  top  layer  a  thick  bed  of  straw  should  be  spread,  which  is  to  be  covered 
with  boards  surmounted  with  heavy  stones,  to  close  up  the  interstices  in  the  straw.  The 
inner  and  outer  doors  should  never  be  opened  at  once  ;  but  the  one  should  always  be  shut 
before  the  other  is  opened. 

Dry  snow  well  rammed  keeps  equally  well  with  hard  ice,  if  care  be  taken  to  leave  no 
cavities  in  the  mass,  and  to  secure  its  compactness  by  sprinkling  a  little  water  upon  thq 
successive  charges. 

To  facilitate  the  extraction  of  the  ice,  a  ladder  is  set  up  against  its  sloping  wall  at  one 
side  of  the  door,  and  left  there  during  the  season. 

JELl.Y,  VEGETABLE,  of  ripe  currants  and  other  berries,  is  a  compound  of  mucilage 
and  acid,  which  loses  its  power  of  gelatinizing  by  prolonged  ebullition. 
JELLY,  ANIMAL ;  see  Gelatine,  Glue,  and  Isinglass. 

JET  (Jaiet  or  jais,  Fr.),  a  species  of  pitch-coal  or  glance-coal,  which,  being  found 
abundantly  in  a  beautiful  compact  form,  in  the  valley  of  Hers,  arrondissement  of  Pamiers, 
department  of  the  Arriege,  has  been  worked  up  extensively  there  from  time  immemorial, 
into  a  multitude  of  ornamental  articles.  With  this  black  lignite,  buttons,  crosses,  rosaries, 
necklaces,  ear-drops,  bracelets,  waist-buckles,  &c.  are  made,  which  were  at  one  time 
much  worn  by  ladies  for  mourning  dresses.  The  greater  number  of  these  ornaments  are 
fashioned  upon  grind-stones  which  turn  in  a  horizontal  direction,  and  are  kept  continually 
wet ;  others  are  turned  at  the  lathe,  or  shaped  by  files. 

About  40  years  ago  this  manufacture  employed  from  1000  to  1200  operatives  ;  at  present 
it  gives  bread  to  only  60.  This  falling  off  may  be  ascribed  to  the  successful  imitation  of 
the  jet  articles  by  those  of  black  glass,  which  are  equally  beautiful,  and  not  nearly  so 
apt  to  lose  their  polish  by  use. 

IMPERMEABLE,  is  the  epithet  given  to  any  kind  of  textile  fabric,  rendered  water 
proof  by  one  or  other  of  the  following  substances ; — 

L  Linseed  oil  to  which  a  drying  quality  has  been  communicated  by  boiling  with  litharge 
or  sugar  of  lead,  &c. 

2.  The  same  oil  holding  in  solution  a  little  caoutchouc. 

3.  A  varnish  made  by  dissolving  caoutchouc  in  rectified  petroleum  or  naptha,  applied 
between  two  surfaces  of  cloth,  as  described  under  Mackintosh's  patent.  See  Caout- 
chouc. 

4.  Vegetable  or  mineral  pitch,  applied  hot  with  a  brush,  as  in  making  tarpawling  for 
covering  goods  in  ships. 

5.  A  solution  of  soap  worked  into  cloth,  and  decomposed  in  it  by  the  action  of  a 
solution  of  alum  ;  whence  results  a  mixture  of  acid  fats  and  alumina,  which  insinuates 
itself  among  all  the  woolly  filaments,  fills  their  interstices,  and  prevents  the  passage  of 
water. 

6.  A  solution  of  glue  or    singlass,  introduced  into  a  stuff,  and  then  acted  upon  by  a 
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clear  infusion  of  galls,  whereby  the  fibres  get  impregnated  with  an  insoluble,  impermea- 
ble, pulverulent  leather. 

7.  Plaster  work  is  rendered  impermeable  by  mixing  artificial  or  natural  asphaltum 
with  it. 

JEWELLERY,  Art  of.     See  Gem  and  Lapidary. 

INCOMBUSTIBLE  CLOTH  is  a  tissue  of  the  fibrous  mineral  called  amianthus  or 
asbestos.  This  is  too  rare  to  form  the  object  of  any  considerable  manufacture.  Cotton 
and  linen  cloth  may  be  best  rendered  incapable  of  taking  fire,  or  burning  with  flame,  by 
being  imbued  with  a  solution  of  sal  ammoniac. 

INCUBATION,  ARTIFICIAL.  The  Egyptians  have  from  time  immemorial  been 
accustomed  to  hatch  eggs  by  artificial  warmth,  without  the  aid  of  hens,  in  peculiar  stoves, 
called  Mammals.  The  inhabitants  of  the  village  Berme  still  travel  through  the  most 
distant  provinces  of  Egypt  at  certain  seasons  of  the  year,  with  a  portable  furnace,  heated 
by  a  lamp,  and  either  hatch  chickens  for  sale,  or  undertake  to  hatch  the  eggs  belonging 
to  the  natives  at  a  certain  rate  per  dozen.  M.  de  Reaumur  published  in  France,  about  a 
century  ago,  some  ingenious  observations  upon  this  subject ;  but  M.  Bonnemain  was  the 
first  person  who  studied  with  due  attention  all  the  circumstances  of  artificial  incubation, 
and  mounted  the  process  successfully  upon  the  commercial  scale.  So  far  back  as  1777 
he  communicated  to  the  Academy  of  Sciences  an  interesting  fact,  which  he  had  noticed, 
upon  the  mechanism  employed  by  chicks  to  break  their  shells ;  and  for  some  time  prior 
to  the  French  revolution  he  furnished  the  Parisian  market  with  excellent  poultry  at  a 
period  of  the  year  when  farmers  had  ceased  to  supply  it.  His  establishment  was  ruined 
at  that  disastrous  era,  and  no  other  has  ever  since  been  constructed  or  conducted  with 
similar  care.  As  there  can  be  no  doubt  however  of  the  practicability  and  profitableness 
of  the  scheme,  when  judiciously  managed,  I  shall  insert  a  brief  account  of  his  ingenious 
arrangements.  I  had  the  pleasure  of  making  the  acquaintance  of  this  amiable  old  man 
at  my  first  visit  to  Paris,  many  years  ago,  and  believe  all  his  statements  to  be  worthy  of 
credit.  Some  imitations  of  his  plans  have  been  made  in  this  country,  but  how  far  they 
have  succeeded,  in  an  economical  point  of  view,  it  is  difficult  to  determine.  His  appa- 
ratus derives  peculiar  interest  from  the  fact  that  it  was  founded  upon  the  principle  of  the 
circulation  of  hot  water,  by  the  intestine  motions  of  its  particles,  in  a  returning  series  of 
connected  pipes  ;  a  subject  afterwards  illustrated  in  the  experimental  researches  of  Count 
Rumford.  It  has  of  late  years  been  introduced  as  a  novelty  inlo  this  country,  and  applied 
to  warm  the  apartments  of  many  public  and  private  buildings.  The  following  details 
will  prove  that  the  theory  and  practice  of  hot  water  circulation  were  as  perfectly  under- 
stood by  M.  Bonnemain,  fifty  years  ago,  as  they  are  by  any  of  our  stove-doctors  at  the 
present  day.  They  were  then  publicly  exhibited  at  his  residence  in  Paris,  and  were 
afterwards  communicated  to  the  world  at  large  in  the  interesting  article  of  the  Diction- 
naire  Technologique,  entitled  Incubation  Ariificielle. 

The  apparatus  of^  M.  Bonnemain  consisted:  1.  of  a  boiler  and  pipes  for  the  circula 
tion  of  water;  2.  of  a  regulator  calculated  to  maintain  an  equable  temperature;  3.  of 
a  stove-apartment,  heated  constantly  to  the  degree  best  fitted  for  incubation,  which  he 
called  the  hatching  pitch.  He  attached  to  one  side  a  poussiniire  or  chick-room,  for  cher- 
ishing the  chickens  during  a  few  days  after  incubation. 

The  boiler  is  represented  in  vertical  section  and  ground  plan,  in  figs.  576  and  577. 
It  is  composed  of  a  double  cylinder  of  copper  or  cast-iron,  I  I,  having  a  grate,  b  (see 
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plan),  an  ashpit  at  i  (section).  The  water  occupies  the  shaded 
space  c,  c.  h,  g,  g,  e,  e,  are  five  vertical  flues,  for  conducting 
the  burnt  air  and  smoke,  which  first  rise  in  the  two  exterior 
flues  e,  e,  then  descend  in  the  two  adjoining  flues  g,  g,  and 
finally  re-mount  through  the  passages  i,  i,  in  the  central  flue 
h.  During  this  upwards  and  downwards  circulation,  as  shown 
by  the  arrows  in  the  section,  the  products  of  combustion  are 
made  to  impart  nearly  the  whole  of  their  heat  to  the  water  by 
which  they  are  surrounded.  At  the  commencement,  some 
burning  paper  or  wood  shavings  are  inserted  at  the  orifice  m, 
to  establish  a  draught  in  this  circuitous  chimney.  The  air  is 
admitted  into  the  ashpit  at  the  side,  in  regulated  quantities, 
through  a  small  square  door,  moveable  round  a  rod  which  runs 
horizontally  along  its  middle  line.  This  swing  valve  is  acted 
upon  by  an  expanding  bar  (see  Heat-Regulator),  which 
opens  it  more  or  less,  according  to  the  temperature  of  tbe 
stove  apartment  in  which  the  eggs  are  placed. 
D  is  the  upper  orifice  of  the  boiler,  by  which  the  hotter  and  consequently  lighter  par- 
ticles of  the  water  continually  ascend,  and  are  replaced  by  the  cooled  particles,  which 
enter  the  boiler  near  its  bottom,  as  shown  in  fig.  578,  at  r.  Into  further  details  relative 
to  the  boiler  it  is  needless  to  enter;  for  though  its  form,  as  designed  by  M.  Bonnemain, 
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is  excellent  and  most  economical  of  heat  for  a  charcoal  fire,  it  would  not  suit  one  of  pit- 
coal,  on  account  of  the  obstruction  to  the  pipes  which  would  soon  be  occasioned  by  it  soot. 


k- 


In  fig.  578  the  boiler  is  shown  at  r,  with  the  rod  which  regulates  the  air  door  of  the 
ashpit.  D  is  a  stopcock  for  modifying  the  opening  by  which  the  hotter  particles  of 
water  ascend  ;  g  is  the  water-pipe  of  communication,  having  the  heating  pipe  of  distri- 
bution attached  between  e  f,  which  thence  passes  backwtirds  and  forwards  with  a  very 
slisht  slope  from  the  horizontal  direction,  till  it  reaches  the  poussinihe  o  r  q.  It  traverses 
this  apartment,  and  returns  by  n  n  to  the  orifice  of  the  boiler  h,  where  it  turns  vertically 
downwards,  and  descends  to  nearly  the  bottom  of  the  boiler,  discharging  at  that  point 
the  cooled  and  thertfoie  denser  particles  of  water,  to  replace  those  which  continually  issue 
upwards  at  d.  l  r  is  a  tube  surmounted  with  a  funnel  for  keeping  the  range  of  pipes 
always  full  of  water ;  and  k  is  a  syphon  orifice  for  permitting  the  escape  of  the  disen- 
gaged air,  which  would  otherwise  be  apt  to  occupy  partially  the  pipes  and  obstruct  the 
aqueous  circulation. 

The  faster  the  water  gets  cooled  in  the  serpentine  tubes,  the  quicker  its  circulation 
will  be,  because  the  difference  of  density  between  the  water  at  the  top  and  bottom  of  the 
boiler,  which  is  the  sole  cause  of  its  movement,  will  be  greater,  n  represents  small  sau- 
cers filled  with  water,  to  supply  the  requisite  moisture  to  the  heated  air,  and  to  place  the 
eggs,  arranged  along  the  trays  m  m,  in  an  atmosphere  analogous  to  that  under  the  body 
of  the  hen. 

When  we  wish  to  hatch  eggs  with  this  apparatus,  the  fire  is  to  be  kindled  in  the  boiler, 
and  as  soon  as  the  temperature  has  risen  to  about  100°  F.,  the  eggs  are  introduced  ;  but 
only  one  twentieth  of  the  whole  number  intended,  upon  the  first  day;  next  day,  a  like 
number  is  laid  upon  the  trays,  and  thus  in  succession  for  twenty  days,  so  that  upon  the 
twenty-first  day  the  eggs  first  placed  may  be  hatched,  for  the  most  part,  and  we  may 
obtain  daily  afterwards  an  equal  number  of  chicks.  In  this  way,  regularif,  of  care  is 
established  in  the  rearing  of  them. 

During  the  first  days  of  incubation,  natural  as  well  as  artificial,  a  small  portion  of  the 
water  contained  in  the  eeg  evaporates  by  the  heat,  through  the  shell,  and  is  replaced  by 
a  like  quantity  of  air,  which  is  afterwards  useful  for  the  respiration  of  the  animal.  If  the 
warm  atmosphere  surrounding  the  eggs  were  very  dry,  such  a  portion  of  the  aqueous  part 
of  the  egss  would  evaporate  through  the  pores  of  the  shells  as  would  c-iidanger  the  future 
life  of  the  chick  in  ovo.  The  transpiration  from  the  body  of  the  hen,  as  she  sits  upon  her 
eggs,  counteracts  this  desiccation  in  general;  yet,  in  very  dry  weather,  many  hatching 
eggs  fail  from  that  cause,  unless  they  be  placed  in  moist  decomposing  straw.  The  water 
saucers  n  n  are  therefore  essential  to  success  in  artificial  incubation. 

After  the  chickens  are  hatched  they  are  transferred  into  the  nursery,  o  q,  on  the  front 
side  of  which  there  is  a  small  grated  trough  filled  with  millet  seed.  Small  divisions  are 
made  between  the  broods  of  successive  days,  to  enable  the  superintendent  to  vary  their 
feeding  to  their  age. 

In  order  to  supply  an  establishment  of  the  common  kind,  where  100  eggs  are  to  be 
hatched  daily,  a  dozen  of  hens  would  be  needed,  and  150  eggs  must  be  placed  under  them, 
as  only  two  thirds  in  general  succeed.  At  this  rate,  4300  mothers  would  be  required  to 
sit.  Now  supposing  we  should  collect  ten  times  as  many  hens,  or  43,000,  we  should  not 
be  able  to  command  the  above  number  of  chickens,  as  there  is  seldom  a  tenth  part  of 
hens  in  a  brooding  state.  Besides,  there  would  be  in  this  case  no  fewer  than  720  hens 
every  day  coming  out  with  a  fresh  brood  of  chickens,  which  would  require  a  regiment  of 
superintendents. 

Artificial   Incubalion   by   means  of  Hot   Mineral  Waters. — This    curious   process  is 
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clescribed  very  briefly  in  a  letter  by  M.  D'Arcet.     The  following  are  extracts  from  this 
letter  :— 

"  In  June,  1823,  I,  obtained  chickens  and  pigeons  at  Vichy,  by  artificial  incubation, 
effected  through  ihe  means  of  the  thermal  waters  of  that  place.  In  1827  I  went  to  the 
baths  of  Chaudes-Aigues,  principally  for  the  purpose  of  doing  the  same  thing  there. 
Finding  the  proprietor  a  zealous  man,  I  succeeded  in  making  a  useful  application  of  this 
source  of  heat  to  the  production  of  poultry. 

"  The  advantage  of  this  process  may  be  comprehended,  when  it  is  known  that  the 
invalids  who  arrive  at  Vichy,  for  instance  in  the  month  of  May,  find  chickens  only  the 
size  of  quails ;  whereas,  by  this  means,  they  may  be  readily  supplied  six  months  old. 

"  The  good  which  may  be  done  by  establishing  artificial  incubation  in  places  where 
hot  springs  exist  is  incalculable  ;  it  may  be  introduced  into  these  establishments  without 
at  all  interfering  with  the  medical  treatment  of  patients,  since  the  hatching  would  go 
on  in  winter,  at  a  time  when  the  baths  for  other  purposes  are  out  of  use. 

"  There  is  no  other  trouble  required  in  breeding  chickens,  by  means  of  hot  baths,  than 
to  break  the  eggs  at  the  proper  time ;  for,  when  the  apartments  are  closed,  the  whole  of 
the  interior  will  readily  acquire  a  sufficiently  elevated  and  very  constant  temperature." 

In  addition  to  these  details  by  M.  D'Arcet,  a  letter  was  received  from  M.  FeJgeris,  the 
proprietor  of  the  baths  at  Chaudes-Aigues  (Cantal),  in  which  he  describes  the  success 
he  had  in  following  JVT.  D'Arcet's  process.  This  consists  in  putting  the  eggs  into  a  small 
basket,  suspending  it  in  one  of  the  stove-rooms  heated  by  the  hot  mineral  water,  and 
turning  round  the  eggs  every  day.  The  very  first  trial  was  attended  with  success,  and 
no  failure  was  experienced  in  four  repetitions  of  it. 

INDIGO.  This  invaluable  blue  dye-stuff,  for  which  no  tolerable  substitute  has  been 
found,  was  known  to  the  ancients  as  a  pigment  under  the  name  of  indicnm,  whence  its 
present  denomination.  In  modern  Europe,  it  first  came  into  extensive  use  in  Italy,  but, 
about  the  middle  of  the  16th  century,  the  Dutch  began  to  import  and  employ  it  in  con- 
siderable quantities.  Its  general  introduction  into  the  dye-houses  of  both  England  and 
France  was  kept  back  by  absurd  laws,  founded  upon  an  opinion  that  it  was  a  fugitive 
substance,  and  even  prejudicial  to  the  fibre  of  wool.     See  Dyeing,  p.  419. 

The  plants  which  afford  this  dye-drug  grow  in  the  East  and  West  Indies,  in  the  mid- 
dle regions  of  America,  in  Africa,  and  Europe.  They  are  all  species  of  the  genera  Indi- 
go/era, Isatis,  and  Nerium. 

The  following  are  cultivated  : — hidigofera  iinctoria  affords  in  Bengal,  Malabar, 
Madagascar,  the  Isle  of  France,  and  St.  Domingo,  an  article  of  middling  quality,  but 
in  large  quantity.  The  indigo/era  disperma,  a  plant  cultivated  in  the  East  Indies 
and  America,  grows  higher  than  the  preeeding,  is  woody,  and  furnishes  a  superior 
dye  stuff.  The  Guatimala  indigo  comes  from  this  species.  Indigofera  Anil  grows  in 
the  same  countries,  and  also  in  the  West  Indies.  The  Indigofera  Argentea,  which  grows 
also  in  Africa;  it  yields  little  indigo,  but  of  an  excellent  quality.  Indigofera  Pseudo- 
tinctoria,  which  is  cultivated  in  the  East  Indies,  Airnishes  the  best  of  all  :  the  Indigofera 
Glauca  is  the  Egyptian  and  Arabian  species.  There  are  also  the  ccerulea,  cinerea  erecfa, 
hirsuta,  glabra,  and  several  others.  The  Nerium  linciorium  of  the  Eafl  Indies  affords 
some  indigo;  as  does  the  Isalis  Iinctoria,  or  Woa.d,  in  Europe;  and  the  Polygonum 
linciorium. 

The  districts  of  Kishenagar,  Jessore,  and  Moorshedabad,  in  Bengal,  ranging  from  88" 
to  90°  E.  L.  and  22^°  to  24°  N.  L.,  produce  the  finest  indigo.  That  from  the  districts 
about  Burdwan  and  Benares  is  of  a  coarser  or  harsher  grain.  Tyroot,  in  lat.  2fi°,  yields 
a  tolerably  good  article.  The  portion  of  Bengal  most  propitious  to  the  cultivation  of 
indigo  lies  between  the  river  Hoogly  and  the  main  stream  of  the  Ganges. 

In  the  East  Indies,  after  having  ploughed  the  ground  in  October,  November,  and  the 
beginning  of  December,  they  sow  the  seed  of  the  indigo  plant  in  the  last  half  of  March 
and  the  beginning  of  April,  while  the  soil,  being  neither  too  hot  nor  too  dry,  is  most  pro- 
pitious to  its  germination,  A  light  mould  answers  best ;  and  sunshine,  with  occasional 
light  showers,  are  most  favorable  to  its  growth.  Twelve  pounds  of  seeds  are  sufficient 
for  sowing  an  acre  of  land.  The  plants  grow  rapidly,  and  will  bear  to  be  cut  for  the 
first  time  at  the  beginning  of  July,  nay,  in  some  districts,  so  early  as  the  middle  of  June. 
The  indications  of  maturity  are  the  bursting  forth  of  the  flower  buds,  and  the  expansion 
of  the  blossoms;  at  which  period  the  plant  abounds  most  in  the  dyeing  principle. 
Another  indication  is  taken  from  the  leaves  ;  which,  if  they  break  across,  when  doubled 
flat,  denote  a  state  of  maturity.  But  this  character  is  somewhat  fallacious,  and  depends 
upon  the  poverty  or  richness  of  the  soil.  When  much  rain  falls,  the  plants  grow  too 
rapidly,  and  do  not  sufficiently  elaborate  the  blue  pigment.  Bright  stinshine  is  most 
advantageous  to  its  production. 

The  first  cropping  of  the  plants  is  the  best;  after  two  months  a  second  is  made ;  aflter 
another  interval,  a  third,  and  even  a  fourth ;  but  each  of  these  is  of  diminished  value. 
There  are  only  two  croppings  in  America. 
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Two  methods  are  pursued  to  extract  the  indigo  from  the  plant ;  the  first  effects  it  by 
fermentation  of  the  fresh  leaves  and  stems;  the  second,  by  maceration  of  the  dried 
leaves  ;  the  latter  process  being  most  advantageous. 

1.  From  the  recent  leaves. — In  the  indigo  factories  of  Bengal  there  are  two  large 
stone-built  cisterns,  the  bottom  of  the  first  being  nearly  upon  a  level  with  the  top  of 
the  second,  in  order  to  allow  the  liquid  contents  to  be  run  out  of  the  one  into  the  oiher. 
The  uppermost  is  called  the  fermenting  vat,  or  the  steeper ;  its  area  is  20  feet  square, 
and  its  depth  3  feet;  the  lowermost,  called  the  beater  or  beating  vat,  is  as  broad  as  the 
other,  but  one  third  longer.  The  cuttings  of  the  plant,  as  they  come  from  the  field, 
are  stratified  in  the  steeper,  till  this  be  filled  within  5  or  6  inches  of  its  brim.  In  order 
that  the  plant,  during  its  fermentation,  may  not  swell  and  rise  out  of  the  vat,  beams  of 
wood  and  twigs  of  bamboo  are  braced  tight  over  the  surface  of  the  plants,  after  which 
water  is  pumped  upon  them  till  it  stands  wiihin  three  or  four  inches  of  the  edge  of  the 
vessel.  An  active  fermentation  speedily  commences,  which  is  completed  within  14  or  15 
hours ;  a  little  longer  or  shorter,  according  to  the  temperature  of  the  air,  the  prevailing 
winds,  the  quality  of  the  water,  and  the  ripeness  of  the  plants.  Nine  or  ten  hours  after 
the  immersion  of  the  plant,  the  condition  of  the  vat  must  be  examined ;  frothy  bub- 
bles appear,  which  rise  like  little  pyramids,  are  at  first  of  a  white  color,  but  soon 
become  gray-blue,  and  then  deep  purple-red.  The  fermentation  is  at  this  time 
violent,  the  fluid  is  in  constant  commotion,  apparently  boiling,  innumerable  bubbles 
mount  to  the  surface,  and  a  copper-colored  dense  scum  covers  the  whole.  As  long  as 
the  liquor  is  agitated,  the  fermentation  must  not  be  disturbed;  but  when  it  becomes 
more  tranquil,  the  liquor  is  to  be  drawn  ofl'  into  the  lower  cistern.  It  is  of  the  utmost 
consequence  not  to  push  the  fermentation  too  far,  because  the  quality  of  the  whole  indigo 
is  deteriorated  ;  but  rather  to  cut  it  short,  in  which  case  there  is,  indeed,  a  loss  of  weight, 
but  the  article  is  better.  The  liquor  possesses  now  a  glistening  yellow  color,  which, 
when  the  indigo  precipitates,  changes  to  green.  The  average  temperature  of  the  liquor 
is  commonly  85°  Fahr. ;  its  specific  gravity  at  the  surface  is  10015;  and  at  the  bottom, 
1-003. 

As  soon  as  the  liquor  has  been  run  into  the  lower  cistern,  ten  men  are  set  to  work  to 
beat  it  with  oars,  or  shovels  4  feet  long,  called  busque/s.  Paddle  wheels  have  also  been 
employed  for  the  same  purpose.  Meanwhile  two  other  laborers  clear  away  the  compres- 
sing beams  and  bamboos  from  the  surface  of  the  upper  vat,  remove  the  exhausted  plant, 
set  it  to  dry  for  fuel,  clean  out  the  vessel,  and  stratify  fresh  plants  in  it.  The  fermented 
plant  appears  still  sreen,  but  it  has  lost  three  fourths  of  its  bulk  in  the  process,  or  from 
12  to  14  per  cent,  of  its  weight,  chiefly  water  and  extractive  matter. 

The  liquor  in  the  lower  vat  must  be  strongly  beaten  for  an  hour  and  a  half,  when  the 
indigo  begins  to  agglomerate  in  flocks,  and  to  precipitate.  This  is  the  moment  for 
judging  whether  there  has  been  any  error  committed  in  the  fermentation;  which  must 
be  corrected  by  the  operation  of  beating.  If  tl)e  fermentation  has  been  defective,  much 
froth  rises  in  the  beating,  which  must  be  allayed  with  a  little  oil,  and  then  a  reddish 
tinge  appears.  If  large  round  granulations  are  formed,  the  beating  is  continued,  in 
order  to  see  if  they  will  grow  smaller.  If  they  become  as  small  as  fine  sand,  and  if  the 
water  clears  up,  the  indiao  is  allowed  quietly  to  subside.  Should  the  vat  have  been  over 
fermented,  a  thick  fat-looking  crust  covers  the  liquor,  which  does  not  disappear  by  the 
introduction  of  a  flask  of  oil.  In  such  a  case  the  beating  must  be  moderated.  Whenever 
the  granulations  become  round,  and  begin  to  subside,  and  the  liquor  clears  up,  the  beating 
must  be  discontinued.  The  froth  or  scum  diffuses  itself  spontaneously  into  separate  minute 
particles,  that  move  about  the  surface  of  the  liquor;  which  are  marks  of  an  excessive 
fermentation.  On  the  other  hand,  a  rightly  fermented  vat  is  easy  to  work;  the  froth, 
though  abundant,  vanishes  whenever  the  granulations  make  their  appearance.  The 
color  of  the  liquor,  when  drawn  out  of  the  steeper  into  the  beater,  is  bright  green  ;  but 
as  soon  as  the  agglomerations  of  the  indigo  commence,  it  assumes  the  color  of  Madeira 
wine;  and  speedily  afterwards,  in  the  course  of  beating,  a  small  round  grain  is  formed, 
•which,  on  separating,  makes  the  water  transparent,  and  falls  down,  when  all  the  turbidity 
and  froth  vanish. 

The  object  of  the  beating  is  three-fold :  first,  it  tends  to  disengage  a  great  quantity 
of  carbonic  acid  present  in  the  fermented  liquor ;  secondly,  to  give  the  newly  develoi)ed 
indigo  its  requisite  dose  of  oxygen  by  the  most  extensive  exposure  of  its  particles  to 
the  atmosphere ;  thirdly,  to  agglomerate  the  indigo  in  distinct  flocks  or  granulations. 
In  order  to  hasten  the  precipitation,  lime-water  is  occasionally  added  to  the  fermented 
liquor  in  the  progress  of  beating,  but  it  is  not  indispensable,  and  has  been  supposed 
capable  of  deteriorating  the  indigo.  In  the  front  of  the  beater  a  beam  is  fixed  upright, 
in  which  three  or  more  holes  are  pierced  a  few  inches  in  diameter.  These  are  closed 
with  plucs  during  the  beatin?,  but,  two  or  three  hours  after  it,  as  the  indigo  subsides, 
the  upper  plug  is  withdrawn  to  run  off  the  supernatant  liquor,  and  then  the  lower 
plugs  in  succession.     The  state  of  this  liquor  being  examined,  affords  an  indication  of 
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the  success  of  boLh  the  processes.  When  the  whole  liquor  is  run  off,  a  laborer  enters 
the  vat,  sweeps  all  the  precipitate  into  one  corner,  and  empties  the  thinner  part  into  a 
spout  which  leads  into  a  cistern,  alongside  of  a  boiler,  20  feet  long,  3  feet  wide,  and  3  deep. 
When  all  this  liquor  is  once  collected,  it  is  pumped  through  a  bag  for  retaining  the 
ijnpurilics,  into  the  boiler,  and  heated  to  ebullition.  The  froth  soon  subsides,  and  shows 
an  oily  looking  film  upon  the  liquor.  The  indigo  is  by  this  process  not  only  freed  from 
the  yellow  extractive  matter,  but  is  enriched  in  the  intensity  of  its  color,  and  increased  in 
weight.  From  the  boiler  the  mixture  is  run,  after  two  or  three  hours,  into  a  general 
receiver  called  the  dripping  vat,  or  table,  which,  for  a  factory  of  twelve  pairs  of  prepara- 
tion vats,  is  20  feet  long,  10  feet  wide,  and  3  feet  deep ;  having  a  false  bottom,  2  feet 
under  the  top  edge.  This  cistern  stands  in  a  basin  of  masonry  (made  water  tight  with 
Chunam  hydraulic  cement),  the  bottom  of  which  slopes  to  one  end,  in  order  to  facilitate 
the  drainage.  A  thick  woollen  web  is  stretched  along  the  bottom  of  the  inner  vessel, 
to  act  as  a  filter.  As  long  as  the  liquor  passes  through  turbid,  it  is  pumped  back  into 
the  receiver.  Whenever  it  runs  clear,  the  receiver  is  covered  with  another  piece  of 
cloth  to  exclude  the  dust,  and  allowed  to  drain  at  its  leisure.  Next  morning  the 
drained  magma  is  put  into  a  strong  bag,  and  squeezed  in  a  press.  The  indigo  is  then 
carefully  taken  out  of  the  bag,  and  cut  with  a  brass  wire  into  bits,  about  3  inches  cube, 
which  are  dried,  in  an  airy  house,  upon  shelves  of  wicker  work.  During  the  drying,  a 
whitish  efflorescence  comes  upon  tlie  pieces,  which  must  be  carefully  removed  with  a 
brush.  In  some  places,  particularly  on  the  coast  of  Coromandel,  the  dried  indigo  lumps 
are  allowed  to  effloresce  in  a  cask  for  some  time,  and  when  they  become  hard  they  are 
wiped  and  packed  for  exportation. 

From  some  experiments  it  would  appear  that  the  gas  disengaged  during  the  middle 
period  of  the  fermentation  is  composed  in  100  parts  of  27-5  carbonic  acid,  5-8  oxygen, 
and  66-7  azote ;  and  towards  its  end,  of  40-5  carbonic  acid,  4  5  oxygen,  and  .55-0  azote. 
The  fermenting  leaves  apparently  convert  the  oxygen  of  the  atmosphere  into  carbonic 
acid  gas,  and  leave  its  azote;  besides  the  quantity  of  carbonic  acid  which  they  spon- 
taneously evolve.  Carbureted  hydrogen  does  not  seem  to  be  disengaged.  That  the 
liquor  in  the  beating  vat  absorbs  oxygen  from  the  air  in  proportion  as  the  indigo  becomes 
flocculent  and  granular,  has  been  ascertained  by  experiment,  as  well  as  that  sunshine 
accelerates  the  separation  of  the  indigo  blue.  Out  of  1000  ])arts  of  the  fermented  liquor 
of  specific  gravity  1-003,  the  blue  precipitate  may  constitute  0-75  of  a  part.  Such  a  pro- 
portion upon  the  great  scale  is  however  above  the  average,  which  is  not  more  than  0"5. 
When  lime  water  is  added,  an  extractive  matter  is  thrown  down,  which  amounts  to  from 
20  to  47  parts  in  1000  of  the  liquor.  It  has  a  dark  brown  tint,  a  viscid  appearance,  an 
unpleasant  smell,  and  a  bitter  taste.  It  becomes  moist  in  damp  air,  and  dissolves  in 
water  without  decomposition.  It  is  precipitated  by  lime,  alkalis,  infusion  of  galls,  and 
acetate  of  lead.  All  indigo  contains  a  little  lime  derived  from  the  plant,  even  though 
none  has  been  used  in  its  preparation. 

2.  Indigo  from  dried  leaves. — The  ripe  plant  being  cropped,  is  to  be  dried  in  sunshine 
from  9  o'clock  in  the  morning  till  4  in  the  afternoon,  during  two  days,  and  thrashed  to 
separate  the  stems  from  the  leaves,  which  are  then  stored  up  in  magazines  till  a  sufficient 
quantity  be  collected  for  manufacturing  operations.  The  newly  dried  leaves  must  be  free 
from  spots,  and  friable  between  the  fingers.  When  kept  dry,  the  leaves  undergo,  in  the 
course  of  4  weeks,  a  material  change,  their  beautiful  green  tint  turning  into  a  pale  blue- 
gray,  previous  to  which  the  leaves  afford  no  indigo  by  maceration  in  water,  but  subse- 
quently a  large  quantity.     Afterwards  the  product  becomes  less  considerable. 

The  following  process  is  pursued  to  extract  indigo  from  the  dried  leaves.  They  are 
infused  in  the  steeping  vat  with  six  times  their  bulk  of  water,  and  allowed  to  macerate  for 
two  hours  with  continual  stirring  till  all  the  floating  leaves  sink.  The  fine  green  liquor 
is  then  drawn  off  into  the  beater  vat,  for  if  it  stood  longer  in  the  steeper,  some  of  the  in- 
digo would  settle  among  the  leaves  and  be  lost.  Hot  water,  as  employed  by  some  manu- 
facturers, is  not  necessary.  The  process  with  dry  leaves  possesses  this  advantage,  that 
a  provision  of  the  plant  may  be  made  at  the  most  suitable  times,  injjependently  of  the 
vicissitudes  of  the  weather,  and  the  indigo  may  be  uniformly  made;  and  moreover,  that 
the  fermentation  of  the  fresh  leaves,  often  capricious  in  its  course,  is  superseded  by  a 
much  shorter  period  of  simple  maceration. 

The  process  for  obtaining  indigo  from  the  Nerium  is  altogether  the  same,  but  hot 
water  has  been  generally  applied  to  the  dried  leaves.  For  woad,  hot  water  must  be  era- 
ployed,  and  also  lime  water  as  a  precipitant,  on  account  of  the  small  proportion  of  indigo 
in  the  plant.  Dilute  muriatic  acid  is  digested  upon  the  woad  indigo  to  remove  the  lime, 
without  which  no  dye  could  be  precipitated.  According  to  the  warmth  of  the  summer 
and  the  ripeness  of  the  plant,  from  2  to  5  ounces  of  indigo  may  be  obtained  from  100 
pounds  of  the  dried  woad,  or  upon  an  average  4  ounces  to  the  hundred  weight. 

The  indigo  found  in  European  commerce  is  imported  from  Bengal,  Coi-omandel, 
Madras,  the  Mauritius,  Manilla,  and  Java  in  the  Eastern  hemisphere;  from  Senegal, 
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Caraccas,  Guatimala,  Brazil  (South  Carolina  and  Louisiana  in  small  quantity),  and  for- 
merly  from  the  West  India  islands,  especially  St.  Domingo.  Its  quality  depends  upon  the 
species  of  the  plant,  its  ripeness,  the  soil  and  climate  of  its  growth,  and  mode  of  manu- 
facture. The  East  Indian  and  Brazilian  indigo  comes  packed  in  chests,  the  Guatimala 
in  ox-hides,  called  surons. 

The  organ  which  affords  the  indigo  is  confined  entirely  to  the  pellicle  of  the  leaves,  and 
exists  in  largest  quantity  at  the  commencement  of  maturation  while  the  plant  is  in  flower. 
The  indigofera  is  remarkable  for  giving  a  blue  tinge  to  the  urine  of  cows  that  feed  upon 
its  leaves. 

According  to  some  manufacturers,  the  plants  should  be  cut  down  in  dry  weather,  an 
hour  or  two  before  sunset,  carried  off  the  field  in  bundles,  and  immediately  spread  upon 
a  dry  floor.  Next  morning  the  reaping  is  resumed  for  an  hour  and  a  half,  before  the  sun 
acts  too  powerfully  upon  vegetation  ;  and  the  plants  are  treated  in  the  same  way.  Both 
cuttings  become  sufficiently  dry  by  3  o'clock  in  the  afternoon,  so  as  to  permit  the  leaves 
to  be  separated  from  the  stems  by  thrashing.  They  are  now  thoroughly  dried  in  the 
sunshine,  then  coarsely  bruised,  or  sometimes  ground  to  powder  in  a  mill,  and  packed  up 
fur  the  operations  of  manufacture. 

In  the  spring  of  1830  I  subjected  a  variety  of  specimens  of  indigo  to  comparative 
analyses,  by  dissolving  a  few  grains  of  each  in  strong  sulphuric  acid,  diluting  the  solu- 
tions with  an  equal  volume  of  water,  and  determining  the  resulting  shade  of  color  in  a 
hollow  prism  of  plate  glass,  furnished  with  a  graduated  scale.  The  following  are  the 
results,  compared  to  the  shade  produced  by  a  like  weight  of  absolute  indigo. 

I.  East  India  Indigos ;  prices  as  at  the  last  October  sales. 


/ 

No. 

Price. 

Real  Indigo 
in  100  parts. 

Characters  by  the  Brokers.                                        i 

1 

s. 
3 

d. 
9 

42 

Broken,  middling  violet,  and  coppery  violet  spotted. 

2 

3 

6 

56-5 

Ditto,  a  little  being  coppery  violet  and  copper. 

3 

3 

3 

46-0 

Ditto,  middling  red  violet,  dull  violet  and  lean. 

4 

4 

3 

54-5 

Large  broken,  and  square,  even  middling  red  violet. 

5 

4 

2 

75-0 

Much  broken  and  very  small,  very  crumbly  and  limy,  soft, 
good  violet. 

6 

4 

9 

60-0 

Square  and  large  broken,  1  middling  violet,  and  1   good 
coppery  violet.                                                      " 

7 

5 

3 

70-0 

Large  broken,  very  good;  paste  a  little  limy,  good  violet. 

8 

6 

6 

60-0 

Square  and  large  broken,  soft,  fine  paste,  fine  violet. 

9 

6 

0 

66f 

Square,  ditto,  good  red  violet. 

10 

7 

0 

75 

Square,  ditto,  fine  purple  and  blue. 

11 

2 

3 

37-5 

Middlin?  ordinary  Madras. 

12 

3 

6 

60-0 

Good  Madras. 

13 

4 

3 

58-0 

Very  fine  ditto. 

14 

2 

2 

0 
4 

Low,  pale  Oude. 
Middline,  ordinary  Oude. 

27| 

16 

3 

3 

54 

Good  Oude. 

17 

1 

9 

29 

Lundy,  very  low  quality. 

II.  American  Indigos ;  wholesale  prices  at  present.     (March,  1830.) 


Indigo.   ■ 

No. 

Price. 

Parts 
in  100. 

Indigo. 

No. 

Price. 

Parts 
in  100. 

s.   d. 

s.   d. 

Caraccas  flor.     -•  - 

1 

6      0 

54i 

Guatimala   -    -     - 

6 

5    0 

50 

Guatimala     -    -    - 

2 

5      0 

33i 

— 

7 

5    3 

35 

^ 

3 

3     2 

19 

— 

8 

4    8 

46 



4 

4    6 

32| 

— 

9 

4    8 

33 1 

— 

5 

5    4 

50 

— 

10 

5    4 

50 

Properties  of  Indigo. — It  possesses  a  dark  blue  color,  passin?  into  violet-purple,  is  void 
of  taste  and  smell,  dull,  but  by  rubbing  with  a  smooth  hard  body,  it  assumes  the  lustre 
and  hue  of  copper.  It  occurs  sometimes  less  and  sometimes  more  dense  apparently  than 
water,  which  circumstance  depends  upon  its  freedom  from  foreisn  impurities,  as  well 
as  upon  the  treatment  of  its  paste  in  the  boilin?,  pressing,  and  drying  operations.  It 
is  insoluble  in  water,  cold    alcohol,  ether,  muriatic   acid,  dilute   sulphuric   acid,  cold 
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ethereous  and  fat  oils ;  but  boiling  alcohol  and  oils  dissolve  a  little  of  it,  which  they 
deposits  on  cooling.     Creosote  has  the  properly  of  dissolving  indigo. 

Indigo  is  a  mixture  of  several  dye-stuffs,  and  other  substances.  Berzelius  found  in  it  a 
matter  resembling  vegetable  gluten  or  gliadine,  a  brown,  red,  and  blue  pigment,  besides 
oxyde  of  iron,  clay,  lime,  magnesia,  and  silica. 

1.  Indigo  gluten  or  gliadine  is  dissolved  along  with  the  calcareous  and  magnesian  salts 
by  acids.  If  the  powder  be  treated  with  dilute  sulphuric  acid,  if  the  solution  be  saturated 
with  carbonate  of  lime,  evaporated  to  dryness,  and  its  residuum  treated  with  alcohol ;  the 
solution  thus  formed  leaves,  after  being  evaporated,  a  yellow  transparent  extract,  easily 
soluble  in  water,  more  difficultly  in  acid  liquids;  showing  that  acids  extract  only  a  portion 
of  the  gliadine  from  the  indigo.  It  yields,  by  dry  distillation,  much  ammonia,  a  fetid  oil, 
and  comports  itself  in  other  respects  like  vegetable  gluten. 

2.  Indigo-brown  occurs  in  combination  with  lime,  as  also  with  vegetable  acid  in  con- 
siderable quantity,  and  more  abundantly  in  the  coarser  sorts  of  indigo  than  in  the  finer. 
Indigo  purified  by  acids  is  to  be  treated  with  hot  strong  caustic  ley,  which  dissolves  the 
indigo-brown ;  the  liquid  part  of  the  mixture  passes  with  difficulty  through  the  filter, 
is  black-brown,  opaque,  and  holds  some  indigo-blue  in  solution,  or  diffused  in  fine  powder. 
The  alkali  being  neutralized  with  acetic  acid,  the  liquor  is  to  be  evaporated,  and  alcohol 
poured  on  the  residuum,  whereby  the  alkaline  acetate  is  dissolved  out  from  the  brown. 

This  pigment  is  a  dark  brown,  almost  black,  but  is  not  yet  entirely  deprived  of  the 
other  constituents  of  indigo.  It  is  nearly  tasteless,  is  combustible,  affords,  by  dry  distilla- 
tion, ammonia  and  fetid  oil,  forms  with  acids  combinations  hardly  soluble  in  water,  with 
alkalis  soluble  ones,  but  with  earths  hardly  soluble.  Lime  possesses  the  property  of  pre- 
cipitating the  indigo-brown  completely  from  its  alkaline  solution.  Chlorine  occasions  a 
pale  yellow  brownish  precipitate,  which  consists  of  indigo  brown  and  muriatic  acid,  but 
causes  no  further  change.  By  drying,  it  becomes  again  dark  colored.  Indigo-brown 
seems  to  exist  also  in  woad. 

3.  Indigo-red,  or  more  properly  red  resin  of  indigo.  This  may  be  obtained  by  boiling 
alcohol  of  sp.  grav.  0-830  upon  some  indigo  which  has  been  previously  treated  with  acids 
and  alkalis ;  for  the  red  substance  is  hardly  soluble  in  cold  alcohol.  The  solution  is  dark 
red,  opaque,  and  leaves,  by  distillation,  the  indigo-red  in  the  form  of  a  black-brown  pow- 
der, or  a  glistening  varnish,  slightly  soluble  in  alcohol  and  ether.  Alkalis  do  not  dissolve 
it,  but  concentrated  sulphuric  acid  forms  with  it  a  dark  yellow  dye,  from  which  water 
causes  no  precipitation ;  wool  extracts  the  color  from  the  acid  solution,  and  becomes 
of  a  dirty  brown  hue.  Chlorine  does  not  seem  capable  of  destroying  the  color,  for  though 
it  makes  it  yellow,  it  becomes  as  dark  as  ever  on  being  dried.  Indigo-red  melts  with 
heat,  burns  with  a  bright  flame,  affords,  when  heated  in  vacuo,  first  a  white  crystalline 
sublimate,  and  then  unchanged  indigo-red.  That  white  matter  is  changed  by  nitric  acid 
into  indigo-red. 

4.  Indigo-blue,  or  pure  indigo,  remains,  after  treating  the  indigo  of  commerce  with 
dilute  acid,  alkalis,  and  alcohol ;  it  retains,  however,  still  traces  of  the  matters  thereby 
extracted,  along  with  some  earthy  substances.  In  order  to  procure  indigoblue  in  its 
utmost  purity,  we  must  deoxydize  the  above  blue  residuum,  thus  form  colorless  indigo, 
which  again  acquires  a  blue  color  from  the  air,  and  constitutes  the  pure  pigment.  For 
this  purpose  the  above  moist  indigo  is  to  be  mixed  with  slaked  lime,  green  sulphate  of 
iron,  and  hot  water  in  an  air-tight  matrass.  The  indigo  when  deoxydized  by  proloxyde 
of  iron  being  soluble  in  lime-water,  the  clear  yellow  solution  is  to  be  poured  off,  and  ex- 
posed to  the  air.  The  indigo  absorbs  oxygen,  and  becomes  again  blue.  By  digestion 
with  dilute  muriatic  acid  the  foreign  matters  are  dissolved,  and  may  then  be  washed  away 
with  distilled  water,  from  the  absolute  indigo. 

The  indigo-blue  obtained  in  this  manner  has  a  cast  of  purple  red,  displaying  the 
characteristic  copper  lustre  in  a  high  degree,  but  in  powder,  it  is  blue.  It  is  void 
of  taste  and  smell,  is  by  my  experiments  of  specific  gravity  1-50,  afibrds  at  554° 
Fahr.  a  purple  vapor,  and  sublimes  in  shining  purple  scales,  or  slender  needles  in 
an  apparatus  open  to  the  air,  whereby,  however,  much  of  it  is  destroyed.  Some 
carbon  remains  after  the  sublimation.  A  quick  heat  produces  most  sublimate.  These 
needles  contain  a  brown  oily  matter,  which  may  be  dissolved  out  by  means  of  hot  alco- 
hol. Their  specific  gravity  is  1-35,  according  to  Mr.  Crum.  The  sublimate  from  com- 
mon indigo  does  not  contain  any  oil,  but  some  indigo-red  and  the  above  white  crystalline 
matter.  According  to  Mr.  Crum,  indigo-blue  consists  of  carbon,  73-22;  oxygen,  12-60; 
azote,  11-26;  hydrogen,  2-92;  while  according  to  Dumas,  crystallized  indigo  consists  of 
carbon,  73-26;  oxygen,  10-43;  azote,  13-81;  and  hydrogen,  2-50;  precipitated  indigo 
consists  of  carbon,  74-81 ;  oxygen,  7-88 ;  azote,  13-98 ;  and  hydrogen,  3-33  ;  sublimed 
indigo,  of  carbon,  71-71 ;  oxjgen,  12-18;  azote,  13-45;  hydrogen,  2-66.  My  own  ana- 
lysis afforded— carbon,  71-37  ;  oxygen,  14-25;  azote,  10-00;  hydrogen,  4-38.  In  another 
analysis  of  Dumas,  3-93  parts  of  hydrogen  were  obtained.  Hence  we  must  infer  that 
considerable  differences  exist  in  the  composition  of  iridigo  in  its  purest  stale.     Reagents 
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act  upon  it  much  as  upon  common  indigo.  Chlorine,  iodine,  and  bromine  convert  it  inlc 
a  reddish  brown  soluble  substance.  Concentrated  sulphuric  acid,  especially  the  smoking 
or  anhydrous  of  Nordhausen,  dissolves  indigo-blue  with  the  disengagement  of  heat,  but  it 
makes  it  suffer  some  modification ;  for  though  it  retains  an  intense  dark  blue  color,  it  has 
become  soluble  in  water,  and  may  be  blanched  by  light,  which  does  not  happen  with  indigo 
itself.  Nitric  acid  destroys  indigo-blue,  forms  indigotic  (carbazotic)  acid,  carbonic  acid, 
artificial  resin,  and  bitter  principle. 

Indigo-blue  may  be  reduced  by  substances  oxydized,  with  the  co-operation  of  alkalis 
or  alkaline  earths;  for  example,  by  such  substances  as  have  a  strong  affinity  for  oxygen, 
and  are  imperfectly  saturated  with  this  principle,  as  the  sulphurous  and  phosphorous 
acids  and  their  salts,  the  protoxydes  of  iron  and  manganese,  the  protoxyde  salts  of  tin, 
and  the  corresponding  compounds  of  chlorine,  as  the  proto-chloiides  of  tin  and  iron ;  and 
the  solution  of  the  former  in  potash.  When  in  these  circumstances,  in  the  presence  of 
alkali,  a  deoxydation  or  reduction  of  the  indigo-blue  takes  place,  the  other  bodies  get 
oxydized  by  absorption  of  the  oxygen  of  the  indigo-blue;  the  protoxydes  become  per- 
oxydes,  and  the  acids  in  ous  become  acids  in  ?c,  &c.  Several  metallic  sulphurets  also 
reduce  the  indigo-blue  in  the  same  predicament,  as  the  sulphurets  of  potassium,  of  cal- 
cium, of  antimony,  and  of  arsenic  (orpiment.)  A  similar  influence  is  exercised  by  fer- 
menting vegetable  substances,  such  as  woad,  madder,  bran,  raw  sugar  (molasses),  starch, 
sirup,  in  consequence  of  the  formation  of  carbonic  and  acetic  acids,  by  absorption  of  the 
oxygen  of  the  indigo-blue,  for  acetic  acid  and  acetic  salts  are  found  in  the  liquor  of  the 
■warm  blue  vat,  in  which  indigo  has  been  reduced  by  means  of  woad,  madder,  and  bran. 

Formation  of  colorless  reduced  indigo-blue,  or  indigoline. — Purified  indigo-blue  is  to 
be  treated  with  copperas  and  slaked  lime,  as  above  described  ;  or  the  clear  wine-yellow 
supernatant  liquor  of  the  cold  blue-vat  mixture  is  to  be  taken,  run  by  a  syphon  into 
a  matrass,  a  few  drops  of  concentrated  acetic  or  sulphuric  acid,  deprived  of  air,  are  to  be 
poured  into  it,  and  the  vessel,  being  made  quite  full,  is  to  be  well  corked.  The  reduced 
indigo  soon  falls  in  white  flocks,  or  crystalline  scales.  They  must  be  edulcoialed  upon 
a  filter  with  water  deprived  of  its  air  by  boiling,  then  pressed  between  folds  of  blotting- 
paper,  and  dried  under  the  receiver  in  vacuo.  Indigo-blue  may  likewise  be  reduced  and 
dissolved  by  solution  of  hydro-sulphuret  of  ammonia  ;  and  the  colorless  indigotine  maybe 
precipitated  by  muriatic  acid. 

The  reduced  indigo  is  sometimes  white  at  the  instant  of  its  elimination,  sometimes 
grayish,  of  a  silky  lustre,  but  becomes  very  readily  greenish,  blue  green,  and  blue,  in  the 
air;  in  which  case  it  absorbs,  according  to  Berzelius,  4-2  per  cent,  of  oxygen  ;  but  ac- 
cording to  Liebeg,  11-5  per  cent.  It  is  void  of  taste  and  smell,  is  insoluble  in  water; 
well  boiled  water  free  from  air  is  not  affected  by  it,  but  is  turned  blue  by  common  water. 
It  dissolves  in  alcohol  and  ether  into  a  yellow  dye;  not  in  dilute  acids,  but  in  concen- 
trated sulphuric  acid,  whereby  probably  a  portion  of  this  is  decomposed,  and  some  hypo- 
sulphurous  acid  formed ;  the  color  of  this  solution  is  blue.  Solutions  of  the  caustic  and 
carbonated  alkalis,  even  the  alkaline  earths,  readily  dissolve  reduced  indigo  into  a  wine- 
yellow  liquid;  but  in  contact  with  air,  oxygen  is  absorbed,  and  indigo-blue  falls,  while 
a  purple-colored  froth,  passing  into  copper-red,  appears  upon  the  surface,  just  as  in  the 
indigo  vats  of  the  dyer. 

The  reduced  indigo  may  be  combined,  by  means  of  complex  affinity,  with  other  bases, 
with  the  exception  of  the  oxydes  of  copper,  zinc,  and  mercury,  which  oxydize  it.  These 
combinations  are  white,  in  part  crystallizable,  become  speedily  blue  in  the  air,  and  aflbrd 
by  sublimation  indigo-blue.  Berzelius  formed  with  lime  a  two-fold  combination;  one 
easily  soluble  in  water,  and  another  difficultly  soluble,  of  a  lemon  color,  which  contained 
an  excess  of  lime;  this  is  formed  both  in  the  hot  and  the  cold  blue  vat;  in  the  latter  it  is 
occasioned  by  an  overdose  of  lime. 

When  pure  indigo-blue  is  treated  with  concentrated  sulphuric  acid,  and  particularly  with 
six  times  its  weight  of  the  smoking  dry  acid,  it  dissolves  completely,  and  several  different 
compounds  are  produced  in  the  solution.  There  is  first  a  blue  sulphate  of  indigo;  secondly, 
a  similar  compound  with  the  resulting  hyposulphurous  acid;  thirdly,  a  combination  of 
sulphuric  acid  with  the  purple  of  indigo  (called  Phaenicin  by  Crum),  a  peculiar  substance, 
generated  from  indigo-blue.  These  three  compounds  are  here  dissolved  in  an  excess  of 
sulphuric  acid.  The  more  concentrated  the  sulphuric  acid  is,  the  more  blue  hyposulphite 
is  formed.  The  solution  in  smoking  acid,  when  diluted  with  water  and  filtered,  affords  a 
considerable  precipitate  of  indigo  purple,  which  that  in  oil  of  vitriol  does  not.  The  vapor 
of  anhydrous  sulphuric  acid  combines  with  indigo-blue  into  a  purple  fluid. 

In  order  to  obtain  from  the  dark  blue  solution  each  of  these  blue  acids  in  a  pure  state, 
we  must  dilute  it  with  forty  times  its  weight  of  water,  and  immerse  in  the  filtered 
liquor,  well  washed  wool  or  flannel,  with  which  the  blue  acids  combine,  while  most  of  the 
sulphuric  acid  and  some  other  foreign  substances  remain  free  in  the  liquor.  The  wool 
must  be  then  scoured  with  water  containing  about  a  half  per  cent,  of  carbonate  of  am- 
monia, or  potash,  which  neutralizes  both  of  the  blue  acids,  and  produces  a  blue  compound, 
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This  being  evaporated  to  dryness  at  the  temperature  of  140°  F.,  alcohol  of  0"833  is  to  be 
poured  upon  the  residuum,  which  dissolves  the  blue  hyposulphite,  but  leaves  the  blue 
sulphate  undissolved.  From  either  salt,  by  precipitating  with  acetate  of  lead,  by  acting 
upon  the  precipitate  with  sulphureted  hydrogen  water,  and  evaporation,  either  of  the 
two  blue  acids  may  be  obtained.  They  may  be  both  evaporated  to  dryness,  especially 
the  blue  sulphate  of  indigo ;  they  both  become  somewhat  moist  in  the  air,  they  are  very 
soluble  in  water,  and  the  blue  sulphate  also  in  alcohol;  they  have  a  not  unpleasant  smell, 
and  an  acid  astringent  taste. 

From  these  habitudes,  particularly  in  reference  to  the  bases,  it  appears  that  indigo-blue 
does  not  comport  itself  like  a  saline  base  towards  the  acids,  but  rather  like  an  acid,  since 
it  enters  into  the  salts,  just  as  the  empyreumatic  oil  of  vinegar  and  oil  of  turpentine  do 
into  resin  soaps.  The  blue  pigment  of  both  acids  is  reduced  by  zinc  or  iron  without  the 
disengagement  of  hydrogen  gas  ;  as  also  by  sulphureted  hydrogen,  tepid  protochloride  of 
tin,  while  the  liquor  becomes  yellow. 

Indigo-blue  sulphate  of  potash,  or  ceruleo-sulphale  of  potash,  may  be  obtained  by 
extracting  the  blue  color  from  the  wool  by  water  containing  1  per  cent,  of  car- 
bonate of  potash,  evaporating  nearly  to  dryness,  treating  the  extract  with  alcohol 
to  remove  the  indigo-hlue  hyposulphiie,  then  with  acetic  acid  and  alcohol  to 
remove  any  excess  of  carbonate  of  potash.  It  is  found  in  commerce  under  the 
name  of  precipitated  indigo,  indigo  paste,  blue  carmine,  and  soluble  indigo.  To  prepare 
it  economically,  indigo  is  to  be  dissolved  in  ten  times  its  weight  of  concentrated  sulphuric 
acid ;  the  solution  after  twenty-four  hours  is  to  be  diluted  with  ten  times  its  weight  of 
water,  filtered,  and  imperfectly  saturated  with  carbonate  of  potash ;  whereby  a  blue  pow- 
der falls  down ;  for  the  resulting  sulphate  of  potash  throws  down  the  ceruleo-sulphate, 
while  the  hyposulphite  of  potash  remains  dissolved.  It  is  a  dark  blue  copper  shining 
powder,  soluble  in  140  parts  of  cold  water,  and  in  much  less  of  boiling  water.  It  is  made 
use  of  as  a  dye,  and  to  give  starch  a  blue  tint.  When  mixed  with  starch  into  cakes,  it  is 
sold  under  the  name  of  W«efor  washerwomen. 

Ceruleo-sulphate  of  ammonia  may  be  formed  in  the  same  wa}'.  It  is  much  more 
soluble  in  water.  Ceruleo-sulphate  of  lime  is  obtained  by  saturating  the  above  dilute 
acid  with  chalk,  filtering  to  separate  the  undyed  gypsum,  and  washing  with  water  till 
the  purple  color  be  extracted.  This  liquor,  evaporated  and  decomposed  by  alcohol, 
affords  a  bluish  flocky  precipitate,  which  is  more  soluble  in  water  than  common  gypsum, 
and  dries  up  in  a  purple-blue  film.  Ceruleo-sulphate  of  alumina  may  be  obtained  by 
double  affinity;  it  is  dark  blue  while  moist,  but  becomes  black-blue  by  drying,  and  is  sol- 
uble in  water. 

The  blue  present  in  all  these  salts  of  cenUine  is  destroyed  by  sunshine,  becomes  greenish- 
gray  by  caustic  alkalis ;  and  turns  immediately  yellow-brown  by  alkaline  earths.  But 
when  the  solution  is  very  dilute,  the  color  becomes  first  green,  then  yellow.  The  car- 
bonates of  alkalis  do  not  produce  these  changes.  Nitric  acid  decomposes  the  color  quickly. 
Mr.  Crum  considers  ceruline  to  be  a  combination  of  indigo-blue  with  water. 

Phenicine,  or  indigo-purple  combined  with  sulphuric  acid,  is  obtained  when  the  solution 
of  indigo-blue  in  concentrated  sulphuric  acid  has  been  diluted  for  a  few  hours  with 
water,  and  then  filtered.  It  seems  to  be  an  intermediate  body  into  which  the  indigo-blue 
passes,  before  it  becomes  soluble  ceridim.  Hence  it  occurs  in  greater  quantity  soon  after 
digesting  the  indigo  with  the  acid,  than  afterwards.  It  is  dark  blue,  dissolves  gradually 
in  water,  affords  after  evaporation  a  blue  residuum,  of  the  same  appearance  as  the  above 
blue  acids.  When  a  salt  is  added  to  it  a  purple  precipitate  ensues,  which  is  a  compound 
of  indigo-purple,  sulphuric  acid,  and  the  base  of  the  salt.  Indigo-purple  is  reduced  by 
bodies  having  a  strong  attraction  for  oxygen,  if  a  free  alkali  or  alkaline  earth  be  present, 
and  its  solution  is  yellow,  but  it  becomes  blue  in  the  atmosphere.  According  to  Mr.  Crum, 
Phenicine  contains  half  as  much  combined  water  as  ceruline. 

The  table  which  I  published  in  1830  (as  given  above)  shows  very  clearly  how  much 
the  real  quality  and  value  of  indigo  differ  from  its  reputed  value  and  price,  as  estimated 
from  external  characters  by  the  brokers.  Various  test  or  proof  processes  of  this  drug 
have  been  proposed.  That  with  chlorine  water  is  performed  as  follows.  It  is  known 
that  chlorine  destroys  the  blue  of  indigo,  but  not  the  indigo-red  or  indigo-brown,  which 
by  the  resulting  muriatic  acid  is  thrown  down  from  the  sulphuric  solution  in  flocks,  and 
the  chlorine  acts  in  the  same  way  on  the  gliadine  or  gluten  of  the  indigo.  Pure  indigo-blue 
is  to  be  dissolved  in  10  or  12  parts  of  concentrated  sulphuric  acid,  and  the  solution  is  to 
be  diluted  with  a  given  weight  of  water,  as,  for  example,  1000  parts  for  1  of  indigo-blue. 
If  we  then  put  that  volume  of  liquor  into  a  graduated  glass  tube,  and  add  to  it  chlorine 
water  of  a  certain  strength  till  its  blue  color  be  destroyed  by  becoming  first  green  and 
then  red-brown,  we  can  infer  the  quantity  of  color  from  the  quantity  of  chlorine  water 
expended  to  produce  the  effect.  The  quantity  of  real  indigo-blue  cannot,  however,  be 
estimated  with  any  accuracy  in  this  way,  because  the  other  coloring  matters  in  the  drug 
act  also  upon  the  chlorine  ;  and,  indeed,  the  indigo  itself  soon  changes  when  dissolved  in 
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sulphuric  acid,  even  out  of  access  of  light,  while  the  chlorine  water  itself  is  very  susceptible 
of  alteration.  Perhaps  a  better  appreciation  might  be  made  by  avoiding  the  sulphuric 
acid  altogether,  and  adding  the  finely  powdered  indigo  to  a  definite  volume  of  the  chlorine 
water  till  its  color  ceased  to  be  destroyed,  just  as  Prussian-blue  is  decolored  by  solution 
of  potash  in  making  the  ferro-cyanide. 

Another  mode,  and  one  susceptible  of  great  precision,  is  to  convert  10  or  100  grains 
of  indigo  finely  powdered  into  its  deoxydized  state,  as  in  the  blue  vat  by  the  proper 
quantity  of  slaked  lime  and  solution  of  green  sulphate;  then  to  precipitate  the  indigo, 
collect  and  weish  it.  The  indigo  should  be  ground  upon  a  muller  along  with  the  quick- 
lime, the  levigated  mixture  should  be  diluted  with  water,  and  added  to  the  solution  of  the 
copperas.  This  exact  analytical  process  requires  much  nicety  in  the  operator,  and  can 
hardly  be  practised  by  the  broker,  merchant,  or  manufacturer. 

Employment  of  indigo  in  dyeing.  —  As  indigo  is  insoluble  in  water,  and  as  it  can  pene- 
trate the  fibres  of  wool,  cotton,  silk,  and  flax,  only  when  in  a  slate  of  solution,  the  dyer 
must  study  to  bring  it  into  this  condition  in  the  most  complete  and  economical  manner. 
This  is  effected  either  by  exposing  it  to  the  action  of  bodies  which  have  an  affinity  for 
oxygen  superior  to  its  own,  such  as  certain  metals  and  metallic  oxydes,  or  by  mixing  it 
with  fermenting  matters,  or,  finally,  by  dissolving  it  in  a  strong  acid,  such  as  the  sulphuric. 
The  second  of  the  above  methods  is  called  the  warm  blue,  or  pastel  vat ;  and  being  the 
most  intricate,  we  shall  begin  with  it. 

Before  the  substance  indigo  was  known  in  Europe,  woad  having  been  used  for  dyeing 
blue,  gave  the  name  of  woad  vats  to  the  apparatus.  The  vats  are  sometimes  made  of 
copper,  at  other  times  of  iron  or  wood,  the  last  alone  being  well  adapted  for  the  employ- 
ment of  steam.  The  dimensions  are  very  variable;  but  the  following  may  be  considered 
as  the  average  size  :  depth,  7|  feet ;  width  below,  4  feet,  above,  5  feet.  The  vats  are 
built  in  such  a  way  that  the  fire  does  not  affect  their  bottom,  but  merely  their  sides  half 
way  up ;  and  they  are  sunk  so  much  under  the  floor  of  the  dyehouse,  that  their  upper 
half  only  is  above  it,  and  is  surrounded  with  a  mass  of  masonry  to  prevent  the  dissipation 
of  the  heat.  About  3  or  3|  feet  under  the  top  edge  an  iron  ring  is  fixed,  called  the 
champagne  by  the  French,  to  which  a  net  is  attached  in  order  to  suspend  the  stuffs  out 
of  contact  of  the  sediment  near  the  bottom. 

In  mounting  the  vat  the  following  articles  are  required  :  1.  woad  prepared  by  fermen- 
tation, or  woad  merely  dried,  which  is  better,  because  it  may  be  made  to  ferment  in  the 
vat,  without  the  risk  of  becoming  putrid,  as  the  former  is  apt  to  do  ;  2.  indigo,  previously 
ground  in  a  proper  mill ;  3.  madder ;  4.  potash ;  5.  slaked  quicklime ;  6.  bran.  In 
France,  weld  is  commonly  used  instead  of  potash. 

The  indigo  mill  is  represented  in  figs.  579  and  580.  a  is  a  four-sided  iron  cistern, 
579  580 


cylindrical  or  rounded  in  the  bottom,  which  rests  upon  gudgeons  in  a  wooden  frame  ;  it 
has  an  iron  lid  b,  consisting  of  two  leaves,  between  which  the  rod  c  moves  to  and  fro, 
receiving  a  vibratory  motion  from  the  crank  d.  By  this  construction,  a  frame  e,  which 
is  made  fast  in  the  cistern  by  two  points  e  e,  is  caused  to  vibrate,  and  to  impart  its  swing 
movement  to  six  iron  rollers///,  three  being  on  each  side  of  the  frame,  which  triturate 
the  indigo  mixed  with  water  into  a  fine  paste.  Whenever  the  paste  is  uniformly  ground, 
it  is  drawn  off  by  the  stopcock  g,  which  had  been  previously  filled  up  by  a  screwed  plug, 
to  prevent  any  of  the  indigo  from  lodging  in  the  orifice  of  the  cock,  and  thereby  escaping 
the  action  of  the  rollers.     The  cistern  is  nearly  three  feet  long. 

The  vat  being  filled  with  clear  river  water,  the  fire  is  to  be  kindled,  the  ingredients 
introduced,  and  if  fermented  woad  be  employed,  less  lime  is  needed  than  with  the  merely 
dried  plant.  Meanwhile  the  water  is  to  be  healed  to  the  temperature  of  160°  Fahr., 
and  maintained  at  this  pitch  till  the  deoxydizement  and  solution  of  the  indigo  begin 
to  show  themselves,  which,  according  to  the  state  of  the  constituents,  may  happen  in  12 
hours,  or  not  till  after  several  days.     The  first  characters  of  incipient  solution  are  blie 
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bubbles,  called  the  flowers,  which  rise  upon  the  surface,  and  remain  like  a  head  of  soap- 
suds for  a  considerable  time  before  they  fall ;  then  blue  coppery  shining  veins  appear  with 
a  like  colored  froth.  The  hue  of  the  liquor  now  passes  from  blue  to  green,  and  an 
ammoniacal  odor  begins  to  be  exhaled.  Whenever  the  indigo  is  completely  dissolved, 
an  acetic  smelling  acid  may  be  recognised  in  the  vat,  which  neutralizes  all  the  alkali, 
and  may  occasion  even  an  acid  excess,  which  should  be  saturated  with  quicklime.  The 
lime  for  doing  this  cannot  be  in  general  very  exactly  defined.  When  quicklime  has  been 
added  at  the  beginning  in  sufficient  quantity,  the  liquor  appears  of  a  pale  wine-yellow 
color,  but  if  not,  it  acquires  this  tint  on  the  subsequent  introduction  of  the  lime. 
Experience  has  not  hitherto  decided  in  favor  of  the  one  practice  or  the  other. 

As  soon  as  this  yellow  color  is  formed  in  the  liquor,  and  its  surface  becomes  blue, 
the  vat  is  ready  for  the  dyer,  and  the  more  lime  it  takes  up  without  being  alkaline,  the 
better  is  its  condition.  The  dyeing  power  of  the  vat  may  be  kept  up  during  six  months, 
or  more,  according  to  the  fermentable  property  of  the  woad.  From  time  to  time,  madder 
and  bran  must  be  added  to  it,  to  revive  the  fermentation  of  the  sediment,  along  with  some 
indigo  and  potash,  to  replace  what  may  have  been  abstracted  in  the  progress  of  dyeing. 
The  quantity  of  indigo  must  be  proportional,  of  course,  to  the  depth  or  lightness  of  the 
tints  required. 

During  the  operation  of  this  blue  vat  two  accidents  are  apt  to  occur ;  the  first,  which 
is  the  more  common  one,  is  called  the  throwing  back,  in  French,  the  cuve  rebuie,  and  in 
German,  the  Scharf  or  Schwartzxverden  (the  becoming  sharp  or  black);  the  second  is 
the  putrefaction  of  the  ingredients.  Each  is  discoverable  by  its  peculiar  smell,  which  it 
is  impossible  to  describe.  The  first  is  occasioned  by  the  employment  of  too  much  quick- 
lime, whereby  the  liquor  becomes  neutral  or  even  alkaline.  This  fault  may  be  recog- 
nised by  the  fading  of  the  sreen,  or  by  the  dark  green,  or  nearly  black  appearance  of  the 
liquor  ;  and  by  a  dull  blue  fioth,  owing  to  a  film  of  lime.  The  remedy  for  a  slight  degree 
of  this  vicious  condition,  is  to  suspend  in  the  liquor  a  quantity  of  bran  tied  up  in  a  bag, 
and  to  leave  it  there  till  the  healthy  state  be  restored.  Should  the  evil  be  more  invete- 
rate, a  decoction  of  woad,  madder,  and  bran  must  be  introduced.  Strong  acids  are  rather 
detrimental.  Sulphate  of  iron  has  been  recommended,  because  its  acid  precipitates  the 
.isne,  while  its  oxyde  reduces  the  indigo  to  the  soluble  state. 

The  decomposition  or  putrefaction  of  the  blue  vat  is  an  accident  the  reverse  of  the 
preceding,  arising  from  the  transition  of  the  acetous  into  the  putrid  fermentation,  whereby 
the  dyeing  faculty  is  destroyed.  Such  a  misfortune  can  happen  only  towards  the  com- 
mencement of  working  the  vat,  whilst  the  woad  is  still  powerful,  and  very  little  indigo 
has  been  dissolved.  Whenever  the  vat  is  well  charged  with  indigo,  that  accident  cannot 
easily  supervene.  In  both  of  these  distemperatures  the  elevation  of  the  temperature  of 
the  vat  aggravates  the  evil. 

Dyeing  in  the  blue  vat  is  performed  as  follows  : — 

Wool  is  put  into  a  net,  and  pressed  down  into  the  liquor  with  rods;  but  cloth  is  smoothly 
stretched  and  suspended  by  hooks  upon  frames,  which  are  steadily  dipped  into  the  vat, 
with  slight  motions  through  the  liquor ;  yarn-hanks  must  be  dipped  and  turned  about  by 
hand.  All  unnecessary  stirring  of  the  liquor  must  however  be  avoided,  lest  the  oxygen 
of  the  atmosphere  be  brought  too  extensively  into  contact  with  the  reduced  indigo,  for 
which  reason  mechanical  agitation  with  rollers  in  the  vat  is  inadmissible.  The  stuffs  to 
be  dyed  take  at  the  first  dip  only  a  feeble  color,  though  the  vat  be  strong,  but  they  must 
be  deepened  to  the  desired  shade  by  successive  immersions  of  fifteen  minutes  or  more  each 
time,  with  intervals  of  exposure  to  the  air,  for  absorption  of  its  oxygen. 

After  the  lapse  of  a  certain  time,  if  the  fermentative  power  be  impaired,  which  is  re- 
cognised by  the  dye  stuffs  losing  more  color  in  a  weak  alkaline  test  ley  than  they  ought, 
the  vat  should  be  used  up  as  far  as  it  will  go,  and  then  the  liquor  should  be  poured  away, 
for  the  indigo  present  is  not  in  a  reduced  slate,  but  merely  mixed  mechanically,  and 
therefore  incapable  of  forming  a  chemical  combination  with  textile  fibres.  If  cotton 
goods  previously  treated  with  an  alkaline  ley  are  to  be  dyed  blue,  the  vat  should  coniain 
very  liitle  lime. 

Theory  of  the  Indigo  vat. — The  large  quantity  of  extractive  matter  in  woad  and 
madder,  as  also  the  sugar,  starch,  and  gluten,  in  the  bran  and  woad,  when  dissolved 
in  warm  water,  soon  occasion  a  fermentation,  with  an  absorption  of  oxygen  from  the 
air,  but  especially  from  the  indigo  of  the  woad,  and  from  that  introduced  in  a  finely 
ground  state.  AVhen  thus  disoxygenated,  it  becomes  soluble  in  alkaline  menstrua;  the 
red-brown  of  the  indigo  being  dissolved  at  the  same  time.  When  lime  is  added,  the 
indigo-blue  dissolves,  and  still  more  readily  if  a  little  potash  is  conjoined  with  it;  but 
whatever  indigo-brown  may  have  been  dissolved  by  the  potash,  is  thrown  down  by  the  lime. 
Lime  in  too  large  a  quantity, -however,  forms  an  insoluble  combination  with  the  reduced 
indigo,  and  thus  makes  a  portion  of  the  dye  ineffective;  at  the  same  time  it  combines 
with  the  extractive.  In  consequence  of  the  fermentative  action,  carbonic  acid,  acetic 
acid,  and  ammonia  are  disengaged ;  the  first  two  of  which  neutralize  a  portion  of  the  lime, 
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and  require  small  quantities  of  this  earth  to  be  added  in  succession  ;  hence  also  a  con- 
siderable quantity  of  the  carbonate  of  lime  is  found  as  a  deposite  on  the  sides  and  bottom 
of  the  vat.  In  the  sound  condition  of  the  indigo  vat,  no  free  lime  sliould  be  perceived, 
but  on  the  contrary  a  free  acid.  Yet  when  the  disengaged  carbonic  and  acetic  acids  sat- 
urate the  lime  completely,  no  indigo  can  remain  at  solution ;  therefore  a  sufficient  supply 
of  lime  must  always  be  left  to  dissolve  the  dye,  otherwise  the  indigo  would  fall  down 
and  mix  with  the  extractive  matter  at  the  bottom.  Goods  dyed  in  the  blue  vat  are  occa- 
sionally brightened  by  a  boil  in  a  logwood  bath,  with  a  mordant  of  sulpho-muriate  of  tin, 
or  in  a  bath  of  cudbear. 

Another  mode  of  mounting  the  indigo  vat  without  woad  and  lime,  is  by  means  of  mad- 
der, bran,  and  potash.  The  water  of  the  vat  is  to  be  heated  to  the  temperature  of  122° 
F. ;  atid  for  120  cubic  feet  of  it,  12  pounds  of  indigo,  8  pounds  of  madder,  and  as  much 
bran,  are  to  be  added,  with  24  pounds  of  good  potashes;  at  the  end  of  36  hours,  12 
pounds  more  of  potash  are  introduced,  and  a  third  12  pounds  in  other  12  hours.  In 
the  course  of  72  hours,  all  the  characters  of  the  reduction  and  solution  of  the  indigo 
become  apparent ;  at  which  time  the  fermentation  must  be  checked  by  the  addition  of 
quicklime.  The  liquor  has  a  bright  full  color,  with  a  beautiful  rich  froth.  In  feeding 
the  vat  with  indigo,  an  equal  weight  of  madder,  and  a  double  weight  of  potash,  should 
be  added.  The  odor  of  this  vat,  in  its  mild  but  active  state,  is  necessarily  different  from 
that  of  the  woad  vat,  as  no  ammonia  is  exhaled  in  the  present  case,  and  the  sediment  is 
much  smaller.  The  reduced  indigo  is  held  in  solution  by  the  carbonated  potash,  while 
the  small  addition  of  quicklime  merely  serves  to  precipitate  the  indigo-brown. 

A  potash  vat  dyes  in  about  half  the  time  of  the  ordinary  warm  vat,  and  penetrates 
fine  cloth  much  better ;  while  the  goods  thus  dyed  lose  less  color  in  alkaline  and  soap 
solutions.  This  vat  may  moreover  be  kept  with  ease  in  good  condition  for  several 
months ;  is  more  readily  mounted  ;  and  from  the  minute  proportion  of  lime  present,  it 
cannot  impair  the  softness  of  the  woollen  fibres.  It  is  merely  a  little  more  expensive. 
It  is  said  that  cloth  dyed  in  the  potash  indigo  vat,  requires  one  third  less  soap  in  the 
washing  at  the  fulling  mill,  and  does  not  soil  the  hands  after  being  dressed.  At  Elbeuf 
and  Louviers,  in  France,  such  vats  are  much  employed.  Wool,  silk,  cotton,  and  linen, 
may  all  be  dyed  in  them. 

Cold  vats. — The  copperas  or  common  blue  vat  of  this  country  is  so  named  because  the 
indigo  is  reduced  by  means  of  the  protoxyde  of  iron.  This  salt  should  therefore  be  as 
free  as  possible  fiom  the  red  oxyde,  and  especially  from  any  sulphate  of  copper,  which 
would  re-oxydize  the  indigo.  The  necessary  ingredients  are:  copperas  (green  sulphate 
of  iron),  newly  slaked  quicklime,  finely  ground  indigo,  and  water;  to  which  sometimes 
a  little  potash  or  soda  is  added,  with  a  proportional  diminution  of  the  lime.  The  opera- 
tion is  conducted  in  the  following  way  :  the  indigo,  well  triturated  with  water  or  an  alka- 
line ley,  must  be  mixed  with  hot  water  in  the  preparation  vat,  then  the  requisite  quantity 
of  lime  is  added,  after  which  the  solution  of  copperas  must  be  poured  in  with  stirring. 
Of  this  preparation  vat,  such  a  portion  as  may  be  wanted  is  laded  into  the  dyeing  vat. 
For  one  pound  of  indigo  three  pounds  of  copperas  are  taken,  and  four  pounds  of  lime 
(or  1  of  indigo,  2^  of  copperas,  and  3  of  lime).  If  the  copperas  be  partially  peroxydized, 
somewhat  more  of  it  must  be  used. 

A  vat  containing  a  considerable  excess  of  lime  is  called  a  sharp  vat,  and  is  not  well 
adapted  for  dyeins.  A  soft  vat,  on  the  contrary,  is  that  which  contains  too  much  cop- 
peras. In  this  case  the  precipitate  is  apt  to  rise,  and  to  prevent  uniformity  of  lint  in  the 
dyed  goods.  The  sediment  of  the  copperas  vat  consists  of  sulphate  of  lime,  oxyde  of 
iron,  lime  with  indigo  brown,  and  lime  with  indiso  blue,  when  too  much  quicklime  has 
been  employed.  The  clear,  dark  wine  yellow  fluid  contains  indigo  blue  in  a  reduced  state, 
and  indigo  red,  both  combined  with  lime  and  with  the  gluten  of  indigo  dissolved.  After 
using  it  for  some  time  the  vat  should  be  refreshed  or  fed  with  copperas  and  lime,  upon 
which  occasion  the  sediment  must  first  be  stirred  up,  and  then  allowed  time  to  settle 
again  and  become  clear.  For  obtaining  a  series  of  blue  tints,  a  series  of  vats  of  diil'erent 
strengths  is  required. 

Linen  and  cotton  yarn,  before  being  dyed,  should  be  boiled  with  a  weak  alkaline  ley, 
then  put  upon  frames  or  tied  up  in  hanks,  and  after  removing  the  froth  from  the  vat, 
plunged  into  and  moved  gently  through  it.  For  pale  blues,  an  old,  nearly  exhausted 
vat  is  used  ;  but  for  deep  ones,  a  fresh,  nearly  saturated  vat.  Cloth  is  stretched  upon  a 
proper  square  dipping  frame  made  of  wood,  or  preferably  of  iron,  furnished  with  sharp 
hooks  or  points  of  attachment.  These  frames  are  suspended  by  cords  over  a  pulley,  and 
thus  immersed  and  lifted  out  alternately  at  proper  intervals.  In  the  course  of  8  or  10 
minutes,  the  cloth  is  sufficiently  saturated  with  the  solution  of  indigo,  after  which  it  is 
raised  and  suspended  so  as  to  drain  into  the  vat.  The  number  of  dippings  determines 
the  depth  of  the  shade;  after  the  last,  the  goods  are  allowed  to  dry,  taken  off  the  frame, 
plunged  into  a  sour  bath  of  very  dilute  sulphuric  or  muriatic  acid,  to  remove  the  adher- 
ing lime,  and  then  well  rinsed  in  running  water.     Instead  of  the  dipping  frames,  some 


INDIGO. 


681 


dyers  use  a  peculiar  roller  apparatus,  called  gallopers,  similar  to  what  has  been  described 
under  Calico  Printing  ;  particularly  for  pale  blues.  This  cold  vat  is  applicable  to 
cotton,  linen,  and  silk  goods. 

When  white  spots  are  to  appear  upon  a  blue  ground,  resist  pastes  are  to  be  used,  as 
described  under  Calico  Printing. 

The  urine  vat  is  prepared  by  digestion  of  the  ground  indigo  in  wanned  stale  urine, 
which  first  disoxygenates  the  indigo,  and  then  dissolves  it  by  means  of  its  ammonia. 
Madder  and  alum  are  likewise  added,  the  latter  being  of  use  to  moderate  the  fermenta- 
tion. This  vat  was  employed  more  commonly  of  old  than  at  present,  for  the  purpose  of 
dyeing  woollen  and  linen  goods. 

The  mode  of  making  the  China  blue  dye  has  been  described  under  Calico  Printing  ; 
as  well  as  the  pencil  blue,  or  blue  of  application. 

A  blue  dye  may  likewise  be  given  by  a  solution  of  indigo  in  sulphuric  acid.  This  pro- 
cess was  discovered  by  Barth,  at  Grossenhayn,  in  Saxony,  about  the  year  1740,  and  is 
hence  called  the  Saxon  blue  dye.  The  chemical  nature  of  this  process  has  beea  already 
fully  explained.  If  the  smoking  sulphuric  acid  be  employed,  from  4  to  5  parts  are  suffi- 
cient for  1  of  indigo  ;  but  if  oil  of  vitriol,  from  7  to  8  parts.  The  acid  is  to  be  poured 
into  an  earthenware  pan,  which  in  summer  must  be  placed  in  a  tub  of  cold  water,  to  pre- 
vent it  getting  hot,  and  the  indigo,  in  fine  powder,  is  to  be  added,  with  careful  stirring, 
in  small  successive  portions.  If  it  becomes  heated,  a  part  of  the  indigo  is  decom- 
posed, with  the  disengagement  of  sulphurous  acid  gas,  and  indigo  green  is  produced. 
Whenever  all  the  indigo  has  been  dissolved,  the  vessel  must  be  covered  up,  allowed  to 
stand  for  48  hours,  and  then  diluted  with  twice  its  weight  of  clear  river  water. 

The  undiluted  mass  has  a  black  blue  color,  is  opaque,  thick,  attracts  water  from  the 
air,  and  is  called  indigo  composition,  or  chemic  blue.  It  must  be  prepared  beforehand, 
and  kept  in  store.  In  this  solution,  besides  the  cerulin,  there  are  also  indigo-red,  indigo- 
brown,  and  gluten,  by  which  admixture  the  pure  blue  of  the  dye  is  rendered  foul,  as- 
suming a  brown  or  a  green  cast.  To  remove  these  contaminations,  wool  is  had  recourse 
to.  This  is  plunged  into  the  indigo  previously  diffused  through  a  considerable  body  of 
water,  brought  to  a  boiling  heat  in  a  copper  kettle,  and  then  allowed  to  macerate  as  it 
cools  for  24  hours.  The  wool  takes  a  dark  blue  dye  by  absorbing  the  indigo-blue  sulphate 
and  hyposulphite,  while  at  the  same  time  the  liquor  becomes  greenish  blue ;  and  if  the 
wool  be  left  longer  immersed,  it  becomes  of  a  dirty  yellow.  It  must  therefore  be  taken 
out,  drained,  washed  in  running  water  till  this  runs  ofl"  colorless,  and  without  an  acid 
taste.  It  must  next  be  put  into  a  copper  full  of  water,  containing  one  or  two  per  cent, 
of  carbonate  of  potash,  soda,  or  ammonia  (to  about  one  third  the  weight  of  the  indigo), 
and  subjected  to  a  boiling  heat  for  a  quarter  of  an  hour.  The  blue  salts  forsake  the 
wool,  leaving  it  of  a  dirty  red-brown,  and  dye  the  water  blue.  The  wool  is  in  fact  dyed 
with  the  indigo-red,  which  is  hardly  soluble  in  alkali.  The  blue  liquor  may  now  be  em- 
ployed as  a  fine  dye,  possessed  of  superior  tone  and  lustre.  It  is  called  distilled  blue  and 
soluble  blue.  Sulphuric  acid  throws  down  from  it  the  small  quantity  of  indigo-red  which 
had  been  held  in  solution  by  the  alkali. 

When  wool  is  to  be  dyed  with  this  sulphate  of  indigo-blue,  it  must  be  first  boiled  in 
alum,  then  treated  with  the  blue  liquor,  and  thus  several  times  alternately,  in  order  to 
produce  a  uniform  blue  color.  Too  long  continuance  of  boiling  is  injurious  to  the 
beauty  of  the  dye.  In  this  operation  the  woollen  fibres  get  impregnated  with  the  indigo- 
blue  sulphate  of  alumina. 

With  sulphate  of  indigo,  not  only  blues  of  every  shade  are  dyed,  but  also  green,  olive, 
gray,  as  also  a  fast  ground  to  logwood  blues ;  for  the  latter  purpose  the  preparatory  boil 
is  given  with  alum,  tartar,  sulphates  of  copper  and  iron,  and  the  blue  solution ;  after 
which  the  goods  are  dyed  up  with  a  logwood  bath  containing  a  little  potash. 

Statistical  Tables  of  Indigo  ;  per  favor  of  James  Wilkinson,  Esq., 
of  Leadenhall  Street. 


East  India  Indigo. 

Years. 

Produce  in  India. 

Consumption  of 
the  World  ;   ave- 
rage, 4  years. 

Stock  in  England 
31st  December. 

Highest  Price. 

Good  middling 
Violet. 

Per  lb. 

Chests. 

Chests. 

Chests. 

S.    d. 

s.  d.         s.  d. 

1811 

21,000 

22,200 

26,900 

10     6 

5    6         6    0 

1812 

23,500 

22,500 

29,500 

11     6 

6    9         7    3 

1813 

22,800 

22,800 

24,500 

15     5 

9    0         9    6 

1814 

28,500 

23,000 

24,900 

13     0 

7    9         8    3 

1815 

30,500 

23,200 

30,400 

11     0 

6    9        7    6 

1816 

25,000 

26,900 

25,700 

10     0 

5    0         5    6  1 
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East  India  Indigo. — Confimied. 


Years. 

Produce  in  India. 

Consumption  of 
the  World  ;   ave- 

Stock  in  England 
31st  December. 

Highest  Price. 

Good  middling 
Violet. 

1817 

20,500 

27,000 

23,500 

10 

0 

7 

3 

7     9 

1818 

19,100 

26,500 

24,000 

9 

3 

6 

9 

7     3 

1819 

20,700 

26,400 

19,700 

8 

6 

5 

6 

6     0 

1820 

27,200 

24,200 

14,500 

9 

0 

6 

3 

6     9 

1821 

21,100 

25,300 

9,800 

11 

6 

8 

6 

9     0  1 

1822 

25,700 

26,000 

8,200 

12 

0 

9 

0 

9     6 

1823 

29,800 

25,300 

13,100 

10 

0 

7 

3 

7     9 

1824 

24,100 

26,500 

12,200 

15 

0 

12 

0 

12     6 

1825 

43,500 

23,500 

16.400 

15 

6 

12 

0 

12     6 

1826 

28,000 

27,300 

22,300 

11 

3 

7 

6 

7     9 

1827 

45,300 

28,900 

22,800 

12 

6 

H 

0 

8     6 

1828 

30,000 

31,000 

31,100 

10 

0 

6 

3 

6     6 

1829 

43,200 

33,000 

31,200 

8 
Years. 

9 

5 

3 

5     9  i 

i 

1830-1 

32,100 

32,800 

37,600 

1831     7 

9 

4 

3 

4     9  1 

1831-2 

32,500 

34,500 

35,700 

18.32     6 

3 

4 

3 

4     6 

1832-3 

35,200 

3.5,500 

32,500 

1833     6 

0 

4 

2 

4     4 

1833-4 

27,100 

34,600 

35,800 

1834     8 

0 

6 

3 

6     6 

1834-5 

30,500 

33,800 

29,319 

1835     7 

0 

5 

3 

5     6 

1835-6 

32,600 

34,700 

21,449 

1836     6 

3 

4 

9 

5     0 

1836-7 

- 

32,600 

26,219 

1837     8 

9 

6 

9 

7     0 

East  India  and  Spanish,  &,c.  Indigo. 


r   ■ 

Y'ears. 

Importations. 

Exported. 

Home  Consumption. 

East  India. 

Spanish,  &c. 

1 

lbs. 

lbs. 

lbs. 

/6*, 

1785 

154,291 

1,5.39,218 

584,885 

1786 

253,345 

1,724,945 

466,696 

1787 

364,046 

1,514,784 

502,800 

1788 

622,69 1 

1,473,920 

445,857 

1789 

371,469 

1,594,618 

673,630 

1790 

531,619 

1,307,088 

821,131 

1791 

465,198 

1,141.589 

870,185 

1792 

581,827 

1,274,538 

880,951 

1793 

990,766 

1,066,817 

929,707 

1794 

1,403,650 

1,487,642 

1,623,908 

1795 

2,862,684 

1,424,941 

1,387,171 

1796 

3,897,120 

680,915 

1,883,320 

1797 

1,754,233 

535,845 

3,105,610 

1798 

3,862,188 

192,060 

1,718,624 

1799 

2,529,377 

512,459 

2,585,755 

1800 

2,674.317 

1,076,417 

2,586,833 

1801 

2,123,637 

827,696 

2,281,812 

1802 

2,264,199 

669,679 

1,961,346 

1803 

2,632,110 

522,825 

1,130,194 

1804 

2,765,871 

395,258 

1,523,095 

1805 

4,666,292 

687,319 

1,845,035 

1806 

2,612,181 

319,394 

2,904,614 

1807 

5,326,032 

715,809 

2,006,463 

1808 

5,314,860 

477,625 

1,568,351 

1809 

2,179,083 

674,048 

3,179,861 

1810 

5,243,613 

883,061 

2,485,679 

1811 

4,453,932 

658,577 

1,566,056 

1812 

4,461,793 

354,171 

1,853,916 

1813 

Accounts  destr 

oyed  by  Fire  at 

Custom  House. 

1814 

6,803,064 

328,881 

5,501,851 

3,406,282 

1815 

5,543,852 

79,253 

4,278,674 

2,774,091 

1816 

7,247,227 

39,275 

4,214,454 

1,899,819 

1817 

5,001,280 

1.34,313 

2,427,443 

2,377,659 

1818 

5,497,768 

187,257 

2,963,462 

2,302.163 

INK. 
East  India  and  Spanish,  &c.  Indigo. — Continued. 
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Importations. 

! 

Years. 

East  India. 

Spanish,  &c. 

Exported. 

Home  Consumption. 

1819 

3,689,052 

129,682 

3,126,739 

2,033,601 

1820 

4,924,222 

161,164 

4,378,857 

2,288,196 

1821 

3,943,592 

119,517 

2,985,364 

1,959,509 

1822 

2,549,284 

374,230 

2,378,948 

2,004,062 

1823 

6,557,296 

664,408 

2,783,504 

2,322,221 

1824 

4,595,707 

485,110 

2,795,740 

2,493,350 

1825 

6,233,335 

560,296 

3,870,929 

2,381,233 

..1826 

7,699,439 

386,312 

4,365,163 

1,901,047 

1827 

5,404,811 

662,936 

3,315,675 

2,399,365 

1828 

9,683,626 

229,384 

4,588,658 

3,064,915 

1829 

5,978,527 

769,757 

4,286,605 

2,113,830 

1830 

7,920,924 

295,516 

4,686,784 

2,676,945 

1831 

7,004,510 

290,089 

4,374,241 

2,490,134 

1832 

6,221,725 

131,340 

5,346,725 

2,395,653 

1833 

6,304,016 

331,016 

3,664,814 

2,323,300 

1834 

3,798,144 

357,152 

3,928,226 

2,447,827 

1835 

3,986,233 

'       183,480 

4,074,598 

2,606,772 

1836 

6,753,898 

418,800 

3,691,951 

2,864,274 

1837 

5,872,601  • 

673,270 

3,587,561 

2,240,451 

INDIAN  RUBBER  is  the  vulgar  name  of  caoutchouc  in  this  country. 
INK  (Encre,  Fr. ;  Tinte,  Germ.)  is  a  colored  liquid  for  writing  on  paper,  parchment, 
linen,  &c.  with  a  pen. 

Black  ink. — Nutgalls,  sulphate  of  iron,  and  gum,  are  the  only  substances  truly  useful 
in  the  preparation  of  ordinary  ink;  the  other  things  often  added  merely  modify  the  shade, 
and  considerably  diminish  the  cost  to  the  manufacturer  upon  the  great  scale.  Many  of 
these  inks  contain  little  gallic  acid,  or  tannin,  and  are  therefore  of  inferior  quality.  To 
make  12  gallons  of  ink,  we  may  take — 

12  pounds  of  nutgalls, 

5  pounds  of  green  sulphate  of  iron,  « 

5  pounds  of  gum  senega), 
12  gallons  of  water. 

The  bruised  nutgalls  are  to  be  put  into  a  cylindrical  copper,  of  a  depth  equal  to  its 
diameter,  and  boiled,  during  three  hours,  with  three  fourths  of  the  above  quantity  of 
water,  taking  care  to  add  fresh  water  to  replace  what  is  lost  by  evaporation.  The 
decoction  is  to  be  emptied  into  a  tub,  allowed  to  settle,  and  the  clear  liquor  being 
drawn  off,  the  lees  are  to  be  drained.  Some  recommend  the  addition  of  a  little  bullock's 
blood  or  white  of  egg,  to  remove  a  part  of  the  tannin.  But  this  abstraction  tends  to  lessen 
the  product,  and  will  seldom  be  practised  by  the  manufacturer  intent  upon  a  large  return 
for  his  capital.  The  gum  is  to  be  dissolved  in  a  small  quantity  of  hot  water,  and  the 
mucilage  thus  formed,  being  filtered,  is  added  to  the  clear  decoction.  The  sulphate  of 
iron  must  likewise  be  separately  dissolved,  and  well  mixed  with  the  above.  The  color 
darkens  by  degrees,  in  consequence  of  the  peroxydizement  of  the  iron,  on  exposing  the 
ink  to  the  action  of  the  air.  But  ink  affords  a  more  durable  writing  when  used  in  the 
pale  state,  because  its  particles  are  then  finer,  and  penetrate  the  paper  more  intimately. 
When  ink  consists  chiefly  of  tannate  of  peroxyde  of  iron,  however  black,  it  is  merely 
superficial,  and  is  easily  erased  or  effaced.  Therefore,  whenever  the  liquid  made  by  the 
above  presciiption  has  acquired  a  moderately  deep  tint, it  should  be  drawn  otf  clear  into 
bottles,  and  well  corked  up.  Some  ink-makers  allow  it  to  mould  a  little  in  the  casks 
before  bottling,  and  suppose  that  it  will  thereby  be  not  so  liable  to  become  mouldy  in  the 
bottles.  A  few  bruised  cloves,  or  other  aromatic  perfume,  added  to  ink,  is  said  to  pre- 
vent the  formation  of  mouldiness,  which  is  produced  by  the  ova  of  infusoria  animalcules. 
I  prefer  digesting  the  ealls  to  boiling  them. 

The  operation  may  be  abridged,  by  peroxydizing  the  copperas  beforehand,  by  moderate 
calcination  in  an  open  vessel ;  but,  for  the  reasons  above  assigned,  ink  made  with  such  a 
sulphate  of  iron,  however  agreeable  to  the  ignorant,  when  made  to  shine  with  gum  and 
sugar,  under  the  name  of  japan  ink,  is  neither  the  most  durable  nor  the  most  pleasant  to 
write  with. 

Prom    the    comparatively   high    price    of   gall-nuts,   sumach,   logwood,   and    even 
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oak  bark,  are  too  frequently  substituted,  to  a  considerable  degree,  in  the  manufacture 
of  ink. 

The  ink  made  by  the  prescription  given  above,  is  much  more  rich  and  powerful  than 
many  of  the  inks  commonly  sold.  To  bring  it  to  their  standard,  a  half  more  water  may 
safely  be  added,  or  even  20  gallons  of  tolerable  ink  may  be  made  from  that  weight  of 
materials,  as  I  have  ascertained. 

Sumach  and  logwood  admit  of  only  about  one  half  of  the  copperas  that  galls  will  take 
to  bring  out  the  maximum  amount  of  black  dye. 

Cliaptal  gives  a  prescription  in  his  Chiniie  appliquce  aux  arls,  which,  like  many  other 
things  in  that  book,  are  published  with  very  little  knowledge  and  discrimination.  He 
uses  logwood  and  sulphate  of  copper,  in  addition  to  the  galls  and  sulphate  of  iron;  a  per- 
nicious combination,  productive  of  a  spurious  fugitive  black,  and  a  liquor  corrosive  of 
pens.     It  is,  in  fact,  a  modification  of  the  vile  dye  of  the  hatters. 

Lewis,  who  made  exact  experiments  on  inks,  assigned  the  proportion  of  3  parts  of  galls 
to  1  of  sulphate  of  iron,  which,  with  average  galls,  will  answer  very  well ;  but  good  galls 
will  admit  of  more  copperas. 

Gold  ink  is  made  by  grinding  upon  a  porphyry  slab,  with  a  muller,  gold  leaves  along 
with  white  honey,  till  they  be  reduced  to  the  finest  possible  division.  The  paste  is  then 
collected  upon  the  edge  of  a  knife  or  spatula,  put  into  a  large  glass,  and  diffused  through 
water.  The  gold  by  gravity  soon  falls  to  the  bottom,  while  the  honey  dissolves  in  the 
water,  which  must  be  decanted  off.  The  sediment  is  to  be  repeatedly  washed  till  entirely 
freed  from  the  honey.  The  powder,  when  dried,  is  very  brilliant,  and  when  to  be  used 
as  an  ink,  may  be  mixed  up  with  a  little  gum  water.  After  the  writing  becomes  dry,  it 
should  be  burnished  with  a  wolf's  tooth. 

Silver  ink  is  prepared  in  the  same  manner. 

Indelible  ink. — A  very  good  ink,  capable  of  resisting  chlorine,  oxalic  acid,  and  ablution  • 
with  a  hair  pencil  or  sponge,  may  be  made  by  mixing  some  of  the  ink  made  by  the  pre- 
ceding prescription,  with  a  little  genuine  China  ink.  It  wiites  well.  Many  other  form- 
ulae have  been  given  for  indelible  inks,  but  they  are  all  inferior  in  simplicity  and  useful- 
ness to  the  one  now  prescribed.  Solution  of  nitrate  of  silver  thickened  with  gum,  and 
written  with  upon  linen  or  cotton  cloth,  previously  imbued  with  a  solution  of  soda,  and 
dried,  is  the  ordinary  permanent  ink  of  the  shops.  Before  the  cloths  are  washed,  the 
writing  should  be  exposed  to  the  sun-beam,  or  to  bright  daylight,  which  blackens  and  fixes 
the  oxyde  of  silver.     It  is  easily  discharged  by  chlorine  and  ammonia. 

Red  ink. — This  ink  may  be  made  by  infusing,  for  3  or  4  days  in  weak  vinegar, 
Brazil  wood  chipped  into  small  pieces;  the  infusion  may  be  then  boiled  upon  the  wood 
for  an  hour,  strained,  and  thickened  slightly  with  gum  arabic  and  sugar.  A  little 
alum  improves  the  color.  A  decoction  of  cochineal  with  a  little  water  of  ammonia, 
forms  a  more  beautiful  red  ink,  but  it  is  fugitive.  An  extemporaneous  red  ink  of  the 
same  kind  may  be  made  by  dissolving  carmine  in  weak  water  of  ammonia,  and  adding  a 
little  mucilage. 

Green  ink. — According  to  Klaproth,  a  fine  ink  of  this  color  may  be  prepared  by  boiling 
a  mixture  of  two  parts  of  verdigris  in  eight  parts  of  water,  with  one  of  cream  of  tartar, 
till  the  total  bulk  be  reduced  one  half.  The  solution  must  be  then  passed  through  a 
cloth,  cooled,  and  bottled  for  use. 

Yellow  ink  is  made  by  dissolving  3  parts  of  alum  in  100  of  water,  adding  25  parts  of 
Persian  or  Avignon  berries  bruised,  boiling  the  mixture  for  an  hour,  straining  the  liquor, 
and  dissolving  in  it  4  parts  of  gum  arabic.  A  solution  of  gamboge  in  water  forms  a  con- 
venient yellow  ink. 

By  examining  the  different  dye-stuffs,  and  considering  the  processes  used  in  dyeing  with 
them,  a  variety  of  colored  inks  may  be  made. 

China  ink. — Proust  says,  that  lamp-black  purified  by  potash  ley,  when  mixed  with 
a  solution  of  glue,  and  dried,  formed  an  ink  which  was  preferred  by  artists  to  that  of 
China.  M.  Merimee,  in  his  interesting  treatise,  entitled,  De  la  peinture  ii  riniile,  says, 
that  the  Chinese  do  not  use  glue  in  the  fabrication  of  their  ink,  but  that  they  add 
vegetable  juices,  which  render  it  more  brilliant  and  more  indelible  upon  paper. 
When  the  best  lamp-black  is  levigated  with  the  purest  gelatine  or  solution  of  glue,  it 
forms,  no  doubt,  an  ink  of  a  good  color,  but  wants  the  shining  fracture,  and  is  not  so 
permanent  on  paper  as  good  China  ink ;  and  it  stiffens  in  cold  weather  into  a  tremulous 
jelly.  Glue  may  be  deprived  of  the  gelatinizing  property  by  boiling  it  for  a  long  time, 
or  subjecting  it  to  a  high  heat  in  a  Papin's  digester;  but  as  ammonia  is  apt  to  be  gene- 
rated in  this  way,  M.  Merimee  recommends  starch  gum  made  by  sulphuric  acid  (British 
gum)  to  be  used  in  preference  to  glue.  He  gives,  however,  the  following  directions  for 
preparing  this  ink  with  glue.  Into  a  solution  of  glue  he  pours  a  concentrated  solution 
of  gall  nuts,  which  occasions  an  elastic  resinous-looking  precipitate.  He  washes  this 
matter  with  hot  water,  and  dissolves  it  in  a  spare  solution  of  clarified  glue.    He  filters 
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anew,  and  concentrates  it  to  the  proper  degree  for  being  incorporated  with  the  purified 
lamp-black.  The  astringent  principle  in  vegetables  does  not  precipitate  gelatine  when 
its  acid  is  saturated,  as  is  done  by  boiling  the  nutgalls  with  limewater  or  magnesia.  The 
first  mode  of  making  the  ink  is  to  be  preferred.  The  lamp-black  is  said  to  be  made  in 
China,  by  collecting  the  smoke  of  the  oil  of  sesame.  A  little  camphor  (about  2  per  cent.) 
has  been  detected  in  the  ink  of  China,  and  is  supposed  to  improve  it.  Infusion  of  galls 
renders  the  ink  permanent  on  paper. 

Sympathetic  ink.     The  best  is  a  solution  of  muriate  of  cobalt. 

Printer's  ink.     See  this  article. 

By  decomposing  vanadate  of  ammonia  with  infusion  of  galls,  a  liquid  is  obtained 
of  a  perfectly  black  hue,  which  flows  freely  from  the  pen,  is  rendered  blue  by  acids,  is 
insoluble  in  dilute  alkalis,  and  resists  the  action  of  chlorine.  Whenever  the  metal  vana- 
dium shall  become  more  abundant,  as  it  probably  may  ere  long,  we  shall  possess  the 
means  of  making  an  ink,  at  a  moderate  price,  much  superior  to  the  tannate  and  gallate 
of  iron. 

To  prepare  the  above  vanadic  salt  cheaply,  the  cinder  or  hammerschlag  obtained 
from  the  iron  made  at  Ekersholm,  in  Sweden,  or  other  iron  which  contains  vana- 
dium, being  reduced  to  a  fine  powder,  is  to  be  mixed  with  two  thirds  of  its  weight  of 
nitre,  and  one  third  of  effloresced  soda.  The  mixture  is  to  be  ignited  in  a  crucible;  cooled 
and  lixiviated,  whereby  solutions  of  the  vanadates  of  potash  and  soda  are  obtained,  not 
pure,  indeed,  but  sufficiently  so  for  being  decomposed,  by  means  of  sal  ammoniac,  into  a 
vanadate  of  ammonia.  This  being  rendered  nearly  neutral  with  any  acid,  constitutes  an 
excellent  indelible  ink. 

INULINE  (Eng.  and  Fr.)  is  a  substance  first  extracted  from  the  root  of  the  Inula-Hel- 
lenium,  or  Elecampane.  It  is  white  and  pulverulent  like  starch ;  and  difl'ers  from  this 
substance  chiefly  because  its  solution,  when  it  cools,  lets  fall  the  inuline  unchanged  in 
powder,  whereas  starch  remains  dissolved  in  the  cold,  as  a  jelly  or  paste. 

Inuline  is  obtained  by  boiling  the  root  sliced  in  3  or  4  times  its  weight  of  water,  and 
setting  the  strained  decoction  aside  till  it  cools,  when  the  pulverulent  inuline  precipitates. 
It  exists  also  in  the  roots  of  colchicum,  and  pellitory. 

IODINE  {lode,  Fr. ;  lod,  Germ.)  is  one  of  the  archaeal  undecompoundeef  chemical 
bodies,  which  was  discovered  accidentally  in  1812  by  M.  Courtois,  a  manufacturer  of 
saltpetre,  in  the  mother-waters  of  that  salt.  Its  affinities  for  other  substances  are  so 
powerful  as  to  prevent  it  from  existing  in  an  insulated  state.  It  occurs  combined  with 
potassium  and  sodium  in  many  mineral  waters,  such  as  the  brine  spring  of  Ashby-de-la- 
Zouche,  and  other  strongly  saline  springs.  This  com-bination  exists  sparingly  in  sea- 
water,  abundantly  in  many  species  of  fucus  or  sea-weed,  and  in  the  kelp  made  from 
them ;  in  sponges ;  in  several  marine  rnollusce,  such  as  the  doris,  the  venus,  oysters,  &c. ; 
in  several  polyparies  and  sea  plants,  as  the  gorgonia,  the  zostera  marina,  &c.;  particu- 
larly in  the  mother-waters  of  the  salt-works  upon  the  Mediterranean  sea;  and  it  has 
been  found  in  combination  with  silver,  in  som*  ores  brought  from  the  neighborhood  of 
Mexico. 

Iodine  is  most  economically  procured  from  the  mother-water  of  kelp,  as  furnished  by 
those  manufacturers  of  soap  in  Scotland  and  elsewhere  who  employ  this  crude  alkaline 
matter.  By  pouring  an  excess  of  sulphuric  acid  upon  that  liquid,  and  exposing  the 
mixture  to  heat  in  a  retort,  iodine  rises  in  violet  vapors  (whence  its  name),  and  condenses 
in  the  receiver  into  black,  brilliant,  soft,  scaly  crystals,  resembling  graphite  or  plumbago. 
An  addition  of  the  peroxyde  of  manganese  to  the  above  mixture,  favors  the  production 
of  iodine.  Souberain  has  proposed  as  a  means  of  extracting  it  in  greater  abundance 
from  a  given  quantity  of  the  said  mother-waters,  to  transform  the  iodide  of  potash  or 
soda,  present,  into  an  insoluble  iodide  of  copper,  by  pouring  into  them  solution  of 
sulphate  of  copper,  which  precipitates  first  of  all  one  half  of  the  iodine.  He  then 
decants  the  supernatant  liquor,  and  adds  to  it  a  fresh  quantity  of  the  sulphate  along 
with  some  iron  filings.  The  latter  metal  seizes  the  oxygen  and  sulphuric  acid  of 
the  cupreous  salt,  sets  the  copper  free,  which  then  seizes  the  other  half  of  the 
iodine.  To  separate  this  iodide  from  the  remaining  iron  filings,  he  agitates  the 
whole  with  water,  and  decants  the  liquor.  The  filings  immediately  subside,  but  the 
iodide  of  copper  remains  for  some  time  in  a  state  of  suspension.  This  compound, 
separated  by  a  filter  cloth,  is  to  be  mixed  with  twice  its  weight  of  the  black  peroxyde 
of  manganese,  and  as  much  sulphuric  acid  as  will  make  the  mixture  into  a  paste ;  which 
mixture  being  introduced  into  a  retort,  and  distilled,  the  iodine  comes  over  in  its  cha- 
racteristic violet  vapors,  which  are  condensed  into  the  glistening  black  substance  in  the 
receiver. 

Iodine  is  always  solid  at  atmospheric  temperatures,  though  it  slowly  flies  off  with  a 
peculiar  offensive  penetrating  odor  somewhat  like  chlorine.  Its  specific  gravity  is 
4-946  at  the  temperature  of  58°  Fahr.    Its  prime  equivalent,  according  to  Berzelius,  is 
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63'283,  one  volume  of  hydrogen  being  1-000  ;  but  126-566,  if  two  volumes  of  hydrO£;en 
be  reckoned  unity,  as  most  British  chemists  estimate  it,  from  the  composition  of  water. 
It  possesses  in  a  high  degree  electro-negative  properties,  like  oxygen  and  chlorine;  and 
therefore  makes  its  appearance  at  the  positive  pole,  when  its  compounds  are  placed  in  the 
voltaic  circuit.  It  stains  the  skin  yellow;  and  if  applied  for  some  time  to  it,  is  apt  to 
produce  painful  ulcerations. 

Iodine  melts  only  at  about  390°  Fahr. ;  but  with  the  vapor  of  water  it  volatilizes  at  212°. 
It  has  a  great  atfinity  for  hydrogen,  and  constitutes  by  that  union  hydriodic  acid  ;  a  com- 
pound resembling  in  some  respects  muriatic  or  hydrochloric  acid.  It  also  can  be  combin- 
ed with  oxygen,  and  forms  thereby  iodic  acid.  Its  compounds  with  carbon,  phosphorus, 
sulphur,  chlorine,  azote,  and  many  metals,  have  not  been  applied  to  any  manufacturing 
purpose,  and  therefore  need  not  be  described  here. 

The  chief  application  of  iodine  in  the  arts,  is  for  the  detection  of  starch,  which  its 
watery  solution,  though  containing  only  one  part  in  5000,  does  readily,  by  the  production 
of  a  deep  purple  color ;  this  vanishes  by  exposing  the  starch  to  the  air  for  some  time,  or 
more  quickly  by  heating  it. 

As  a  medicine,  iodine  and  its  compounds,  such  as  the  iodides  of  potassium  and  iron,  are 
supposed  to  possess  great  powers  in  resolving  glandular  swellings.  The  periodide  of  mer- 
cury is  a  brilliant  red  pigment,  but  somewhat  evanescent. 

Chlorine,  bromine,  and  iodine,  are  frequently  associated;  and  it  has  hitherto  been 
reckoned  a  difficult  problem  to  separate  them  from  one  another.  The  following  plan  is 
proposed  by  Mr.  Lovi?. 

Heat  the  mixture  of  the  dried  chloride  and  bromide  (or  chloride  and  iodide)  while  a 
current  of  chlorine  is  made  to  pass  over  it,  till  no  more  bromine  is  carried  off  by  the 
chlorine.  Receive  the  gases  in  a  solution  of  potash ;  saturate  this  fluid  mixture  of  the 
chloride  of  potassium,  and  the  chlorate  and  bromate  of  potash  with  nitric  acid,  adding 
afterwards  nitrate  of  silver.  A  mixture  of  bromate  and  chloride  of  silver  will  precipitate. 
Dry  the  precipitate,  calcine  it,  and  calculate  the  proportion  of  bromine  from  the  volume 
of  oxygen  gas  now  disengaged.  It  would  be  preferable  to  digest  in  a  vial,  the  precipi- 
tate while  moist,  along  with  water  of  baryta,  which  decomposes  the  bromate  of  silver 
without  acting  upon  the  chloride.  The  excess  of  baryta  being  thrown  down  by  carbonic 
acid,  and  the  liquid  being  evaporated,  a  bromate  of  baryta  is  obtained,  which  may  be 
washed  with  alcohol  of  0-840.  The  solution  of  bromate  of  baryta  may  also  be  neutral- 
ized by  nitric  acid,  and  the  bromic  acid  may  be  precipitated  by  nitrate  of  silver.  The 
same  method  is  applicable  to  the  separation  of  iodine  from  chlorine. 

After  throwing  down  the  solution  of  the  mixed  salts  by  nitrate  of  silver,  Berzelius 
digests  the  washed  precipitate  in  a  closed  bottle  of  water  of  baryta;  whence  results 
bromate  of  baryta  without  any  chloride  of  barium.  On  evaporating  the  liquor  we  ob- 
tain crystallized  bromate  of  baryta,  which  may  be  freed  from  a  small  accidental  quantity 
of  chloride,  by  washing  with  alcohol  at  0-840.  By  calcination  we  then  obtain  bromide 
of  barium,  which,  being  distilled  with  sulphuric  acid  and  peroxyde  of  manganese,  affords 
bromine. 

IRIDIUM  is  a  metal  discovered  by  Descotils  in  1803,  as  also  by  Tenant  in  1804  ;  and 
is  so  called  because  its  different  solutions  exhibit  all  the  colors  of  the  rainbow.  It  occurs 
only  in  the  ore  of  platinum,  being  found  there  in  two  states  ;  1.  united  to  that  metal,  and 
2.  as  alloy  of  osmium  and  iridium,  in  the  form  of  small,  insulated,  hard  grains.  Iridium 
is  the  most  refractory  of  all  the  metals  ;  and  appears  as  a  gray  metallic  powder.  It  is 
not  fused  by  the  flame  of  the  hydroxygen  lamp. 

IRON  {Fer,  Fr. ;  Eisen,  Germ.)  is  a  metal  of  a  bluish-gray  color,  and  a" dull  fibrous 
fracture,  but  it  is  capable  of  acquiring  a  brilliant  surface  by  polishing.  Its  specific  gravity 
is  7-78.  It  is  the  most  tenacious  of  metals,  and  the  hardest  of  all  those  which  are  malleable 
and  ductile.  It  is  singularly  susceptible  of  the  magnetic  virtue,  but  in  its  pure  slate  soon 
loses  it.  When  rubbed  it  has  a  slisht  smell,  and  it  imparts  to  the  tongue  a  ppculiar 
astringent  taste,  called  chalybeate.  In  a  moist  atmosphere,  iron  speedily  oxydizes,  and 
becomes  covered  with  a  brown  coating,  called  rust. 

Every  person  knows  the  manifold  uses  of  this  truly  precious  metal;  it  is  capable  of 
being  cast  in  moulds  of  any  form;  of  being  drawn  out  into  wires  of  any  desired  strength 
or  fineness  ;  of  being  extended  into  plates  or  sheets ;  of  being  bent  in  every  direction  ;  of 
being  sharpened,  hardened,  and  softened  at  pleasure.  Iron  accommodates  itself  to  all 
our  wants,  our  desires,  and  even  our  caprices ;  it  is  equally  serviceable  to  the  arts,  the 
sciences,  to  agriculture,  and  war;  the  same  ore  furnishes  the  sword,  the  ploughshare,  the 
scythe,  the  pruning  hook,  the  needle,  the  graver,  the  spring  of  a  watch  or  of  a  carriage, 
the  chisel,  the  chain,  the  anchor,  the  compass,  the  cannon,  and  the  bomb.  It  is  a 
medicine  of  much  virtue,  and  the  only  metal  friendly  to  the  human  frame. 

The  ores  of  iron  are  scattered  over  the  crust  of  the  globe  with  a  beneficent  profusion, 
proportioned  to  the  utility  of  the  metal ;  they  are  found  under  every  latitude,  and  every 


IRON.  687 

zone  ;  in  every  mineral  formation,  and  are  disseminated  in  every  soil.  Considered  in  a 
purely  mineralogical  point  of  view,  without  reference  to  their  importance  for  reduction, 
they  may  be  reckoned  to  be  19  in  number;  namely,  1.  native  iron  of  three  kinds :  pure, 
nickeliferous,  and  steely;  2.  arsenical  iron;  3.  yellow  sulphuret  of  iron;  4.  white  sul- 
phuret  of  iron ;  5.  magnetic  sulphuret  of  iron ;  6.  black  oxyde  of  iron,  either  the  load- 
stone, or  susceptible  of  magnetism,  and  titaniferous  ;  7.  compact /er  oligiste,  specular  iron 
ore,  as  of  Elba,  and  scaly  fer  oligisie ;  8.  hematite,  aflbrding  a  red  powder;  9.  hematite 
or  hydrate  of  iron,  affording  a  yellow  powder,  of  which  there  are  several  varieties;  10. 
pitchy  iron  ore;  11.  siliceo-calcareous  iron,  or  yenite  ;  12.  sparry  carbonate  of  iron,  and 
the  compact  clay  iron-stone  of  the  coal  formation  ;  13.  phosphate  of  iron  ;  14.  sulphate 
of  iron,  native  copperas;  15.  chromate  of  iron ;  16.  arseniate  of  iron  ;  17.  muriate  of 
iron;  18.  oxalate  of  iron ;   19.  titanate  of  iron. 

Among  all  these  different  species,  ten  are  worked  by  the  miner,  either  for  the  sake  of 
ti\e  iron  which  they  contain  ;  for  use  in  their  native  stale  ;  or  for  extracting  some  prin- 
ciples from  them  advantageous  to  the  arts  and  manufactures ;  such  are  arsenical  iron, 
sulphate  of  iron,  sulphuret  of  iron,  and  chromate  of  iron. 

1.  Native  iron  a.  Pure. — This  species  is  very  rare,  and  its  existence  was  long  matter 
if  dispute  ;  though  it  has  been  undoubtedly  found  not  only  in  volcanic  formations,  but  in 
veins  properly  so  called.  It  is  not  entirely  like  our  malleable  iron  ;  but  is  whiter,  more 
ductile,  more  permanent  or  less  oxydizable  in  the  air,  and  somewhat  less  dense.  Among 
the  best  attested  examples  of  pure  native  iron  is  that  observed  by  M.  Schreber,  in  the 
mountain  of  Oulle  near  Grenoble.  The  metal  was  entangled  in  a  vein  running  through 
gneiss,  and  appeared  in  ramifying  stalactites,  enveloped  in  fibrous  brown-oxyde  of  iron 
mixed  with  quartz  and  clay. 

B.  The  native  nickeliferous  or  meteoric  iron  is  very  malleable,  often  cellular,  but  some- 
times compact,  and  in  parallel  plates,  which  pass  into  rhomboids  or  octahedrons.  It  is 
naturally  masnetic,  and  by  its  nickel  is  distinguishable  from  terrestrial  native  iron.  Mac- 
quart,  in  describing  the  famous  mass  found  at  mount  Kemir  in  Siberia,  says  that  the  iron 
is  perfectly  flexible,  and  fit  for  making  small  instruments  at  a  moderate  heat ;  but  in  too 
strong  a  fire,  the  metal  becomes  short,  brittle,  and  falls  into  grains  under  the  hammer. 
Meteoric  iron  is  covered  with  a  sort  of  varnish  which  preserves  its  surface  from  the  rust- 
ing action  of  the  air ;  but  this  preservative  property  does  not  extend  to  the  interior. 
Chladni  has  given  a  list  of  masses  of  meteoric  iron,  which  have  been  known  to  fall  at 
different  times  from  the  atmosphere,  and  of  many  specimens  which  indicate  their  atmos- 
pheric origin,  by  their  aspect  and  composition.  A  portion  of  the  mass  of  meteoric  iron 
found  at  Santa-Rosa  near  Santa-Fe-de-Bogota,  was  made  into  a  sword  and  presented  to 
Bolivar. 

c.  Native  steel-iron. — This  substance  has  all  the  characters  of  cast-steel ;  it  occurs  in  a 
kind  of  small  button  ingots,  with  a  finely  striated  surface,  and  a  fracture  exceedingly  fine 
grained.  It  is  hardly  to  be  touched  by  the  file,  and  will  scarcely  flatten  under  the  ham- 
mer. M.  Mossier  found  this  native  steel  at  the  village  of  Bouiche,  near  Nery,  depart- 
ment of  the  Allier,  in  a  spot  where  there  had  existed  a  seam  of  burning  coal.  A  mass 
of  16  pounds  and  6  ounces  of  native  steel  was  discovered  in  that  place,  besides  a  great 
many  small  globules. 

2.  .Arsenical  iron,  jlrsenikkies,  or  Mispickel,  is  a  tin-white  mineral,  which  emits  a  sarlic 
smell  at  the  blowpipe,  or  even  when  sparks  are  struck  from  it  by  steel,  accompanied  with 
a  small  train  of  white  smoke.  It  contains  generally  more  or  less  sulphur,  and  sometimes 
a  little  silver,  associated  with  metallic  arsenic  and  iron. 

3.  Yellow  sulphuret  of  iron,  commonly  called  Marcasite,  or  Martial  pyrites.  The 
bronze  or  brass  yellow  color  enables  us  to  recognise  this  mineral.  At  the  blowpipe  it 
gives  ofi"  its  sulphur,  and  is  converted  into  a  globule  attractable  by  the  blowpipe.  It  is  a 
bisulphuret  of  iron  containing  32  of  sulphur  and  28  of  metal. 

Copper  pyrites  may  be  distinguished  from  it  by  its  golden  yellow  color,  which  is  fre- 
quently iridescent,  and  by  its  inferior  hardness ;  for  it  does  not  strike  fire  with  steel,  like 
the  preceding  persulphuret.  There  is  no  vein,  stratum,  or  mass  of  metallic  ore  which 
does  not  contain  some  iron  pyrites ;  and  it  is  often  the  sole  mineral  that  fills  the  veins  in 
quartz.     It  sometimes  contains  gold,  and  at  other  times  silver. 

4.  While  sulphuret  of  iron. — This  is  distinguishable  from  the  preceding  species  only 
by  its  color  and  form  of  crystallization,  and  was  hence  till  lately  confounded  with  it  by 
mineralogists.     Its  surface  is  often  radiated. 

5.  Magnetic  sulphuret  of  iron,  the  Magnetkies  of  the  Germans. — This  ore  is  attract- 
able by  the  magnet  like  common  iron.  Its  color  is  reddish-yellow,  passing  into  brown; 
its  fracture  is  rough.     It  consists  of  16  of  sulphur  and  28  of  iron. 

6.  Black  oxyde  of  iron,  magnet  ore,  or  native  loadstone. — One  variety  of  this  species 
has  two  poles  in  each  specimen,  which  manifest  a  repulsive  action  asainst  the  corres- 
ponding poles  of  a  magnetic  needle.  All  the  varieties  furnish  a  black  powder.  Its 
external  color  is  a  gray  approaching  to  that  of  metallic  iron,  but  somewhat  duller; 
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with  occasional  iridescence  of  surface.  Neither  nitric  acid  nor  the  blowpipe  has  any 
action  upon  it.  Its  specific  gravity  varies  from  4*24  to  5*4 ;  and  its  constituents  are 
71-86  peroxyde,  and  28-14  protoxyde,  according  to  Beizelius;  or  in  100  parts,  71-74  of 
metallic  iron,  and  28-26  of  oxygen.  Assuming  the  prime  equivalent  of  iron  to  be  28, 
with  the  British  chemists,  then  an  ore  consisting,  like  the  above,  of  two  prime  propor- 
tions of  peroxyde,  and  one  of  protoxyde,  would  be  represented  by  the  number  116  =  80 
-|-  36 ;  and  would  consist  in  100  parts,  of  iron  72-4,  oxygen  27-6. 

Magnetic  iron-ore  belongs  to  primitive  rock  formations,  and  occurs  abundantly  in 
Sweden,  Dalecarlia,  Norway,  Siberia,  China,  Siam,  and  the  Philippine  isles;  but  it  is 
rare  in  England  and  France.  It  is  worked  extensively  in  Sweden,  and  furnishes  an  ex- 
cellent iron. 

The  litaniferous  oxyde  of  iron,  or  iron  sand,  is  also  attractable  by  the  magnet.  Its 
color  is  a  deep  black,  with  some  metallic  lustre;  it  is  perfectly  opaque ;  its  fracture  is 
conchoidal ;  it  is  hard  and  difficult  to  grind  under  the  pestle  into  a  dull  black  powder, 
which  stains  the  fingers  when  it  is  very  fine ;  it  melts  at  a  high  heat  into  a  black  enamel 
without  lustre.  Alf  volcanic  rocks  contain  a  greater  or  less  quantity  of  titanic  iron-ore, 
disseminated  through  them,  which  may  be  recognised  by  its  brilliant  metallic  lustre,  and 
its  perfect  conchoidal  fracture. 

7.  Fer  oligiste,  iron-glance,  specular  iron,  and  red  iron  ore. — This  ore  has  the  color  of 
polished  steel ;  and  the  light  transmitted  through  the  thin  edges  of  its  crystals  appears  of 
a  beautiful  red.  Its  powder  is  always  of  a  well  marked  brown-red  hue,  passing  into 
cherry-red,  which  distinsuishes  it  from  the  black-oxyde  ore.  Its  fracture  is  rough,  or 
vitreous  in  certain  varieties;  it  breaks  easily  ;  but  it  is  hard  enough  to  scratch  glass.  It 
usually  contains  from  60  to  70  of  metallic  iron  in  100  parts;  the  equivalent  proportion 
of  oxygen  in  the  pure  red  oxyde  of  iron  being  30  parts  combined  with  70  of  metal.  It 
is  a  mistake  to  suppose  any  specular  iron  ore  capable  of  yielding  85  per  cent,  of  iron,  for 
100  parts  of  even  protoxyde  of  iron  contain  only  77-77  parts  of  metal. 

The  compact  variety  comprises  the  crystals  of  the  island  of  Elba,  and  of  Framont  in 
the  Vosges,  which  have  a  rough-grained  fracture.  It  exists  in  very  great  masses,  consti- 
tuting even  entire  mountains;  in  the  cavities  and  fissures  of  these  masses,  the  beautiful 
crystals  so  much  prized  by  collectors  of  minerals,  occur. 

The  island  of  Elba  is  equally  celebrated  for  its  inexhaustible  abundance  of  rich  specular 
iron  ore,  and  for  the  immemorial  antiquity  of  its  mining  operations.    Fig.  581  is  a  vertical 
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section  passing  through  the  three  workings,  called  Pietamonte  (d),  Sanguinaccio  (k;, 
Antenna  (f),  through  an  ancient  excavation  a,  through  the  coast  o,  and  the  mole  p,  end- 
ing at  the  canal  of  Piombino,  The  total  height  of  the  metalliferous  mountain  above  the 
level  of  the  sea,  is  no  more  than  180  metres,  or  600  feet. 

The  rock  which  constitutes  the  body  of  this  little  mountain  d  I,  is  called  bianchetta  by 
the  workmen.  It  is  a  white  slaty  talc,  slightly  ochreous,  or  yellowish,  consisting  chiefly 
of  silica  and  alumina,  with  some  magnesia. 

The  ore  of  Antenna  (r)  is  a  very  hard  compact  fer  oligiste,  of  a  brilliant  metallic 
aspect.  The  workable  bed  has  a  height  of  66  feet,  and  consists  of  metalliferous  blocks 
mixed  confusedly  with  sterile  masses  of  the  rock  ;  the  whole  covered  with  a  rocky  detri- 
tus, under  a  brownish  mould.  From  its  metallic  appearance  and  toughness,  this  bed  is 
called  vena/errata,  the  iron  vein.  In  Pietamonte  the  workable  bed  is  composed  entirely 
of  micaceous  specular  iron  ore  ( fer  oligiste),  with  its  fissures  filled  with  yellow  ochre. 
This  bed  rests  upon  the  rock  called  bianchetta ;  the  brilliant  aspect  of  ore  in  this  place 
has  gained  for  it  the  name  of  vena  lucciola. 

The  metalliferous  hill  d  I,  extends  to  the  north-east,  about  a  mile  beyond  the  work- 
ings D  E  F.  The  ore  contains  about  65  per  cent,  of  iron,  and  is  smelted  in  Catalan 
forges. 

The  following  description  of  the  figure  will  make  the  structure  of  this  extraordinary 
mine  well  understood,     a,  is  a  great  excavation,  the  result  of  ancient  workings. 

1,  1 ;  2,  2 ;  3,  3,  4,  4,  5,  6,  and  7,  are  roads  for  carrying  off  the  rubbish,  in  correspond 
ence  with  the  several  working  levels. 
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b,  b,  b,  masses  of  old  rubbish  (deblais). 

c,  c,  ditto,  from  the  present  workings  d,  e,  f. 

d,  the  rocky  mass  called  bianchetta,  against  which  the  ore  extracted  from  a  abuts. 

e,  the  surface  of  a  bed  of  ore,  near  the  streamlet  g. 

f,  /,  indication  of  beds  of  iron  pyrites  and  fer  oligiste. 

g,  a  small  rivulet  proceeding  from  the  infiltration  of  rains,  and  which  is  impregnated 
with  acidulous  sulphate  of  iron. 

h,  h,  ravine  which  separates  the  metalliferous  hill  d  I  from  the  barren  hill  i. 

fe,  masses  of  slags  from  ancient  smelting  operations ;  such  are  very  common  in  this 
island.  None  of  any  consequence  now  exist;  nearly  the  whole  of  the  ore  being  ex- 
ported to  Tuscany,  the  Romagna,  the  Genoese  territories,  Piedmont,  Naples,  and 
Corsica. 

/,  a  considerable  body  of  rubbish  from  ancient  workings,  towards  the  summit  of  the 
metalliferous  hill  d,  I. 

rn,  m,  part  of  this  hill  covered  with  rubbish,  the  result  of  old  workings. 

w,  the  site  called  Vigneria. 

0,  houses  upon  the  shore  called  Marine  de  Rio,  where  the  workpeople  live,  and  the 
mineral  is  kept  in  store. 

p,  wooden  pier  (mole)  whence  the  ore  is  shipped ;  terminated  by  a  small  tower,  q. 

Compact  for  oligiste  occurs  also  in  the  Vosges,  in  Corsica,  at  Altenberg  and  Freyburg, 
in  Saxony,  Presnitz,  in  Bohemia,  Norbeig  and  Bisberg,  in  Sweden,  &c. 

The  varieties  called  specular  for  oligiste,  and  scaly  for  oligiste,  or  iron-glance,  do  not 
differ  essentially  from  the  compact.  None  of  them  affects  the  magnetic  needle,  and  their 
powder  is  a  red  of  greater  or  less  vivacity. 

8.  Red  oxyde  of  iron. — The  varieties  included  under  this  species  afford  a  red  powder, 
do  not  affect  the  magnetic  needle,  and  are  destitute  of  metallic  lustre.  At  the  blowpipe 
they  all  become  black,  or  deep  brown;  and  then  they  act  on  the  needle.  The  crystal- 
lized variety  consists  of  70  iron  and  30  oxygen  in  100  parts.  The  concretionary  kind, 
or  hematite,  has  a  brown-red  color ;  is  solid,  compact,  and  sometimes  very  hard  ;  its 
surface  may  be  filed  and  polished  so  as  to  acquire  a  lustre  almost  metallic ;  its  internal 
structure  is  fibrous,  and  it  exhibits  sometimes  a  resemblance  to  splinters  of  wood.  Its 
outer  surface  is  constantly  concretionary,  mammelated,  and  presents  occasionally  sections 
of  a  sphere,  or  cylinders  attached  to  each  other.  This  is  the  blood-stone  of  the  burnisher 
of  metals.  It  is  a  very  common  mineral.  The  ochry  variety  or  red-iron-ochre  is  dis- 
tinguished from  the  solid  hematite  by  the  brightness  of  its  color.  It  is  used  as  a 
pigment. 

9.  Brown  oxyde  of  iron,  brown  iron-stone. — This  affords  always  a  yellow  powder, 
without  any  shade  of  red,  which  passes  sometimes  into  the  bistre  brown,  or  velvet  black. 
At  the  blowpipe  this  oxyde  becomes  brown,  and  very  attractable  by  the  magnet;  but  after 
calcination  and  cooling,  the  ore  yields  a  red  powder,  which  stains  paper  nearly  as  red 
as  hematite  does,  and  which  is  much  employed  in  polishing  metals.  All  the  yellow  or 
brown  oxydes  contain  a  large  proportion  of  water,  in  chemical  combination ;  and  hence 
this  species  has  been  called  hydrate  of  iron.  There  are  several  varieties  which  assume 
globular,  reniform,  stalactitic,  and  fruticose  shapes.  As  impure  varieties  of  the  species 
we  must  consider  some  of  the  clay-iron  ores,  such  as  the  granular,  the  common,  the  pisi- 
form, and  the  reniform  clay-iron  ore.  According  to  D'Aubuisson,  the  present  specie? 
consists  of  peroxyde  of  iron,  from  82  to  84  per  cent. ;  water,  14  to  11 ;  oxyde  of  manga- 
nese, 2 ;  silica,  1  to  2.  It  is  therefore  a  hydrated  peroxyde  of  iron  ;  and  ought  by  theory 
to  consist,  in  its  absolute  state,  of  81*63  peroxyde,  and  18-37  water.  It  occurs  both  in 
beds  and  veins.  The  atites  or  eagle-stones  form  a  particular  variety  of  this  ore.  On 
breaking  the  balls,  so  named,  they  are  observed  to  be  composed  of  concentric  coats,  the 
outside  ones  being  very  hard,  but  the  interior  becoming  progressively  softer  towards  the 
centre,  which  is  usually  earthy  and  of  a  bright  yellow  color ;  sometimes,  however,  the 
centre  is  quite  empty,  or  contains  only  a  few  drops  of  water.  (Etites  occur  in  abundance, 
often  even  in  continuous  beds  in  secondary  mountains,  and  in  certain  argillaceous  strata. 
These  stones  are  still  considered  by  the  French  shepherds  as  amulets  or  talismans,  and 
may  be  found  in  the  small  bags  which  they  suspend  to  the  necks  of  their  favorite  rams ; 
and  they  are  in  such  general  use,  that  a  large  quantity  is  annually  imported  into  France 
from  the  frontiers  of  Germany,  for  this  superstitious  purpose.  When  smelted,  they  yield 
a  good  iron. 

The  variety  called  granular  brown  oxyde,  or  bone  ore,  is  merely  a  modification  of 
the  precedins.  It  occurs  in  grains  nearly  round,  varying  in  size  from  a  millet  seed  to  a 
pea,  each  being  composed  of  concentric  coats,  hard  outside  and  soft  within.  They  are 
generally  agglutinated  by  a  calcareous  or  argillaceous  paste;  but  are  occasionally  quite 
loose.  This  oie  occurs  in  calcareous  formations,  and  is  sometimes  accompanied  with 
shclN,  such  as  iercbratulce.  The  brittle  quality  of  the  iron  afforded  by  it  has  been 
ascribed  to  the   phosphorus   derived   from   the  large  quantity  of  organic   bodies,  with 
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which  the  ore  is  frequently  mixed.     The  bog-iron  ore  and  swamp-iron  ore  belong  to  this 
species. 

10.  Pitchy  hydrate  of  iron. — This  is  a  rare  mineral  of  a  resinous  aspect,  found  in  a 
vein  in  the  mine  of  Braunsdorf,  two  leagues  from  Freyberg,  and  seems  to  consist  of  red 
oxyde  of  iron  and  water. 

11.  Yenite  is  a  mineral  species,  rather  rare,  composed  of  red  oxyde  of  iron,  silica,  and 
lime. 

12.  Carbonate  of  iron,  sparry  iron,  or  brown-spar. — This  important  species  has  been 
divided  into  two  varieties ;  spalhose  iron  and  the  compact  carbonate.  The  first  has  a 
sparry  and  lamellar  fracture;  with  a  color  varying  from  yellowish-gray  lo  isabella  yel- 
low, or  even  to  brownish-red.  It  turns  brown  without  melting  at  the  blowpipe,  and 
becomes  attractable  by  the  magnet  after  being  slightly  roasted  in  the  flame  of  a  candle. 
Even  by  a  short  exposure  to  the  air,  after  its  extraction  from  the  mine,  it  also  assumes  the 
same  brown  tint,  but  without  acquiring  the  magnetic  quality.  It  affords  but  a  slight 
effervescence  with  nitric  acid,  changing  merely  to  a  red-brown  color.  Its  specific  gravity 
varies  from  3-00  to  3'fi7.  Its  primitive  form  is  like  that  of  carbonate  of  lime,  an  obtuse 
rhomboid.  Without  changing  this  form,  its  crystals  are  susceptible  of  containing  varia- 
ble quantities  of  carbonate  of  lime,  till  it  passes  wholly  into  this  mineral.  Manganese 
and  magnesia  enter  also  occasionally  into  its  composition. 

Sparry  carbonate  of  iron  belongs  to  primitive  formations ;  forming  powerful  veins  in 
mountains  of  gneiss,  and  is  associated  in  these  veins  with  quartz,  copper  pyrites,  gray 
copper,  fibrous  brown  oxyde  of  iron,  and  a  variety  of  ramose  carbonate  of  lime,  vulgarly 
called  ftos  ferri.  Thus  it  is  found  at  Allevard  and  Vizille,  near  Grenoble,  at  Saint- 
George  d'liuretiere,  in  the  Alps  of  Savoy ;  at  Baigorry,  in  the  Lower  Pyrenees  ;  at  Eis- 
enerz,  in  Styria ;  at  Huttenberg,  in  Carinthia ;  at  Schwartz,  in  the  Tyrol ;  in  Saxony, 
Hungary,  other  places  in  Germany,  as  also  in  Spain,  Sweden,  Norway,  and  Siberia.  It 
also  occurs,  along  with  galena  and  other  ores  of  lead,  in  the  mines  of  Lead-Hills  and 
Wanlockhead,  in  Scotland  ;  and  in  the  mines  of  Cumberland,  Northumberland,  and 
Derbyshire;  likewise  with  tin-ore,  at  Wheal  Maudlin,  Saint-Just,  and  other  places  in 
Cornwall. 

This  ore,  viewed  as  a  metaliurgic  object,  is  one  of  the  most  interesting  and  valuable 
that  is  known  ;  it  affords  natural  steel  with  the  greatest  facility,  and  accommodates  itself 
^best  to  the  Catalan  smelting  forse.  It  was  owing  in  a  great  measure  to  the  peculiar 
quality  of  the  iron  which  it  produces,  that  the  excellence  long  remarked  in  the  cutlery 
of  the  Tyrol,  Styria,  and  Carinthia,  was  due.  It  was  called  by  the  older  mineralogists 
steel  ore. 

The  carbonate  of  iron  of  the  coal  formation,  is  the  principal  ore  from  which  iron  is 
smelted  in  England  and  Scotland,  and  it  yields  usually  from  30  to  33  per  cent,  of  cast 
metal.  We  are  indebted  to  Dr.  Colquhoun  for  several  elaborate  analyses  of  the  sparry- 
irons  of  the  Glasgow  coal  field  ;  ores  which  allbrd  the  best  qualities  of  iron  made  in  ihut 
district.  The  richest  specimen,  out  of  the  nine  which  he  tried,  came  from  the  neighbor- 
hood of  Airdrie;  it  had  a  specific  gravity  of  30533,  and  afforded  in  100  parts,  carbonic 
acid,  35-17  ;  protoxyde  of  iron,  53*b3  ;  lime,  3-33;  magnesia,  ]-77;  silica,  1*4;  aluminn, 
0-63;  peroxyde  of  iron,  0*23 ;  carbonaceous  or  bituminous  matter,  3  03;  moisture  and 
loss,  1"41.     Its  contents  in  metallic  iron  are  41-25. 

The  compact  carbonate  of  iron  has  no  relation  externally  with  the  sparry  variety.  It 
comprehends  most  of  the  clay-iron  stones,  and  particularly  that  which  occurs  in  flattened 
spheroidal  masses  of  various  size,  among  the  coal  measures.  The  color  of  this  ore  is 
often  a  yellowish-brown,  reddish-gray,  or  a  dirty  brick-red.  Its  fracture  is  close  grained; 
it  is  easily  scratched,  and  gives  a  yellowish-brown  powder.  It  adheres  to  the  tongue, 
has  an  odor  slightly  argillaceous  when  breathed  upon,  makes  no  effervescence  with  any 
acid,  blackens  at  the  bfow-pipe  without  melting,  and  becomes  attractable  by  the  magnet 
with  the  slightest  calcination. 

This  ore  affords  from  30  to  40  per  cent,  of  iron  of  excellent  quality ;  and  it  is  the 
object  of  most  extensive  workings  in  Great  Britain.  It  occurs  in  the  slaty  clay  which 
serves  as  a  roof  or  floor  to  the  strata  of  coal ;  and  also  in  continuous  bed«,  from  2  to  18 
inches  thick,  among  the  coal  measures,  as  in  Staffordshire,  Shropshire,  and  Wales.  It  is 
remarkable,  that  the  coal-basin  of  Newcastle  contains  little  clay  iron-stone,  while  the 
coal-basin  of  Dudley  is  replete  with  it. 

13.  Phosphate  of  iron. — A  dull  blue  color  is  the  most  remarkable  external  character 
of  this  species,  which  occurs  in  small  masses  composed  of  aggregated  plates,  sometimes 
in  an  excessively  fine  powder,  or  giving  other  bodies  a  blue  tinge.  It  assumes  at  the 
blowpipe  a  rusty  hue,  and  is  then  reduced  to  a  biUion  of  a  metallic  aspect.  It  dissolves 
-completely  in  dilute  nitric  acid,  as  well  as  in  ammonia,  but  it  does  not  communicate  its 
color  to  them,  and  oil  turns  it  black  ;  characters  which  distinguish  it  readily  from  blue 
carbonate  of  copper,  whose  color  is  not  altered  by  ammonia.  It  is  of  no  use  as  a 
smelling  ore. 
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14.  Sulphate  of  iron,  native  green  vitriol. — This  is  formed  by  the  oxygenation  of  sul- 
phuret  of  iron,  and  is  unimportant  in  a  metallurgie  point  of  view. 

15.  Chromale  of  iron. — For  the  treatment  and  use  of  this  ore,  see  Chrome. 

16.  .ilrseriiate  of  iron,  Wurfelerz. 

17.  Muriate  of  iron. 

18.  Oxalate  of  iron;  Humboldtile,  found  by  M.  Breithaupt  in  tlie  lignite  of  Kolaw.  It 
consists  of  protoxyde  of  iron,  53*86  ;  oxalic  acid,  46-14  ;  in  100. 

19.  Titanate  of  iron  consists  of  protoxyde  and  peroxyde  of  iron,  86 ;  titanic  acid,  8 ; 
oxyde  of  manganese,  2;  gangue,  1   —  97.     See  Black  Oxyde  of  iron. 

Of  the  assay  of  iron-ores  by  fusion. — In  the  assays  by  the  dry  way,  the  object  is  to  sep- 
arate exactly  all  the  iron  which  the  ore  may  contain,  with  the  view  of  comparing  the  result 
with  the  product  of  smelling  on  the  great  scale.  In  order  to  succeed  in  this  operation, 
we  must  deoxydize  the  iron,  and  produce  at  the  same  time  such  a  temi)erature  as  will 
melt  the  metal  and  the  earths  associated  with  it  in  the  ore,  and  obtain  the  former  in  a 
dense  button  at  the  bottom  of  a  crucible,  and  the  latter  in  a  lighter  :^lass  or  slag,  above  it. 
Sometimes  the  gangue  of  the  ores,  consisting  mostly  of  a  single  earth,  as  qnariz,  alumina, 
or  lime,  is  of  itself  very  refractory,  and  hence  some  flux  must  be  added  to  bring  about  the 
fusion.  The  substance  most  commonly  employed  for  this  purpose  is  borax  ;  but  ordinary 
flint  glass  may  be  substituted  for  it.  Sometimes,  also,  instead  of  adding  borax,  which 
always  succeeds,  lime  or  clay  may  be  added  to  the  ore,  according  to  the  nature  of  its 
mineralizer ;  that  is,  lime  for  a  clay  iron-stone,  and  clay  for  a  calcareous  carbonate  of 
iron  ;  and  both,  when  the  gangue  is  silicious,  as  occurs  with  the  black  oxyde. 

The  ore,  pulverized  and  passed  through  a  silk  sieve,  is  to  be  well  mixed  with  the  flux, 
and  the  mixture  introduced  into  the  smooth  concavity  made  in  the  centre  of  a  crucible 
lined  with  hard-rammed  damp  charcoal  dust.  Were  the  mixture  diffused  through  the 
charcoal,  the  reduced  iron  would  be  apt  to  remain  scattered  in  little  globules  through 
the  crucible,  and  no  metallic  button  would  be  formed  at  its  bottom.  The  mingled  ore  and 
flux  must  be  covered  with  charcoal.  The  crucible  thus  filled  must  be  shut  with  an  earthen 
lid  luted  on  with  fire-clay  ;  and  it  is  then  set  on  its  base,  either  in  an  air  furnace,  or  on 
the  health  of  a  forge  urged  with  a  smith's  bellows.  The  heat  should  be  very  slowly  raised, 
not  employing  the  bellows  till  three  quarters  of  an  hour  have  expired.  In  this  way,  the 
water  of  the  damp  charcoal  (brasqiie)  is  allowed  to  exhale  slowly,  and  the  deoxydation  is 
completed  before  the  fusion  begins;  for  by  acting  otherwise,  the  slags  formed  would  dis- 
solve so.Tie  oxyde  of  iron,  and  the  assay  would  not  indicate  the  whole  of  the  iron  to  be 
obtained  from  the  ore.  At  the  end  of  the  above  peiiod,  the  fire  must  be  raised  progres- 
sively to  a  white  heat,  at  which  pitch  it  must  be  maintained  for  a  quarter  of  an  hour, 
after  which  the  crucible  should  be  withdrawn.  Whenever  it  has  cooled,  it  is  to  be 
opened,  the  brusque  must  be  carefully  removed  or  put  aside,  and  the  button  of  cast-iron 
taken  out  and  weished.  The  brasque  may  sometimes  contain  a  few  globules,  which  must 
be  collected  by  washing  in  water,  or  the  application  of  a  magnetic  bar.  The  quantity 
of  iron  denotes,  of  course,  the  richness  of  the  ore.  These  assays  furnish  always  a  gray 
cast-iron;  and,  therefore,  the  quality  of  the  products  can  hardly  be  judged  of,  except  by 
an  experiment  on  the  large  scale.  The  temperature  necessary  for  the  success  of  an  assay 
is  about  150°  of  Wedgewood. 

In  the  assays  by  the  humid  way,  we  may  expect  to  find  manganese,  silica,  alumina, 
lime,  magnesia,  and  sometimes  carbonic  acid,  associated  with  the  iron.  100  grains  of 
the  ore  in  fine  powder  are  to  be  digested  with  nitro-muriatic-acid  ;  which  will  leave  only 
the  silica  with  perhaps  a  very  little  alumina.  If  an  eff'ervescence  takes  place  in  the  cold 
with  a  dilute  acid,  the  Joss  of  weight  will  indicate  the  amount  of  carbonic  acid  .gas  ex- 
pelled. The  muriatic  solution  contains  the  iron,  the  manganese,  the  lime,  magnesia,  and 
most  of  the  alumina,  with  a  little  silica.  On  evaporating  to  dryness,  and  digesting  in 
water,  all  the  silica  will  remain  in  an  insoluble  state.  If  the  solution  somewhat  acidu- 
lated be  treated  with  oxalate  of  ammonia,  the  lime  will  fall  down  in  the  form  of  an  ox- 
alate;  ammonia  will  now  precipitate  the  alumina  and  the  oxyde  of  iron  tosether,  while 
the  manganese  and  magnesia  will  continue  dissolved  in  the  state  of  triple  salts  (ammonia- 
muriates).  The  alumina  may  be  separated  from  the  ferric  oxyde  by  potash-ley.  The 
manganese  may  be  thrown  down  by  hydrosulphuret  of  potash  ;  and,  finally,  the  magnesia 
may  be  precipitated  by  carbonate  of  soda.  100  parts  of  the  red  oxyde  of  iron  contaia 
69-34  of  metal,  and  30-66  of  oxygen. 

If  phosphorus  be  present  in  the  ore,  the  nitro-muriatic  solution,  being  rendered  nearly 
neutral,  will  afibrd  with  muriate  of  lime  a  precipitate  of  phosphate  of  lime,  soluble  in  an 
excess  of  muriatic  acid. 

When  the  sole  object  is  to  learn  readily  the  per-centage  of  iron,  the  ore  maybe  treated 
with  hot  nitro-muriatic,  the  acid  solution  filtered  and  supersaturated  with  ammonia, 
which  will  throw  down  only  the  iron  oxyde  and  alumina  ;  because  the  lime  is  not  pre- 
cipitable  by  that  alkali,  nor  is  magnesia  and  manganese,  when  in  the  stale  of  ammonia- 
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muriates.  The  red  precipitate,  being  digested  with  some  potash-ley,  will  lose  its  alumina, 
and  will  leave  the  ferric  oxyde  nearly  pure.  The  presence  of  sulphur,  pliosphorus,  or 
arsenic,  in  iron  ores,  may  always  be  detected  by  the  blowpipe,  or  ustulation  in  the  assay 
muffle,  as  described  under  Furnace. 

Of  the  smelting  of  iron  ores. — We  shall  describe,  in  the  first  place,  the  methods  prac- 
tised in  Great  Britain,  and  shall  afterwards  consider  those  pursued  in  other  countries,  in 
the  treatment  of  their  peculiar  ores. 

Iron  is  divided  into  three  kinds,  according  to  the  different  metallic  states  in  which  it 
may  be  obtained  ;  and  these  are  called  crude  or  cast  iron;  steel ;  and  bar  or  malleable 
iron.  These  states  are  determined  essentially  by  the  different  proportions  of  charcoal  or 
carbon  held  in  chemical  combination  ;  cast  iron  containing  more  than  steel,  and  steel  more 
than  malleable  iron  ;  which  last,  indeed,  ought  to  be  the  pure  metal,  a  point  of  perfec- 
tion, however,  rarely  if  ever  attained.  It  is  impossible  to  assign  the  limits  between  these 
three  forms  of  iron,  or  their  relative  proportions  of  carbon,  with  ultimate  precisian  ;  for 
bar  iron  passes  into  steel  by  insensible  gradations,  and  steel  and  cast  iron  make  such 
mutual  transitions  as  to  render  it  difficult  to  define  where  the  former  commences,  and  the 
latter  ceases,  to  exist.  In  fact,  some  steels  may  be  called  crude  iron,  and  some  cast  irons 
may  be  reckoned  among  steels. 

Towards  the  conclusion  of  the  last  century  the  manufacture  of  iron  underwent  a  very 
important  revolution  in  Great  Britain,  by  the  substitution  of  pitcoal  for  charcoal  df 
wood,  the  only  combustible  previously  used  in  smelling  the  ores  of  this  metal.  This 
improvement  served  not  merely  to  diminish  the  cost  of  reduction,  but  it  furnished  a 
sof^ter  cast  iron,  fit  for  many  new  purposes  in  the  arts.  From  this  era,  iron  works  have 
assumed  an  immense  importance  in  our  national  industry,  and  have  given  birth  to  many 
ingenious  and  powerful  machines  for  fashioning  the  metal  into  bars  of  every  form,  with 
almost  incredible  economy  and  expedition. 

The  profusion  of  excellent  coal,  and  its  association  in  many  localities  with  iron-stone, 
have  procured  hitherto  for  our  country  a  marked  superiority  over  all  others  in  the  iion 
trade  ;  though  now  every  possible  effort  is  making  by  foreign  policy  to  rival  or  to  lin  it 
our  future  operations.  In  1802,  M.  de  Bonnard,  now  divisionary  inspector  in  ihe  ro\al 
corps  of  mines  of  France,  and  secretary  of  the  general  council,  made  a  tour  in  England, 
in  order  to  study  our  new  processes  of  manufacturing  iron,  and  published,  on  his  return, 
in  the  Journal  des  Mines,  tom.  17,  a  memoir  descriptive  of  them.  Since  the  peace,  many 
French  engineers  and  iron-masters  have  exerted  themselves  in  naturalizing  in  France 
this  species  of  industry ;  and  M.  de  Gallois,  in  particular,  after  a  long  residence  in  Great 
Britain,  where  he  was  admitted  to  see  deliberately  and  minutely  every  department  of  the 
iron  trade,  returned  with  ample  details,  and  erected  at  Saint-Etienne  a  large  establish- 
ment entirely  on  the  English  model.  More  recently,  MM.  Dufrenoy  and  Elie  de  Beau- 
mont, and  MM.  Coste  and  Perdonnet,  have  published  two  very  copious  accounts  of  their 
respective  metallurgic  tours  in  Great  Britain,  illustrated  with  plans  and  sections  of  our 
furnaces,  for  the  instruction  of  the  French  nation. 

The  argillaceous  carbonate  of  iron,  or  clay  iron-stone  of  the  coal  measures,  is  the  chief 
ore  smelted  in  England.  Some  red  hematite  is  used  as  an  auxiliary  in  certain  works  in 
Cumberland  and  Lancashire ;  but  nowhere  is  the  iron-sand,  or  other  ferruginous  matters 
of  the  secondary  strata,  employed  at  present  for  procuring  the  metal. 

Among  the  numerous  coal-basins  of  England  there  are  two,  in  particular,  which  fur- 
nish more  than  three  fourths  of  the  whole  cast  iron  produced  in  the  kingdom ;  namely, 
the  coal  field  of  Dudley,  in  the  south  of  Staffordshire;  and  the  coal  fields  of  Monmouth- 
shire, in  South  Wales,  along  with  those  of  Gloucestershire  and  Somersetshire. 

Dudley  is  peculiarly  favored  by  nature.  There  are  found  associated  the  coal,  the 
iron  ore,  the  limestone  for  flux,  and  the  refractory  fire-clay  for  constructing  the  interior 
brick-work  of  the  furnaces.  This  famous  clay  is  mined  at  Stourbridge,  and  exported 
to  every  part  of  the  kingdom  for  making  cast  steel  crucibles  and  glass-house  melting 
pots. 

At  Merthyr-Tydvil,  the  centre  of  the  iron-works  of  Wales,  the  iron-stone  is  extremely 
plentiful,  forming  16  beds,  or  rather  constituting  an  integrant  portion  of  16  beds  of 
slate-clay.  Sometimes  it  occurs  in  pretty  long  tables  adjoining  each  other,  so  as  to 
resemble  a  continuous  stratum;  but  more  frequently  it  forms  nodules  of  various  size  and 
abundance,  placed  in  planes  both  above  and  below  the  coal  seam.  Eight  varieties  of 
ore,  belonsing  to  different  beds,  have  been  distinguished  by  the  following  barbarous 
names  :  black  balls,  black  pins,  six-inch-wide  vein,  six-inch  jack,  blue  vein,  blue  pins, 
gray  pins,  seven  pins.  The  bed  containing  the  first  quality  of  iron-stone  is  analogous 
to  the  black  ore  of  Staffordshire,  called  guhhin;  it  is  often  cleft  within  like  septaria,  and 
its  cavities  are  sometimes  besprinkled  with  crystals  of  carbonate  of  lime  or  quartz.  In 
the  superior  beds  there  are  nodules  decomposing  into  concentric  coats,  of  which  the 
middle  is  clay.     Crystals  of  oxyde  of  titanium  are  occasionally  found  in  the  middle  of 
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the  balls  of  clay  iron-stone  ;  to  which  the  metallic  titanium  observed  in  the  inside  of  the 
dome  of  blast  furnaces,  may  be  traced.  Both  at  Dudley  and  South  Wales,  casts  of  shells, 
belonging  to  the  genus  unio,  are  observed  on  the  iron-stone. 

The  average  richness  of  the  iron-stones  of  South  Wales  is  somewhat  greater  than  that  of 
those  of  Staffordshire.  The  former  is  estimated  at  33  parts  of  cast  iron,  while  the  latter 
rarely  exceeds  30  parts  in  100  of  ore  ;  and  this  richness,  joined  to  the  superior  quality  or 
cheapness  of  the  coals,  and  the  proximity  of  the  sea,  gives  South  Wales  a  decided  advan- 
tage as  a  manufacturing  district. 

The  number  of  blast  furnaces  in  the  parish  of  Merthyr-Tydvil  amounts  to  upwards  of 
30.  The  cast  iron  produced  is,  however,  seldom  brought  into  the  market,  but  is  almost 
entirely  converted  into  bar  iron,  of  which,  at  Mr.  Crawshay's  works,  600  tons  are  manu- 
factured in  a  week.  Numerous  iron  railways,  extending  through  a  length  of  220  miles, 
facilitate  the  transport  of  the  materials  and  the  exportation  of  the  products.  That  con- 
currence of  favorable  circumstances,  which  we  have  noticed  as  occurring  at  Dudley,  pre- 
vails in  an  equal  degree  in  South  Wales. 

The  same  economy  which  the  use  of  coal  has  introduced  into  the  smelting  of  cast  iron 
from  the  ore,  also  extends  to  its  refinery  into  bars.  And  this  process  would  supersede  in 
every  iron  work  the  use  of  wood  charcoal,  were  not  the  iron  produced  by  the  latter  com- 
bustible better  for  many  purposes,  particularly  the  manufacture  of  steel.  In  some  English 
smelting  works,  indeed,  where  sheet  iron  is  prepared  for  making  tin  plate,  a  mixed  refining 
process  is  employed,  where  the  cast  iron  is  made  into  bar  iron  by  wood  charcoal,  and 
laminated  by  the  aid  of  a  coal  fire. 

Till  1740,  the  smelting  of  iron  ores  in  England  was  executed  entirely  with  wood  char- 
coal ;  and  the  ores  employed  were  principally  brown  and  red  hematites.  Earthy  iron  ores 
were  also  smelted  ;  but  it  does  not  appear  that  the  clay  iron-stones  of  the  coal-basins 
were  then  used,  though  they  constitute  almost  the  sole  smelting  material  at  the  present 
day.  At  that  era,  there  were  59  blast  furnaces,  whose  annual  product  was  17,350  tons 
of  cast  iron  ;  that  is,  for  each  furnace,  294  tons  per  annum,  and  .o|  tons  per  week.  By 
the  year  1788,  several  attempts  had  been  made  to  reduce  iron  ore  with  coked  coal ;  and 
there  remained  only  24  charcoal  blast  furnaces,  which  produced  altogether  13,000  tons 
of  cast  iron  in  the  year;  being  at  the  rate  of  546  tons  for  each  per  annum,  or  nearly  11 
tons  per  week.  This  remarkable  increase  of  11  tons  for  5|,  was  due  chiefly  to  tlie  sub- 
stitution of  cylinder  blowing  machines  worked  with  pistons,  for  the  common  wooden 
bellows.  Already  53  blast  furnaces  fired  with  coke  were  in  activity  ;  which  furnished  in 
toto  48,800  tons  of  iron  in  a  year ;  which  raises  the  annual  product  of  each  furnace  to 
907  tons,  and  the  weekly  product  to  about  I75  tons.  The  quantity  of  cast  iron  produced 
that  year  (1788)  by  means  of  coal,  was  .-...-  48,800  tons, 
and  that  by  wood  charcoal,  was         ..----        13,100 

Constituting  a  total  quantity  of  -..-..         61,900  tons. 

In  1796,  the  wood  charcoal  process  was  almost  entirely  given  up;  when  the  returns  of 
the  iron  trade  made  by  desire  of  Mr.  Pitt,  for  establishing  taxes  on  the  manufacture, 
aflTorded  the  following  results: — 

121  blast  furnaces,  furnishina;  in  whole  per  annum  124,879  tons,  constituting  an  average 
amount  for  each  furnace  of  1032  tons. 

In  1802,  Great  Britain  possessed  168  blastfurnaces,  yielding  a  product  of  about  170,000 
tons;  and  this  product  amounted,  in  1806,  to  250,000  tons,  derived  from  227  coke  fur- 
naces, of  which  only  159  were  in  activity  at  once.  These  blast  furnaces  were  distributed 
as  follows. 

In  the  principality  of  Wales         --------52 

In  Staffordshire 42 

In  Shropshire       --.. 42 

In  Derbyshire .-17 

In  Yorkshire 28 

In  the  counties  of  Gloucester,  Monmouth,  Leicester,  Lancaster,  Cumber- 
land, and  Northumberland 18 

In  Scotland 28 

227 
In  1820,  the  iron  trade  had  risen  to  the  amount  shown  in  the  following  table: — 

Tons. 

Wales  manufactured,  per  annum 150,000 

Shropshire  and  Staffordshire 180,000 

Yorkshire  and  Derbyshire --  50,000 

Scotland,  with  some  places  in  England  ------  20,000 

Total        -..,..-        400000 
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In  a  statistical  view  given  by  M.  de  Villefosse,  of  the  French  and  English  iron  work* 
he  assigns  to  the  latter,  in  1826,  305  blast  furnaces,  distributed  as  follows  : — 

In  the  principality  of  Wales ...87 

In  Staflbrdshire 78 

In  Shropshire,  Derbyshire,  Yorkshire,  &c.     ......        84 

In  Scotland 56 

305 

Out  of  these,  280  were  in  activity  at  the  same  time;  and  if  we  suppose  their  mean 
product  to  have  been  50  tons  a  week,  the  total  product  would  have  been,  in  1826,  728,000 
tons.  But  this  estimate  seems  to  be  somewhat  above  the  truth;  for,  from  the  information 
communicated  by  Mr.  Philip  Taylor  to  M.  Achille  Chaper,  a  considerable  French  iron- 
master, who,  in  the  summer  of  1826,  inspected  two  thirds  of  the  blast  furnaces  of  Great 
Britain,  their  product  during  this  year  was  about  600,000  tons. 

The  preceding  details  show  the  successive  increments  which  the  manufacture  of  cast 
iron  has  received  ;  and  a  similar  progression  has  taken  place  in  ils  refinery  into  wrouslit 
iron.  This  operation  was  formerly  effected  by  the  agency  of  wood  charcoal  in  refineiies 
analogous  to  those  still  made  use  of  in  France.  But  when  that  kind  of  fuel  becan  to  be 
scarce  in  this  island,  i1  came  to  be  mixed  with  coke  in  various  proportions.  The  bar  iron 
thus  produced  was  usually  hard,  and  required  much  time  to  convert,  so  tliat  nn  establish- 
ment which  could  produce  20  tons  of  bar  iron  in  a  week,  was  deemed  considerable.  At 
that  time,  England  imported  annually  from  Sweden  and  Russia  the  enormous  quantity  of 
70,000  tons  of  iron. 

Mr.  Cort,  to  whom  Great  Britain  is  indebted  for  the  methods  now  pursued  in  this 
country,  succeeded  about  that  lime,  after  many  unsuccessful  experiments,  in  converting 
cast  iron  into  bar  iron,  by  exposing  it  on  the  hearth  of  a  reverberatory  furnace  to  the  flame 
of  pitcoal.  This  method,  which  possessed  the  advantage  of  employing  this  species  of  com- 
bustible alone,  likewise  simplified  the  treatment,  because  it  required  no  blast  apparatus. 
But  this  mode  of  refinery,  consisting  in  the  use  of  a  reverberatory  furnace  alone,  did  not 
produce  altogether  the  desired  result.  It  was  irregular;  sometimes  the  loss  of  iron  was 
small,  but  at  others  it  was  very  considerable ;  and  there  were  great  variations  in  the 
quality  of  the  iron,  as  well  as  in  the  quantity  of  fuel  consumed.  Mr.  Cort  suc<;eeded  in 
removing  this  uncertainty  of  result,  by  causing  the  puddling  in  the  reverberatory  furnace 
to  be  preceded  by  a  kind  of  refinery  with  coke.  The  intent  of  this  operation  was  to  de- 
carburatethe  iron,  and  to  prepare  it  for  becoming  malleable.  The  metal  took  in  that  case 
the  name  oC  finery  metal,  called,  for  the  sake  of  brevity,  fine-metal. 

He  also  substituted  the  drawing  cylinders  for  the  extension  under  the  hammer,  an  im- 
provement which  accelerated  greatly  the  manufacture  of  bar  iron.  The  iron  then  yielded 
by  the  operation  of  puddling  was  of  a  very  inferior  quality,  and  could  not  be  directly  em- 
ployed in  the  arts.  In  order  to  give  it  more  consistence,  it  was  subjected  to  a  second  heating 
in  a  reverberatory  furnace;  and  whenever  this  method  had  arrived  at  a  high  enough  de- 
gree of  perfection  to  afford  products  fit  for  the  market,  it  became  exclusively  employed  in 
Great  Britain.  This  new  method  of  transforming  cast  iron  into  malleable  iron  speedily 
gained  such  an  extension,  that  of  late  years,  a  single  iron-work,  Cyfartlia  in  Wales,  man- 
ufactured annually  more  than  twice  as  much  as  was  made  annually  from  1740  to  1750, 
in  the  whole  kingdom. 

In  surveying  the  improvements  which  the  iron  manufacture  has  received  in  England  in 
the  space  of  the  last  60  years,  they  are  seen  to  be  resolvable  into  two  ;  the  first  set  re- 
lating to  the  smelting  of  tl\e  ores ;  the  other,  to  the  conversion  of  the  pigs  into  bar  iron ; 
hence  naturally  arise  two  heads  under  which  the  subject  of  iron  must  be  treated. 

1.  Manufacture  of  cad-iron  by  coke  and  coal. — The  cast-iron  produced  by  the  English 
and  Scotch  blast  furnaces  is  in  general  black  and  very  soft ;  but  yet  may  be  distinguished 
into  several  qualities,  of  which  three  are  particularly  noticed. 

No.  1.  Very  black  cast-iron,  ia  large  rounded  grains,  obtained  commonly  near  the  com- 
mencement of  the  casting,  when  an  excess  of  carbon  is  present;  in  flowing,  it  appears 
pasty,  and  throws  out  blue  scintillations.  It  exhibits  a  surface  where  crystalline  vegeta- 
tions develop  themselves  rapidly  in  very  fine  branches;  it  congeals  or  fixes  very  slowly; 
its  surface  when  cold  is  smooth,  concave,  and  often  charged  with  plumbago  ;  it  has  but  a 
moderate  tenacity,  is  tender  under  the  file,  and  susceptible  of  a  dull  polish.  When  melted 
over  again,  it  passes  into  No.  2,  and  forms  the  best  castings. 

No.  2.  Black  cast-iron  has  a  somewhat  lighter  shade  than  the  precedin?,  and  may 
therefore  on  comparison  be  called  blackish-gray.  It  presents  less  large  granulations  than 
No.  1  ;  is  tenacious,  easily  turned,  filed,  and  polished;  excellent  for  casting  when  it  ap- 
proaches to  No.  1,  and  for  the  manufacture  of  bar  iron  when  it  has  on  the  contrary  a 
shade  somewhat  lighter.     If  repeatedly  melted,  it  passes  into  the  next  quality,  or 

No.  3.  White  cast  iron ;  this  is  brittle,  and  indicates  always  some  derangement  in  the 
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working  of  the  furnace;  it  flows  imperfectly,  and  darts  out,  in  casting,  abundance  of 
brilliant  white  scintillations;  it  fixes  very  quickly;  and  on  cooling,  exhibits  on  its  surface 
irregular  asperities,  which  make  it  extremely  rough.  It  is  easily  broken,  and  presents  a 
lamellar  and  radiated  fracture ;  and  is  so  hard  that  tempered  steel  cannot  act  upon  it. 
It  is  cast  only  into  weights,  bullets,  or  bombs,  but  never  into  pieces  of  machinery.  When 
exposed  to  the  refinery  processes,  it  afl'ords  a  bad  bar  iron.  It  is  owing  probably  to  the 
different  nature  of  the  cast  iron  obtained  in  different  counties  in  England,  that  Stafford- 
shire and  Shropshire  furnish  the  greater  part  of  the  great  iron  castings,  while  Wales 
manufactures  almost  exclusively  malleable  iron.  The  lower  price  of  coals  in  Wales 
is  perhaps  the  cause  to  a  certain  extent  of  this  difference  in  the  results  of  these  two  iron 
districts.  It  will  be  interesting,  at  any  rate,  to  describe  separately  the  processes  employed 
in  Slaffiirdshire  and  Wales. 

The  blast  furnaces  of  S/affordshire,  in  the  neighborhood  of  Dudley,  Bilston,  and 
Wednesbury,  are  constructed  almost  wholly  of  bricks.  Their  outer  form  is  frequently 
a  cone,  often  also  a  pyramid  with  a  square  base.  They  are  bound  about  with  a  great 
many  iron  hoops,  or  with  iron  bars  placed  at  difl'erent  heights.  This  powerful  armor 
allows  the  furnaces  to  be  built  much  less  massively  than  they  formerly  were;  and  admits 
lighter  and  more  elegant  external  forms.  They  are  seldom  insulated ;  but  are  usually 
associated  to  the  number  of  two  or  three  in  the  same  line.  A  narrow  passage  is  left 
between  them,  which  leads  to  the  lateral  openings  where  the  tuyeres  are  placed.    At  the 


front  of  the  furnace,  a  large  shed  is  always  raised.  The  roofs  of  these  sheds  present  in 
general  circular  profiles,  and  being  made  of  cast  or  bar  iron,  they  display  a  remarkable 
lightness  of  construction.  The  cast  iron  columns  likewise,  which  support  the  joists  and 
girders,  give  additional  elegance. 

In  the  Dudley  field,  the  furnaces  are  almost  always  in  the  middle  of  the  plain,  and  an 
inclined  rail-way  must  be  formed  to  reach  their  platform.  These  inclined  planes,  com- 
posed of  beams  or  rails  placed  alongside  of  each  other,  and  sustained  by  props  and  cross- 
bars, as  indicated  in  fig.  582,  are  set  up  mostly  against  the  posterior  face  of  the  furnace. 
Two  chains  or  ropes,  passing  over  the  drums  of  gins,  moved  by  a  steam  engine  (commonly 
the  same  that  drives  the  bellows),  draw  up  the  wagons  of  wood  or  sheet  iron  a  a,  which 
contain  the  various  materials  for  supplying  the  furnace.  To  facilitate  this  service,  the 
platform  round  the  furnace  is  sometimes  enlarged  behind  by  a  floor;  while  a  balustrade, 
which  opens  when  the  wagons  arrive  at  the  platform,  prevents  accidents.  This  pro- 
jection is  occasionally  covered  by  a  roof.  For  a  furnace  of  the  largest  size,  the  force  ex- 
pended by  this  lifting  apparatus  is  not  more  than  a  two-horse  power. 

Fig.  582  is  a  vertical  section  through  the  furnace  from  front  to  rear,  or  at  fight  angles 
to  the  line  of  the  lateral  tuyeres.  The  erection  of  a  pair  of  blast  furnaces,  of  40  feet 
high  each,  costs,  in  the  Dudley  district,  1800  pounds  sterling  ;  and  requires  for  building 
each,  160,000  common  bricks  for  the  outside  work,  3900  fire-bricks  for  the  lining  or  shirt 
of  the  furnace,  and  825  for  the  boshes.  The  dimensions  of  the  fire-bricks  are  various;  5 
kinds  are  employed  for  the  lining,  and  9  kinds  for  the  boshes.  They  are  all  6  inches 
thick,  and  are  curved  to  suit  the  vojissoirs. 

The  number  of  charges  given  in  12  hours  is  different  in  different  furnaces ;  being 
sometimes  20,  25,  and  even  so  high  as  40 ;  but  ^0  is  a  fair  average.     Each  charge  is 
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composed  of  from  5  to  6  cwts.  of  coke,  (or  now  of  3  to  4  cwts.  of  coal  with  the  hot  blast)  ; 
3,  4,  and  sometimes  6  cwts.  of  the  roasted  mine,  according  to  its  richness  and  the  quality 
of  cast  iron  wanted;  the  limestone  flux  is  usually  one  third  of  the  weight  of  the  roasted 
iron  stone.  There  are  2  casts  in  24  hours ;  one  at  6  in  the  morning,  and  another  at  6  in 
the  evening. 

The  height  of  the  blast  furnaces  is  very  variable ;  some  being  only  36  feet  high 
including  the  chimney,  while  others  have  an  elevation  of  60  feet.  These  extreme  limits 
are  very  rare  :  so  that  the  greater  part  of  ihe  furnaces  are  from  45  to  50  feet  high. 
They  are  all  terminated  by  a  cylindrical  chimney  of  from  8  to  12  feet  long;  being  about 
one  fifth  of  the  total  height  of  the  furnace.  The  inside  diameter  of  this  chimney  is  the 
same  as  that  of  the  throat  or  mouth  ;  and  varies  from  4  to  6  feet.  The  chimney  is  fre- 
quently formed  of  a  single  course  of  bricks,  and  acquires  solidity  from  its  hoops  of  iron, 
so  thickly  placed  that  one  half  of  the  surface  is  often  covered  with  them.  At  its  lower 
end,  the  mouth  presents  one  or  two  rectangular  openings,  through  which  the  charge  is 
given.  It  is  built  on  a  basement  circle  of  cast-iron,  which  forms  the  circumference  of  the 
throat;  and  a  sloping  plate  of  cast-iron  6  is  so  placed  as  to  make  the  materials  slide  over 
into  the  furnace,  as  shown  in  the  figure. 

The  inside  of  the  blast  furnaces  of  Staffordshire  is  most  frequently  of  a  circular  form, 
except  the  hearth  and  working  area.  The  inner  space  is  divided  into  four  portions,  difl'erent 
in  their  forms,  and  the  functions  which  they  fulfil  in  the  smelting  of  the  ore. 

The  undermost,  called  the  hearth,  or  crucible,  in  which  the  cast-iron  collects,  is  a  right 
rectangular  prism,  elongated  in  a  line  prependicular  to  the  axes  of  the  tuyeres.  The 
sides  of  the  hearth  consist  in  general  of  refractory  sandstone  (fire-stone),  obtained  mostly 
from  the  bed  of  the  coal  basin,  called  millstone  grit ;  and  the  bottom  of  the  hearth  is  form- 
ed of  a  large  block  of  the  same  nature,  laid  on  a  cast-iron  plate. 

The  second  portion  is  also  made  of  the  same  refractory  grit  stone.  It  has  the  form  of 
a  quadrangular  pyramidal,  approaching  considerably  to  a  prism,  from  the  smallness  of  the 
angle  included  between  the  sides  and  the  axis. 

The  third  portion  or  lower  body  of  the  furnace  is  conical,  but  here  the  interior  space 
suddenly  expands;  the  slope  outwards  at  this  part  seems  to  have  a  great  influence  on 
the  quality  of  the  cast-iron  obtained  from  the  furnace.  When  No.  2  of  the  blackest  kind 
is  wanted  for  castings,  the  inclination  of  this  cavity  of  the  furnace  is  in  general  less 
considerable  than  when  No.  2  cast  iron  for  conversion  into  bar  iron  is  required.  The 
inclination  of  this  conical  chamber,  called  the  boshes,  varies  from  55  to  60  degrees  wil  h  the 
horizon.  The  diameter  of  this  part  is  equal  to  that  of  the  belly,  and  is  from  11  to  13  feet. 
The  boshes  are  built  of  masonry,  as  shown  in  Jigs.  583,  584. 


The  fourth  part,  which  constitutes  about  two  thirds  of  the  height  of  the  furnace  from 
the  base  of  the  hearth  up  to  the  throat,  presents  the  figure  of  a  surface  of  revolution, 
generated  by  a  curve  whose  concavity  is  turned  towards  the  axis  of  the  furnace,  and 
whose  last  tangent  towards  the  bottom  is  almost  vertical.  This  surface  is  sloped  oil'  with 
that  of  the  boshes  (etalages  in  French),  so  that  no  sharp  angle  may  exist  at  the  belly. 
In  some  furnaces  of  considerable  dimensions,  as  in  that  with  three  tuyeres,  this  portion  of 
the  furnace  is  cylindrical  for  a  certain  height. 
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The   following    measurements    represent   the   interior   structure   of   two   well-goins 
fiirnaces. 


1        No.  1. 

No.  2. 

Feet. 

Feet. 

Height  from  the  hearth  to  the  throat  or  mouth 

45 

49 

Height  of  the  crucible  or  hearth            ... 

Gh 

6 

—     of  the  boshes          .            -            _            -            . 

8 

7 

—     of  the  cone        ...            -            - 

301 

36 

—     of  the  chimney  or  mouth    -            -            -            - 

8 

12| 

Width  of  the  bottom  of  the  hearth        .            .            - 

H 

2 

Ditto  at  its  upper  end         .            -            .            -            . 

3 

2f 

Ditto  of  the  boshes 

m 

13i 

Ditto  at  one  third  of  the  belly        -            -            -            - 

12 

111 

Ditto  at  two  thirds  of  ditto        -            -            -            - 

8f 

H 

Ditto  at  the  mouth              ..... 

4k 

3!         , 

Inclination  of  the  boshes           -             .             .             - 

59° 

52^    ; 

The  conical  orifice  called  the  tuyere,  in  which  the  tapered  pipes  are  placed,  for  impart- 
ing the  blast,  is  seen  near  the  bottom  of  ihe  furnace, yZg-.  583,  at  a.  Nose  tubes  of  va- 
rious sizes,  from  2  to  4  inches  in  diameter,  are  applied  to  the  extremity  of  the  main 
blast-pipe.  Under  a  is  the  bottom  of  the  hearth,  which,  in  large  furnaces,  may  be  two 
feet  square,  b  is  the  top  of  the  hearth,  about  two  feet  six  inches  square,  a  b  is  the 
height  of  the  hearth,  about  six  feet  six  inches,  b  shows  the  round  bottom  of  the  conical 
or  funnel  part,  called  in  this  country  the  hashes,  standing  upon  the  square  area  of  the 
hearth,  c  is  the  top  of  the  boshes,  which  may  be  about  12  feet  in  diameter,  and  8  feet 
in  perpendicular  height,  d  is  the  furnace  top  or  mouth  {gueulard  in  French),  at  which 
the  materials  are  charged.  It  may  be  45  feet  in  diameter.  The  line  between  c,  d,  is  the 
height  of  the  internal  cavity  of  the  furnace,  from  the  top  of  the  boshes  upwards,  sup- 
posed to  be  30  feet.  A,  d,  is  the  total  heisht  of  the  interior  of  the  furnace,  reckoned  at 
445  feet.  E  E  is  the  lining,  which  is  built  in  the  nicest  manner  with  the  best  fire-bricks, 
from  12  to  14  inches  long,  3  inches  thick,  and  curved  to  suit  the  circle  of  the  cone.  A 
vacancy  of  3  inches  wide  is  left  all  round  the  outside  of  the  first  lining  by  the  builder; 
which  is  sometimes  filled  with  coke  dust,  but  more  generally  with  sand  firmly  rammed. 
This  void  space  in  the  brick -work  is  for  the  purpose  of  allowing  for  any  expansion  which 
might  occur,  either  by  an  increase  in  the  bulk  of  the  building,  or  by  the  pressure  and 
weight  of  the  materials  when  descending  to  the  bottom  of  the  furnace.  Exterior  to  e  e 
is  a  second  lining  of  fire-bricks  similar  to  the  first.  At  f,  on  either  side,  is  a  cast-iron 
lintel,  85  feet  long,  by  10  inches  square,  upon  which  the  bottom  of  the  arches  is  sup- 
ported. F,  G,  is  the  rise  of  the  tuyere  arch,  which  may  be  14  feet  high  upon  the  outside, 
and  18  feet  wide.  The  extreme  size  of  the  bottom  or  sole  of  the  hearth,  upon  each 
side  of  A,  may  be  10  feet  square.  This  part  and  the  boshing  stones  are  preferably  made 
from  a  coarse  sandstone  grit,  containing  large  rounded  grains  of  quartz,  united  by  a  sili- 
ceo-argillaceous  cement. 

The  bottom  of  the  hearth  consists,  first,  of  a  course  of  the  said  gritstone ;  beneath 
which  is  a  layer  of  bedding  sand,  having,  in  its  under 
part,  passages  for  the  escape  of  the  vapors  generated 
by  damps;  the  whole  being  supported  upon  pillars  of 
brick. 

Fig.  584  represents  the  hearth  and  boshes,  in  a 
vertical  side  section,  a  is  the  tymp  stone,  and  h  the 
tymp  plate  for  confining  the  liquid  metal  in  the  hearth. 
The  latter  is  wedged  firmly  into  the  side-walls  of  the 
hearth;  c  is  the  dam-stone,  which  occupies  the  whole 
breadth  at  the  bottom  of  the  hearth,  excepting  about  6 
inches,  which  space,  when  the  furnace  is  at  work,  is 
filled,  before  every  cast,  with  a  strong  binding  sand. 
This  stone  is  faced  outside  by  a  cast-iron  plate  d,  called 
the  dam-plate,  of  considerable  thickness,  and  peculiar 
shape.  The  top  of  the  dam-stone,  or  rather  the  notch 
of  the  dam-plate,  lies  from  4  to  8  inches  under  the 
level  of  the  tuyere  hole.  The  space  under  the  tymp  plate,  for  5  or  6  inches  down,  is 
rammed  full,  for  every  cast,  with  strong  loamy  earth,  or  even  fine  clay ;  a  process  called 
the  tymp  stopping.  The  area  of  the  base  of  this  furnace  being  38  feet,  its  extreme 
height  is  55  feet. 
The  blast  furnaces  of  StaflTordshire  have  always  two  tuyeres,  at  least,  placed  on  oppo- 
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site  sides,  but  so  pointeJ  that  llie  blast  may  not  pursue  directly  opposite  lines.  In  a  furnace 
acting  well  in  the  neisliboihood  of  Dudley,  ihe  one  of  the  tuyeres  was  10  inches  distant 
from  the  posterior  wall  of  ihe  hearth,  and  the  other  only  four  inches.  In  other  furnaces 
with  3  tuyeres,  the  side  ones  aie  placed,  the  one  I65  inches,  and  the  other  (15  inches 
from  the  back.  Three  tuyeres  are  seldom  made  to  blow  simultaneously.  The  third  is 
brought  into  action  only  when  the  furnace  stems  to  be  choked  up,  and  when  it 
becomes  necessary  to  clear  it  up  by  a  powerful  concussion.  Too  much  pains  cannot  be 
bestowed  on  the  masonry  and  brickwork  of  a  blast  furnace,  and  on  the  solidity  of  its 
foundation.  In  a  soft  ground  it  should  rest  on  piles,  so  driven  that  the  channel  left 
beneath  for  the  drainage  of  the  building  may  be  above  any  water  level.  Small  passages 
should  likewise  be  left  throughout  the  body  of  the  work,  for  the  transpiration  of  moisture. 
The  blowing  machines  employed  in  Stalfordshire  are  generally  cast-iron  cylinders,  in 
which  a  metallic  piston  is  exactly  filled  as  for  a  steam  engine,  and  made  in  the  same 
way.  Towards  the  top  and  bottom  of  the  blowins  cylinders  orifices  are  left  covered 
■with  valves,  which  open  inside  when  the  vacuum  is  made  with  the  cylinders,  and  after- 
wards shut  by  their  own  weight.  Adjutages  conduct  into  the  iron  globe  or  chest,  the  air 
expelled  by  the  jiiston,  both  in  its  ascent  and  descent;  because  these  blowing  machines 
have  always  a  double  stroke. 

The  pressure  of  the  air  is  m.ade  to  vary  through  a  very  considerable  range,  according 
to  the  nature  of  the  fuel  and  season  of  the  year ;  for  as  in  summer  the  atmosphere  is 
more  rarefied,  it  must  be  expelled  Avith  a  compensating  force.  The  limits  are  from  Ij 
pounds  to  3|  pounds  on  the  inch;  but  these  number?  represent  extreme  pro])ortions,  the 
average  amount  in  Staffordshire  being  3  pounds.  With  this  pressure  a  furnace  usually 
works,  which  aflbrds  CO  tons  of  cast-iron  in  the  week  ;  and  the  pressure  may  be  2^  pounds 
on  an  averase.  The  orifices,  or  nose-pipes,  through  which  the  air  issues,  also  vary  with 
the  nature  of  the  coke  and  the  ore.  In  Staffordshire  they  are  generally  from  2  inches  and 
5  tenths  to  2  inches  and  8  tenths  in  diameter. 

The  blowing  machines  of  Stafl'ordshire  are  always  impelled  by  steam  engines.  At  Mr. 
Bagnall's  works,  two  blast  furnaces,  40  feet  high,  exclusive  of  the  chimney  or  top,  and 
two  finery  furnaces,  are  worked  by  a  steam  engine  of  40  horses  power;  and  therefoie 
the  power  of  one  horse  corresponds  to  the  production  of  2^  tons  of  cast  iron  per  week, 
independently  of  the  finery. 

In  South  Wales,  especially  at  Pontypool,  there  are  slighter  blast  furnaces,  whose  upper 
portion  is  composed  of  a  single  range  of  bricks,  each  cf  which  is  20  inches  long,  4  thick, 
and  9  broad.  The  interior  of  the  chimney  1  eprestnts  an  inverted  cone.  These  furnaces 
derive  solidity,  and  power  to  resist  the  expansions  and  contractions  from  change  of  tem- 
perature, by  being  cased,  as  it  were,  in  horizontal  hoops,  placed  3  feet,  or,  even  in  some 
cases,  only  6  inches  asunder.  These  flat  rings  consist  of  four  pieces,  which  are  joined 
by  means  of  vertical  bars,  that  carry  a  species  of  ears  or  lings,  into  which  the  hoops  enter, 
and  are  retained  by  bolts  or  keys.  Instead  of  these  ears,  screw  nuts  are  also  employed 
for  the  junction.  Each  hoop  is  alternately  connected  to  each  of  the  eight  vertical  bars. 
The  interior  of  these  furnaces  is  the  same  as  of  the  others  ;  being  generally  frc;m  12  to 
14  feet  diameter  at  the  belly,  and  from  50  to  55  feet  high.  Though  slight,  they  last  as 
long  as  those  composed  of  an  outer  br.dy  of  masonry  and  a  double  lining  of  bricks;  and 
have  continued  constantly  at  work  for  three  years.  In  AVales  also  the  blast  furnaces  are 
generally  somewhat  larger  than  in  Staflbrdshire;  because  there  the  object  being  to  refine 
the  cast  iron,  they  wish  to  procure  as  laige  a  smelling  product  as  possible.  But  in  Staf- 
fordshire, a  line  quality  of  casting  iron  is  chiefly  sought  after,  and  hence  their  furnaces 
have  less  height,  but  nearly  tiie  same  width. 

In  a  blast  apparatus  employed  at  the  Cyfartha  works,  moved  by  a  90  horse  steam 
power,  the  piston  rod  of  Ihe  blowing  cylinder  is  connected  by  a  parallelogram  mechanism 
with  the  0|)posite  end  of  the  working  beam  of  the  steam  engine.  The  cylinder  is  9  feet 
4  inches  diameter,  and  8  feet  4  inches  high.  The  piston  has  a  stroke  8  ftet  long,  and  it 
rises  13  times  in  the  minute.  By  calculating  the  sum  of  the  spaces  percurred  by  the 
piston  in  a  minute,  and  supposing  that  the  volume  of  the  air  expelled  is  equal  to  only  96 
per  cent,  of  that  sum,  which  must  be  admitted  10  hold  with  machines  executed  wiih  so 
much  precision,  we  find  that  12,588  cubic  feet  of  air  are  propelled  every  minute.  Hence 
a  horse  power  applied  to  blowing  machines  of  this  nature  gives,  on  an  average,  137  cu- 
bic feet  of  air  per  minute.  The  pressure  on  the  air,  as  it  issues,  rarely  exceeds  two  pounds 
on  the  square  inch  in  the  Welsh  works. 

At  the  establishment  of  Cyfartha,  for  blowing  seven  smelting  furnaces,  and  the  seven 
corresponding  fineries,  three  steam  engines  are  employed,  one  of  90  horse  power, 
another  of  80,  and  a  third  of  40;  which  constitutes  in  the  whole  a  force  of  210  horses, 
or  26  horses  and  .1  per  funtace,  supposing  the  fineries  to  consume  one  eighth  of  the  blast. 
Tn  the  whole  of  the  works  of  Messrs.  Crawshay,  the  proprietors  of  Cyfartha,  the  itower 
of  about  350  horses  is  expended  in  blowing  12  smelting  fuinaces,  and  their  subordinate 
fineries ;  which  gives  from  25  to  26  horses  for  each,  allowing  as  before  one  eighth  for  the 
fineries.     As  these  furnaces  produce  each  about  fiO  tons  of  cast  iron  weekly,  we  find 


IRON.  699 

that  a  horse  power  corresponds  to  2  tons  and  a  tenth  in  that  time.  Each  of  the  furnaces 
consumes  about  3567  cubic  feet  of  air  per  minute.  These  works  have  been  greatly 
increased  of  late  years. 

The  following  analyses  of  the  English  coal  ironstones  have  been  made  by  M.  Berthier, 
at  the  school  of  mines  in  Paris. 


Rich  Welsh  Ore. 

Poor  Welsh  Ore. 

Rich  Ore  of  Dudley, } 
or  gulibin. 

Loss  by  ignition    -        -         . 
Insoluble  residuum 
Lime    ----- 
Peroxyde  of  iron  -        -        - 
On  calculating  the  quantities 
above  peroxyde  corresponds,  we 
Carbonate  of  iron 
Metallic  iron          .         -         - 

30-00                       27-00                      31-00 

8-40                       22-03                         7-66 

0-0                           600                        2-66 

60-00                       42-66                      58-33 

of  carbonate  of  iron,  and  metallic  iron,  to  which  the 

have : — 

88-77                      65-09                     85-20 
42-15                       31-38                      40-45 

The  mean  richness  of  the  ores  of  carbonate  of  iron  of  these  coal  basins  is  not  far  from 
33  per  cent.     About  28  per  cent,  is  dissipated  on  an  average,  in  the  roasting  of  the  ores. 

Every  ferruginous  clay-stone  is  regarded  as  an  iron  ore,  when  it  contains  more  than  20 
per  cent,  of  metal ;  and  it  is  paid  for  according  to  its  quality,  being  on  an  average  at  12 
shillings  per  ton  in  Staffordshire.  The  gubbin,  however,  fetches  so  high  a  pi  ice  as  16 
or  17  shillings.  The  ore  must  be  roasted  before  it  is  fit  for  the  blast  furnace,  a  process 
carried  on  in  the  open  air.  A  heap  of  ore  mingled  with  small  coal  (if  necessary)  is 
piled  up  over  a  stratum  of  larger  pieces  of  coal;  and  this  heap  may  be  6  or  7  feet  high, 
by  15  or  20  broad.  The  fire  is  applied  at  the  windward  end,  and  after  it  has  burned  a 
certain  way,  the  heap  is  prolonged  at  the  other  extremity,  as  far  as  the  nature  of  the 
ground  or  convenience  of  the  work  requires.  The  quantity  of  coal  requisite  for  roasting 
the  ore  varies  from  one  to  four  hundred  weight  per  ton,  according  to  the  proportion  of 
bituminous  matter  associated  with  the  iron-stone.  The  ore  loses  in  this  operation  from 
25  to  30  per  cent,  of  its  weight.  Three  and  a  quarter  tons  of  crude  ore,  or  two  and  a 
quarter  tons  of  roasted  ore,  are  required  to  produce  a  ton  of  cast-iron  ;  that  is  to  say,  the 
crude  material  yields  on  an  average  30-7  per  cent.,  and  the  roasted  ore  44-4  of  pig  metal. 
In  most  smelling  works  in  Stafl'ordshire,  about  equal  weights  of  the  rich  ore  in  round 
nodules  called  gubbin,  and  the  poorer  ore  in  cakes  called  blue  flat,  are  employed  together 
in  their  roasted  state ;  but  the  proportions  are  varied,  in  order  to  have  a  uniform  mix- 
ture, capable  of  yielding  from  30  to  33  per  cent,  of  metal. 

The  transition  or  carboniferous  limestone  of  Dudley  is  used  as  the  flux  ;  it  is  compact 
and  contains  little  clay.  The  bulk  of  the  flux  is  made  nearly  equal  to  that  of  the  ore. 
To  treat  two  tons  and  a  quarter  of  roasted  ore,  which  furnish  one  ton  of  pig  iron,  19 
hundred  weight  of  limestone  are  employed ;  constituting  nearly  1  of  limestone  for  3  of 
unroasted  ore.     The  limestone  costs  6  shillings  the  ton. 

Carbonized  pitcoal  or  coke  was,  till  within  these  few  years,  the  sole  combustible  used 
in  the  blast  furnaces  of  Staffordshire. 

The  coal  is  distributed  in  circular  heaps,  about  5  feet  diameter,  by  4  feet  high ;  and 
the  middle  is  occupied  by  a  low  brick  chimney,  piled  with  loose  bricks,  so  open  as  to  leave 
interstices  between  them,  especially  near  the  ground.  The  larger  lumps  of  coal  are 
arranged  round  this  chimney,  and  the  smaller  towards  the  circumference  of  the  heap. 
When  every  thing  is  adjusted,  a  kindling  of  coals  is  introduced  into  the  bottom  of  the 
brick  chimney ;  and  to  render  the  combustion  slow,  the  whole  is  covered  over  with  a  coat 
of  coal  dross,  the  chimney  being  loosely  closed  with  a  slab  of  any  kind.  Openings  are 
occasionally  made  in  the  crust  and  afterwards  shut  up,  to  quicken  and  retard  the  ignition 
at  pleasure,  during  its  continuance  of  24  hours.  Whenever  the  carbonization  has  reached 
the  proper  point  for  forming  good  coke,  the  covering  of  coal  dross  is  removed,  and  water 
is  thrown  on  the  heap  to  extinguish  the  combustion  ;  a  circumstance  deemed  useful  to 
the  quality  of  the  coke.  In  this  operation  the  Stafl'ordshire  coal  loses  the  half  of  its 
weight,  or  two  tons  of  coal  produce  one  of  coke. 

As  soon  as  the  blast  furnace  gets  into  a  regular  heat,  which  happens  about  15  days  or 
three  weeks  after  fires  have  been  put  in  it,  the  working  consists  simply  in  charging  it,  at 
the  opening  in  the  throat,  whenever  there  is  a  sufficient  empty  space;  the  only  rule 
being  to  keep  the  furnace  always  full.  The  coke  is  measured  in  a  basket,  thirteen  of 
which  go  to  the  ton.  The  ore  and  the  flux  (limestone)  are  brought  forwards  in  wheel- 
barrows of  sheet  iron.  In  24  hours,  there  are  thrown  into  a  furnace  such  as  fig. 
582,  J4i  tons  of  coke,  16  tons  of  roasted  ore,  and  6f  tons  of  limestone ;  from  which 
about  7  tons  of  pig  iron  are  procured.  This  is  run  off  every  12  hours;  in  some  works 
the  blast  is  suspended  during  the  discharge.    The  metal  intended  to  be  converted  into 
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bar  iron,  or  to  be  cast  again  into  moulds,  is  run  into  small  pigs  3  feet  long,  and  4  inches 
diameter ;  weighing  each  about  2  hundred  weight  and  a  half. 

The  disorders  to  which  blast  furnaces  are  liable  have  a  tendency  always  to  produce 
white  cast-iron.  The  color  of  the  slas  or  scoriae  is  the  surest  test  of  these  derange- 
ments, as  it  indicates  the  quality  of  the  products.  If  the  furnace  is  yielding  an  iron 
proper  for  casting  into  moulds,  the  slag  has  a  uniform  vitrification,  and  is  slightly  trans- 
lucid.  When  the  dose  of  ore  is  increased  in  order  to  obtain  a  gray  pig  iron,  fit  for 
fabrication  into  bars,  the  slag  is  opaque,  dull,  and  of  a  greenish-yellow  tint,  with  blue 
enamelled  zones.  Lastly,  when  the  furnace  is  producing  a  white  metal,  the  slags  are 
black,  glassy,  full  of  bubbles,  and  emit  an  odor  of  sulphureted  hydrogen.  The  scoriae 
from  a  coke  are  much  more  loaded  with  lime  than  those  from  a  charcoal  blast  furnace. 
This  excess  of  lime  appears  adapted  to  absorb  and  carry  ofl'  the  sulphur,  which  would 
otherwise  injure  the  quality  of  the  iron.  The  slags,  when  breathed  on,  emit  an  argilla- 
ceous odor. 

A  blast  furnace  of  50  or  60  feet  in  height  gives  commonly  from  60  to  70  tons  of  cast- 
iron  per  week ;  one  from  50  to  55  feet  high,  gives  60  tons ;  two  united  of  45  feet  produce 
together  100  tons;  and  one  of  36  feet  furnishes  from  30  to  40.  A  blast  furnace  should 
so  for  four  or  five  years  without  needing  restoration.  From  3^  to  4  tons  of  coal,  inclu- 
sive of  the  coal  of  calcination,  are  required  in  Stafl^ordshire  to  obtain  one  ton  of  cast-iron  ; 
and  the  expense  in  workmen's  wages  is  about  15  shillings  on  that  quantity. 

At  the  Cyfartha  works  of  Messrs.  Crawshay  in  South  Wales,  the  average  price  of  the 
lithoid  carbonate  of  iron,  ready  for  roasting,  is  only  7s.  6d.  a  ton,  and  its  richness  is  about 
.33  per  cent.  The  furnaces  for  roasting  the  ore  in  that  country  are  made  in  the  form  of 
cylinders,  placed  above  an  inverted  cone.  The  cylindrical  part  is  6  feet  high  and  wide, 
and  the  cone  is  about  4  feet  high,  with  a  base  equal  to  that  of  the  cylinder;  towards 
ihe  bottom  or  narrowest  part  of  the  inverted  cone,  there  is  an  aperture  which  terminates 
in  an  outlet  on  a  level  with  the  bottom  of  the  terrace  in  which  the  furnace  is  built. 
Sometimes,  however,  all  the  roasting  furnaces  are  in  a  manner  combined  into  one, 
which  resembles  a  long  pit  about  6  feet  in  width  and  depth,  and  whose  bottom  presents 
a  series  of  inverted  hollow  quadrangular  pyramids,  6  feet  in  each  side,  and  4  deep.  The 
bottom  or  apex  of  each  of  these  pyramids  communicates  with  a  mouth  or  door-way  that 
opens  on  a  lower  terrace,  through  v/hich  -the  ore  falls  in  proportion  as  it  is  roasted  ;  and 
whence  it  is  wheeled  and  tumbled  into  the  throat  of  an  adjoining  blast  furnace,  on  the 
same  level  with  the  terrace;  for  in  Wales  the  blast  furnace  is  generally  built  up 
against  the  face  of  a  hill,  which  makes  one  of  its  fronts.  The  above  roasting  fur- 
naces, which  closely  resemble  lime-kilns,  after  being  filled  with  alternate  strata  of  small 
coal  and  ore,  are  set  on  fire ;  and  the  roasted  ore  is  progressively  withdrawn  below,  as 
already  mentioned. 

The  product  of  coke  from  a  certain  weight  of  coal  is  greater  in  Wales  than  in  Staf- 
fordshire, though  the  mode  of  manufacture  is  the  same.  At  Pen-y-Darran,  for  example, 
5  of  coal  furnish  31  of  coke;  or  100  give  70 ;  at  Dov/lais  100  of  coal  afl^ord  71  of  coke, 
and  the  product  would  be  still  greater  if  more  pains  were  bestowed  upon  the  process. 
At  Dowlais,  coal  costs  only  2  shillings  a  ton  ;  at  Cyfartha,  it  is  worth  from  2s.  6d.  to  5 
shillings.     About  2  tons  of  coke  are  employed  in  obtaining  1  ton  of  cast-iron. 

According  to  M.  Berthier's  analysis,  the  slag  or  cinder  of  Dowlais  consists  of  silica, 
40-4;  lime,  38-4;  magnesia,  5-2;  alumina,  11'2;  protoxyde  of  iron,  3-8  ;  and  a  trace  of 
sulphur.  He  says  that  the  silica  contains  as  much  oxygen  as  all  the  other  bases  united; 
or  is  equivalent  to  them  in  saturating  power ;  and  to  the  excess  of  lime  he  ascribes  the 
freedom  from  sulphur,  and  the  good  quality  of  the  iron  produced.  The  specimen  exam- 
ined was  from  a  furnace  at  Merthyr-Tydvil.  Other  slags  from  the  same  furnace,  and  one 
from  Dudley,  furnished  upwards  of  2  per  cent,  of  manganese.  Those  which  he  analyzed 
from  Saint  Etienne,  in  France,  aflTorded  about  1  per  cent,  of  sulphur. 

The  consumption  of  coal  in  the  Welsh  smelting  furnaces  may  be  estimated,  on  an 
average,  at  3  tons  per  ton  of  cast-iron  ;  corresponding  to  2-1  of  their  coke.  From  this 
economy  in  the  quantity  of  fuel,  as  well  as  from  its  cheapness  and  that  of  the  iron  ore, 
the  iron  of  South  Wales  can  be  brought  into  the  market  at  a  much  lower  rate  than  that 
of  any  other  district.  These  blast  furnaces  remain  in  action  from  5  to  10  years ;  at  the 
end  of  which  time,  only  their  interior  surface  has  to  be  repaired.  The  lining  of  the 
upper  part  lasts  much  longer;  for  examples  are  not  wanting  of  its  holding  good  for 
nearly  40  years. 

One  of  the  greatest  improvements  ever  made  by  simple  means  in  any  manufacture  is 
the  employment  of  hot  air,  instead  of  the  ordinary  cold  air  of  the  atmosphere,  in  supply- 
ing the  blast  of  furnaces  for  smelling  and  founding  iron.  The  discovery«of  the  supe- 
rior power  of  a  hot  over  a  cold  blast  in  fusing  refraclory  lumps  of  cast-iron  was  acci- 
dentally observed  by  my  pupil,  Mr.  James  Beaumont  Neilson,  engineer  to  the  Glasgow 
gas  works,  about  the  year  1827,  at  a  smith's  forge  in  that  city,  and  it  was  made  the 
subject  of  a  patent  in  the  month  of  September  of  the  following  year.  No  particular 
construction  of  apparatus  was  described  by  the  inventor  by  which  the  air  was  to  be 
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heated,  and  conveyed  to  the  furnace ;  but  it  was  merely  staled  that  the  air  may  be 
heated  in  a  chamber  or  closed  vessel,  having  a  fire  under  it,  or  in  a  vessel  connected  in 
any  convenient  manner  with  the  forge  or  furnace.  From  this  vessel  the  air  is  to  be  forced 
by  means  of  bellows  into  the  furnace.  The  quantity  of  surface  which  a  heating  furnace  is 
required  to  have  for  a  forge,  is  about  1260  cubic  inches  ;  for  a  cupola  furnace,  about  10,000 
cubic  inches.  The  vessel  may  be  enclosed  in  brickwork,  or  fixed  in  any  other  manner 
that  may  be  found  desirable,  the  application  of  heated  air  in  any  way  to  furnaces  or 
forges,  for  the  purposes  of  working  iron,  being  the  subject  claimed  as  constituting  the 
invention. 

Wherever  a  forced  stream  of  air  is  employed  for  combustion,  the  resulting  temperature 
must  evidently  be  impaired  by  the  coldness  of  the  air  injected  upon  the  fuel.  The  heat 
developed  in  combustion  is  distributed  into  three  portions;  one  is  communicated  to  the 
remaining  fuel,  another  is  communicated  to  the  azote  of  the  atmosphere,  and  to  the  vo- 
latile products  of  combustion,  and  a  third  to  the  iron  and  fluxes,  or  other  surrounding 
matter  to  be  afterwards  dissipated  by  wider  diffusion.  This  inevitable  distribuiion  takes 
place  in  such  a  way,  that  there  is  a  nearly  equal  temperature  over  the  whole  extent  of  a 
fire-place,  in  which  an  equal  degree  of  combustion  exists. 

We  thus  perceive  that  if  the  air  and  the  coal  be  very  cold,  the  portions  of  heat  ab- 
sorbed by  them  might  be  very  considerable,  and  sufficient  to  prevent  the  resulting  tem- 
perature from  rising  to  a  proper  pitch ;  but  if  they  were  very  hot  they  would  absorb 
less  caloric,  and  would  leave  more  to  elevate  the  common  temperature.  Let  us  suppose 
two  furnaces  charged  with  burning  fuel,  into  one  of  which  cold  air  is  blown,  and  into 
the  other  hot  air,  in  the  same  quantity.  In  the  same  time,  nearly  equal  quantities  of  fuel 
will  be  consumed  with  a  nearly  equal  production  of  heat ;  but  notwithstanding  of  this, 
there  will  not  be  the  same  degree  of  heat  in  the  two  furnaces,  for  the  one  which  re- 
ceives the  hot  air  will  be  hotter  by  all  the  excess  of  heat  in  its  air  above  that  of  the 
other,  since  the  former  air  adds  to  the  heat  while  the  latter  abstracts  from  it.  Nor  are 
we  to  imagine  that  by  injecting  a  little  more  cold  air  into  the  one  furnace,  we  can  raise 
its  temperature  to  that  of  the  other.  With  more  air  indeed  we  should  burn  more  coals 
in  the  same  time,  and  we  should  produce  a  greater  quantity  of  heat,  but  this  heat  being 
diffused  proportionally  among  more  considerable  masses  of  matter,  would  not  produce  a 
greater  temperature ;  we  should  have  a  larger  space  heated,  but  not  a  greater  intensity 
of  heat  in  the  same  space. 

Thus,  according  to  the  physical  principles  of  the  production  and  distribution  of  heat, 
fires  fed  with  hot  air  should,  with  the  same  fuel,  rise  to  a  higher  pitch  of  temperature 
than  fires  fed  with  common  cold  air.  This  consequence  is  independent  of  the  masses, 
being  as  true  for  a  small  stove  which  burns  only  an  ounce  of  charcoal  in  a  minute,  as 
for  a  furnace  Avhich  burns  a  hundred  weight ;  but  the  excess  of  temperature  produced  by 
hot  air  cannot  be  the  same  in  small  fires  as  in  great ;  because  the  waste  of  heat  is  usually 
less  the  more  fuel  is  burned. 

This  principle  may  be  rendered  still  more  evident  by  a  numerical  illustration.  Let 
lis  take,  fur  example,  a  blast  furnace,  into  which  600  cubic  feet  of  air  are  blown  per 
minute ;  suppose  it  to  contain  no  ore,  but  merely  coal  or  coke,  and  that  it  has  been  burn- 
ing long  enough  to  have  arrived  at  the  equilibrium  of  temperature,  and  let  us  see  what 
excess  of  temperature  it  would  have  if  blown  with  air  of  300°  C.  (572°  F.),  instead  of  be- 
ing blown  with  air  at  0°  C. 

600  cubic  feet  of  air  under  the  mean  temperature  and  pressure,  weigh  a  little  more 
than  45  pounds  avoirdupois;  they  contain  10-4  pounds  of  oxygen,  which  would  burn  very 
nearly  4  pounds  of  carbon,  and  disengage  16,000  times  as  much  heat  as  would  raise  by 
one  degree  Cent,  the  temperature  of  two  pounds  of  water.  These  16,000  portions  of  heat, 
produced  every  minute,  will  replace  16,000  other  portions  of  heat,  dissipated  by  the  sides 
of  the  furnace,  and  employed  in  heating  the  gases  which  escape  from  its  mouth.  This 
must  take  place  in  order  to  establish  the  assumed  equilibrium  of  caloric. 

If  the  45  pounds  of  air  be  heated  beforehand  up  to  300°  C,  they  will  contain  about 
the  eishth  part  of  the  heat  of  the  16,000  disengaged  by  the  combustion,  and  there  Avill 
be  therefore  in  the  same  space  one  eighth  of  heat  more,  which  will  be  ready  to  operate 
upon  any  bodies  within  its  range,  and  to  heat  them  one  eighth  more.  Thus  the  blast 
of  300°  C.  gives  a  temperature  which  is  nine  eighths  of  the  blast  at  zero  C,  or  at  even 
the  ordinary  atmospheric  temperature;  and  as  v/e  may  reckon  at  from  2200°  to  2700°  F. 
(from  1200°  to  1500°  C),  the  temperature  of  blast  furnaces  worked  in  the  common  way, 
we  perceive  that  the  hot  air  blast  produces  an  increase  of  temperature  equal  to  from  270° 
to  360°  F. 

Now  in  order  to  appreciate  the  immense  effects  which  this  excess  of  temperature  may 
produce  in  metallurgic  operations,  we  must  consider  that  often  only  a  few  degrees  more 
temperature  are  required  to  modify  the  state  of  a  fusible  body,  or  to  determine  the  play 
of  affinities  dormant  at  lower  degrees  of  heat.  Water  is  solid  at  1°  under  32°  F. ;  it 
is  liquid  at  1°  above.     Every  fusible  body  has  a  determinate  melting  point,  a  very  few 


702 


IRON. 


degrees  above  which  it  is  quite  fluid,  though  it  may  be  pasty  below  it.  The  same  ob 
servation  applies  to  ordinary  chemical  affinities;  charcoal,  for  example,  which  reduces 
the  greater  part  of  metallic  oxydes,  begins  to  do  so  only  at  a  determinate  pitch  of  tem- 
perature, under  which  it  is  inoperative,  but  a  few  degrees  above,  it  is  in  general  lively 
and  complete.  It  is  unnecessary,  in  this  article,  to  enter  into  any  more  details  to  show 
the  influence  of  a  few  degrees  of  heat,  more  or  less,  in  a  furnace,  upon  chemical  opera- 
tions, or  merely  upon  physical  changes  of  state. 

These  consequences  might  have  been  deduced  long  ago,  and  industry  might  thus  have 
been  enriched  with  a  new  application  of  science ;  but  philosophers  have  been  and  still 


are  too  much  estransed  from  the  study  of  the  useful  arts,  and  content  themselves  too 
much  with  the  minutiae  of  the  laboratory  or  theoretic  abstractions.  Within  the  space  of 
7  years,  the  use  of  the  hot  blast  has  been  so  much  extended  in  Great  Britain,  as  to  have 
enabled  many  proprietors  of  iron  works  to  add  50  per  cent,  to  their  weekly  production  of 
metal,  to  diminish  the  expenses  of  smelting  by  50  per  cent.,  and,  in  many  cases,  to  produce 
a  better  sort  of  cast  iron  from  indifferent  materials. 

586  587 


The  figures  here  given  represent  the  blast  furnace,  and  all  the  details  of  the  air  heating, 


at  one  view.  Fig.  5S3  is  a  vertical  section  of 
the  furnace  and  the  apparatus ;  Jig.  585  repre- 
sents the  plan  at  the  height  of  the  line  1,  2,  of 
Jig.  583.  The  blowing  machine,  wliich  is  not 
shown  in  this  view,  injects  the  air  through  the 
pipe  A,  into  the  regulator  chamber  r,  Jig.  585  ; 
the  air  thence  issues  by  the  pipe  e,  proceeds  to 
c,  where  it  is  subdivided  into  two  portions;  the 
one  passes  nlons  the  pipe  c  d  to  get  to  the 
tuyere  t,  the  other  passes  behind  the  furnace, 
and  arrives  at  the  tu\'ere  t'  by  the  pipe  c  e  f. 

These  pipes  aie  distributed  in  a  long  furnace 
or  flue,  whose  bottom,  sides,  and  top  are  formed 
with  file  brick,  where  they  are  exposed  to  the 
action  of  the  flame  of  the  three  fires  x,  y,  z. 
The  flame  of  the  fire  x  plays  round  the  pipe  b  at 
its  entrance  into  the  flue,  and  quits  it  only  to  go 
into  the  chimney  h;  that  of  the  fire  y  ads  from 
the  point  t>  to  the  same  chimney,  passing  by  the 
elbow  c ;  that  of  the  fire  z  acts  equally  upon  f 
and  n,  in  passing  by  the  elbow  e. 

Dis/iosilion  of  the  Jircs  and  furnace. — Fig. 
times   larger   than  Jig.    585,  the   section  of  the 
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fire  X,  of  which  the  plan  is  seen  in  fig.  585,  and  the  elevation  in  fig.  583 ;  as  also  in  the 
outsi(le  view  of  the  blast  furnace,  fig.  589. 

The  grate  is  at  L;  the  fuel  is  introduced  by  the  door  p,  fig.  583  ;  the  flame  rises  above 
the  bridge  i  k,  and  proceeds  along  the  vaulted  flue  towards  the  chimney  h.  Through  a 
length  of  about  13  feet,  including  the  grate,  the  furnace  is  on  each  side  supported  by 
oblong  plates  of  cast-iron,  which  are  bound  together  by  4  upright  ribbed  or  feathered 
bars,  also  on  each  side;  these  bars,  «,  beins  bound  together  by  iron  rods  furnished  with 
screw  nuts  at  their  ends  (figs.  583,  585,  586).  Beyond  this  distance,  the  outside  of  tlie 
furnace  is  mere  brickwork. 

The  fires  y  and  z  have  exactly  a  like  disposition  with  the  above. 

Fig.  586  indicates  the  dimensions  and  the  curvature  of  the  arch  above  the  grate,  near 
the  bridge  ;  fig.  587  represents  the  section  of  the  furnace  and  of  the  pipe  beyond  the  cast- 
iron  casing. 

I  find  that  the  furnace  is  only  about  3  feet  wide  at  the  bottom,  and  that  the  elevation 
of  the  arch  above  the  bottom  is  no  more  than  30  inches.     Perhaps  it  might  be  made  a 
little  wider  with  advantage;  the  combustion  would  be  more  vigorous  and  effective ;  and 
if  the  sides  also  were  a  little  thicker,  the  heat  would  be  better  confined. 
The  distance  from  the  fire-place  x  to  the  chimney  h,  is  431  feet. 

—  —        T  to  the  point  c,  is         13    — 

—  —         z  to  the  chimnej',  is      29    —    including    the 

turn  of  the  elbow  e. 

Dislribulion  of  the  pipes. — At  b  the  pipe  is  18  inches  diameter  outside,  and  one  inch 
thick  of  metal,  and  it  tapers  to  c ;  from  c  to  d  and  from  d  to  c  the  pipes  are  only  1 1  inches 
in  external  diameter,  and  three  fourths  of  an  inch  thick  ;  they  are  5  feet  Ion?,  and  are 
united  by  two  kinds  of  joints  ;  the  ordinary  ones,  and  those  of  compensation,  to  give 
play  for  the  expansion  and  contraction.  One  of  these  is  seen  between  b  and  c,  one  be- 
tween c  and  D,  one  between  c  and  e,  and  a  fourth  between  e  and  f.  These  pipes  and 
their  adjustment  are  seen  more  at  large  in  fig.  588  ;  u  v  is  one  of  these  pipes,  its  widened 
mouth  receives  the  extremity  m  of  the  preceding  pipe.  These  pieces  are  truly  bored  and 
turned  to  fit  each  other,  and  slide  out  and  in  like  telescope  tubes,  by  the  efiect  of  dilata- 
tion and  contraction  of  the  pipes  with  changes  of  temperature. 

At  certain  distances  castors  or  friction-rollers  of  cast-iron  are  placed  to  carry  the  pipes, 
which  roll  upon  oblong  plates  of  cast-iron  laid  upon  the  floor  of  the  flues.  These  castors 
are  shown  at  a,  b,  c,  d,  e,  f,  g,  fig.  585;  one  of  them  is  shown  separate  upon  a  larger 
scale  at  G,  in  fig.  587,  as  also  the  plate  or  rail  s,  on  which  it  runs. 

The  tuyeres  t  t'  are  adjusted  into  the  pipe  behind  them  ;  this  is  truly  bored,  so  as  to 
allow  the  thick  end  of  the  tuyere  to  slide  tightly  backwards  and  forwards  in  it,  like  a 
piston  in  the  barrel  of  a  pump;  a  diaphragm  moreover  prevents  the  tuyere  from  being 
drawn  or  forced  entirely  out  of  its  tube.  At  the  side  of  this  tube  there  is  a  small  orifice, 
which  may  be  shut  or  opened  at  pleasure  with  a  stopcock  or  screw-plug  :  it  serves  to  try 
the  degree  of  heat  of  the  air-blast ;  if  a  lead  wire  does  not  melt  when  held  at  this  hole, 
the  temperature  is  reckoned  too  low;  being  under  the  6I2lh  degree  of  Fahrenheit.  The 
nozzles  are  2  inches  in  diameter. 

Near  the  fire-places  of  the  air-heating  furnaces  the  pipes  are  at  a  cherry-red  heat ;  and 
lest  they  should  be  burned,  they  are  there  coated  with  a  lute  of  fire-clay,  as  shown  near 
K,  in  fig.  586.  By  this  means  the  air  is  kept  up  at  the  heat  of  350°  C,  or  662°  F.,  a 
little  above  the  boiling  point  of  quicksilver. 

Qtianiily  of  air  and  pressure. — The  blowing-machine  belonging  to  the  above  blast- 
furnace is  moved  by  a  water  wheel  of  22  horse  power  ;  the  pistons  are  4  feet  in  diameter, 
have  a  35-feet  stroke,  work  double,  and  expel  1200  cubic  feet  of  air  in  the  minute;  or 
600  cubic  feet  for  each  nozzle.  The  pressure  of  the  air  is  equivalent  to  no  more  than 
2  or  2\  inches  of  mercury  ;  formerly  with  cold  air  it  amounted  to  3^  inches.  This  fur- 
nace yields,  upon  an  average,  5|  tons  of  cast-iron  daily,  and  consumes  I5  cwt.  of  coke 
for  each  cwt.  of  cast-iron  produced  ;  bemg  7  tons  of  coke  per  diem. 

The  consumption  of  the  three  flue  fires  is  30  pounds  of  small  coal,  for  100  pounds  of 
cast-iron  produced,  which  may  be  reckoned  equivalent  to  15  pounds  of  coke  ;  hence  alto- 
gether each  ton  of  cast-iron  requires  for  its  production  ]|  tons  of  coke. 

The  same  furnace  worked  with  the  cold  blast,  the  same  pressure,  and  the  same  ores, 
produced  only  85  tons  of  cast-iron  daily,  with  an  expenditure  of  2'55  of  coke  for  1  of 
cast-iron  ;   in  which  case  the  coke  amounted  to  9  tons  daily. 

The  returns  by  the  hot  blast  compared  with  those  by  the  cold,  are  therefore  as  the 
numbers  3  and  2,  which  shows  an  advantage  by  the  former  plan  of  50  per  cent.  The 
consumption  of  fuel  in  the  two  cases  is  as  8  to  9,  beins:  a  saving  in  this  article  of  about 
11  per  cent.     Coke  is  used  on  account  of  sulphur  in  the  coal. 

Hot-blast  heated  by  tlie  fame  of  the  furnace  mouth. — This  system  is  mounted  in  Staf- 
fordshire. The  heatins;  apparatus  is  tliere  set  immediately  upon  the  niouih  of  the  fur- 
nace ;  and  is  composed  of  two  large  cast-iron  cylinders  of  the  same  length,  the  one  within 
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the  other,  leaving  a  space  between  them.  This  annular  interval  amounts  to  16  inches 
and  it  is  closed  at  top  and  bottom  :  but  the  innermost  cylinder  is  open  at  both  ends,  and 
forms,  indeed,  the  vent  of  the  chimney  or  furnace.  It  carries  nine  rows  of  pipes,  three 
in  each  row,  which  cross  its  interior,  and  open  into  the  annular  space. 

The  flame  of  the  furnace  passes  between  the  intervals  of  the  cross  pipes,  heatin? 
them,  and  also  the  two  upright  cylinders  with  which  they  are  cpnnected.  The  air  of 
the  blowing  machine  arrives  by  a  vertical  pipe,  which  is  placed  at  the  back  of  the  fur- 
nace ;  it  enters  into  the  above  annular  space,  and  thence  circulates,  with  more  or  less 
velocity,  through  the  27  cross  tubes,  upon  which  the  flame  is  continually  playing;  lastly, 
it  is  drawn  through  to  the  bottom  of  the  annular  space ;  the  two  tubes  which  conduct  it 
to  the  two  tuyeres,  pass  down  within  the  brickwork  of  the  furnace,  and  thus  prevent  the 
dissipation  of  its  heat. 

Below  this  heating  apparatus  there  is  a  door  for  putting  the  charges  into  the  furnace. 

The  above  arrangement  does  not  seem  to  be  the  best  for  obtaining  the  greatest  possi- 
ble heat  for  the  blast,  nor  for  favoring  the  free  action  of  the  furnace;  but  it  illustrates 
perfectly  well  the  principle  of  this  application.  A  serpentine  movement  in  a  long  bent 
hot  channel  would  be  much  better  adapted  for  communicating  heat  to  so  bad  a  conductoi 
as  air  is  known  to  be. 

In  the  month  of  July,  1836,  I  paid  a  visit  to  Codner  Park  and  Butterly  works,  in  Der- 
byshire, belonging  to  the  eminent  iron-masters,  Messrs.  Jessop  &  Co.,  where  I  was 
kindly  permitted  not  only  to  study  the  various  processes  of  the  manufacture  of  cast  and 
wrought  iron,  but  to  inspect  the  registers  of  the  products  of  cast  iron  in  their  blast 
furnaces  for  several  years  back.  It  appeared  that  in  the  year  1829,  only  29  tons  of 
cast-iron  were  made  weekly  in  each  of  the  blast  furnaces  at  Codner  Park.  They 
were  then  worked  with  coke,  and  blown  with  cold  air.  Each  ton  of  iron  required 
for  its  production,  at  that  time,  6*82  tons  of  coals,  made  into  coke  for  smelting ;  with 
2*64  of  roasted  iron  ore  (carbonate),  called  mine;  and  0'87  of  limestone,  the  casliue  of 
the  French. 

In  1835  and  1836,  the  same  furnaces  turned  out  weekly  49  tons  of  cast-iron  each;  and 
every  ton  of  iron  required  for  its  production  only  3  tons  of  coal  (not  made  into  coke) ; 
2-72  tons  of  mine ;  and  0*77  of  lime. 

In  1829,  and  for  many  years  before,  as  well  as  one  or  two  after,  each  ton  of  coals  is  said 
to  have  cost  for  coking  the  sum  of  6*.,  whence  the  6-82  tons  of  coals  then  converted  into 
coke  for  smelting  one  ton  of  iron,  cost  fully  40«.  in  coking  alone,  in  addition  to  their  prime 
cost.  The  saving  in  this  respect,  therefore,  is  40*.  upon  each  ton  of  iron,  besides  the 
saving  of  fully  half  the  coal,  and  the  increased  produce  of  nearly  60  per  cent,  of  metal 
per  week.  The  iron-master  pays  the  patentee  1*.  upon  every  ton  of  iron  which  he 
makes,  and,  at  the  prices  of  1836,  he  lessened  his  expenses  by  at  least  SO*,  or  40s.  per 
ton  by  the  patent  improvement. 

The  following  tabular  view  of  the  progression  in  the  management  and  results  of  the 
hot  blast,  is  given  by  M.  Dufrenoy,  after  visiting  the  various  iron  works  in  this  country 
where  it  had  been  introduced. 

"  At  the  Clyde  iron  works,  near  Glasgow ;  in  1829,  when  the  combustion  was  effected 
by  the  cold  air  blast, —  c^^i 

Tons.  cwt.  lbs. 

There  were  consumed,  for  smelting,  3  tons  of  coke,  equivalent  to         -    6     13     0 
—  for  the  blowing  engine    -  -  -  -     1       0     7 

Total  coal  per  ton  of  iron         -    7     13     7 
Limestone         -  -  -     0     10|  0 

In  1831,  with  the  hot  blast  at  450°  F.,  coke  being  still  used  in  smelting, — 
There   were   consumed,   for  smelting,  1  ton,  18  cwt.  of  coke,  equiva- 
lent to  -  -  -  -  -  -  -  -460 

—  for  heating  the  air,  5  cwt.  >  0     12    4 

—  for  the  blowing  engine,  7  cwt.  4  lbs.  J 

Total  coal  per  ton  of  iron        -    4     18    4 
Limestone        -  -  -    0       9     0 

In  July,  1833,  with  the  hot  blast  at  612°  F.,  raw  coal  alone  being  used 
for  smelting, — 

There  were  consumed :  for  smelting        -  .  .  .  . 

—  for  heating  the  air  .... 

—  for  the  blowing  engine  -  .  .  ■ 

Total  coal  per  ton  of  iron 
Limestone 
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"  At  the  last  period  the  use  of  hot  air  had  increased  the  make  of  the  furnaces  by  more 
than  one  third,  and  had  consequently  produced  a  great  saving  of  expense  in  the  article 
of  labor.  The  quantity  of  blast  necessary  for  the  furnaces  was  also  sensibly  diminished; 
for  a  blowing  engine  of  seventy-horse  power,  which,  in  1829,  served  only  for  three  blast 
furnaces,  was  now  sufficient  for  the  supply  of  four. 

"  On  comparing  these  several  results,  we  find  that  the  economy  of  fuel  is  in  proportion 
to  the  temperature  to  which  the  air  is  raised.  As  for  the  actual  saving,  it  varies  in 
every  work,  according  to  the  nature  of  the  coal,  and  the  care  with  which  the  operation 
is  conducted. 

"  This  process,  though  it  has  been  four  years  in  use  in  the  works  near  Glasgow 
(which  it  has  rescued  from  certain  ruin),  has  scarcely  passed  the  borders  of  Scotland; 
the  marvellous  advantages,  however,  which  it  has  produced,  are  beginning  to  triumph 
over  prejudice,  and  gradually  to  extend  its  use  into  the  different  English  iron  districts. 
There  are  one-and-twenty  works,  containing  altogether  sixty-seven  blast  furnaces,  in 
which  hot  air  is  used.  The  pig  iron  run  out  of  these  furnaces  is  generally  No.  1,  and  is 
fit  for  making  the  most  delicate  castings.  This  process  is  equally  applicable  to  forge 
pigs  for  the  manufacture  of  bar  iron ;  since  in  order  to  obtain  this  quality  of  iron,  it  is 
only  necessaiy  to  alter  the  proportion  of  fuel  and  mineral.  In  the  forges  of  the  Tyne  iron- 
works, near  Newcastle,  and  of  Codner  Park,  near  Derby,  pigs  made  in  furnaces  blown  by 
hot  air,  are  alone  used  in  the  manufacture  of  bar  iron. 

"  In  the  side  of  the  tuyere  pipe  a  small  hole  is  made,  by  means  of  which  the  heat  of 
the  air  may  be  ascertained  at  any  moment.  This  precaution  is  indispensable,  it  being  of 
importance  to  the  beneficial  use  of  hot  air,  that  it  be  kept  at  a  uniformly  high  temperature. 
With  a  proper  apparatus  the  air  is  raised  to  612  degrees  Fahr.,  which  is  a  greater  heat, 
by  several  degrees,  than  is  necessary  for  the  fusion  of  lead." 

"  At  Calder  works  the  consumption  of  fuel  has  diminished  in  the  proportion  of  7  tons 
17  cwts.  to  2  tons  2  cwts.  There  has  also  been  a  great  diminution  of  expense  in  limestone, 
of  which  only  51  cwts.  are  now  used,  instead  of  13  cwts.,  which  were  used  in  1828.  This 
decrease  results,  as  I  have  already  said,  from  the  high  temperature  which  the  furnace  has 
acquired  since  the  introduction  of  hot  air. 

"  The  quantity  of  blast  has  been  reduced  from  3500  cubic  feet  per  minute,  to  2627 
cubic  feet ;  the  pressure  also  has  been  reduced  from  3 f  to  2|  lbs." 

Of  Ihe  refinery  of  cast-iron,  or  its  conversion  into  bar-iron,  in  England. — This  operation 
is  naturally  divisible  into  three  distinct  parts.  The  first,  or  the  finery  properly  speaking, 
is  executed  in  peculiar  furnaces  called  running  out  fires  ;  the  second  operation  completes 
the  first,  and  is  called  puddling ;  and  the  thii-d  consists  in  welding  several  iron  bars  to- 
gether, and  working  them  under  forge  hammers,  and  between  rolls. 

1.  The  finery  furnaces  are  composed  of  a  body  of  brickwork,  about  9  feet  square ;  rising 
but  little  above  the  surface  of  the  ground.  The  hearth,  placed  in  the  middle,  is  two 
feet  and  a  half  deep ;  it  is  rectangular,  being  in  general,  3  feet  by  2,  with  its  greatest 
side  parallel  to  the  face  of  the  tuyeres ;  and  it  is  made  of  cast  iron  in  four  plates.  On  the 
side  of  the  tuyeres  there  is  a  single  brick  wall.  On  the  three  other  sides,  sheet  iron  doors 
are  placed,  to  prevent  the  external  air  from  cooling  the  metal,  which  is  almost  always 
worked  under  an  open  shed,  or  in  the  open  air,  but  never  in  a  space  surrounded  by  walls. 
The  chimney,  from  15  to  18  feet  high,  is  supported  upon  four  columns  of  cast  iron;  its 
lintel  is  four  feet  above  the  level  of  the  hearth,  in  order  that  the  laborers  may  work  with- 
out restraint. 

The  number  of  tuyeres  is  from  two  to  three;  they  are  placed  at  the  height  of  the  lip 
of  the  crucible  or  hearth,  and  distributed  so  as  to  divide  its  length  into  equal  parts ; 
their  axes  being  inclined  towards  the  bottom,  at  an  angle  of  from  25°  to  30°,  so  as  to  point 
upon  the  bath  of  melted  metal  as  it  flows.  The  cast-iron  nose-pipe  is  incased,  and  water 
is  made  to  circulate  in  the  hollow  space  by  means  of  cylindrical  tubes ;  being  introduced 
by  one  tube,  and  let  off  by  another,  so  as  to  prevent  the  tuyeres  from  getting  burned  in 
the  process. 

Two  nozzles  are  usually  placed  in  each  tuyere,  to  render  the  blast  constant  and  uni- 
form ;  and  for  the  same  end,  the  air  impelled  by  the  bellows,  is  sometimes  received  at 
first  in  a  regulator.  The  quantity  of  air  blown  into  the  fineries  is  considerable ;  being 
nearly  400  cubic  feet  per  minute  for  each  finery ;  or  about  the  eighth  part  of  the  consump- 
tion of  a  blast  furnace. 

The  finery  furnace,  or  running  out  fire,  is  represented  in  ^g*.  590  and  591.  It  is  a 
smelting  hearth,  in  which  by  first  fusing  and  then  cooling  gray  cast  iron  in  a  peculiar 
way,  it  is  converted  into  white  cast  iron,  called  fine  iron,  or  fine  metal,  of  the  quality  of 
forge  pig,  for  making  malleable  iron  by  the  puddling  process.  The  furnace  resembles  the 
forge  hearth  employed  in  Germany  and  France  for  converting  forge  pig  into  wrought 
iron  ;  but  it  differs,  particularly  in  this,  that  the  fused  iron  is  run  out  into  an  oblong  iron 
trough,  for  sudden  congelation. 

a  is  the  aii-chest,  in  communication  with  tlio  blowing  cylinder,  or  bellows ;  the  air 
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being  conducted  through  at  least  two  blast  pipes  to  the  fire,  and  sometimes  through 
even  4  or  6  pipes,     b  is  the  side  of  the  furnace,  corresponding  to  the  tuyere  plates,  in 


■which  are  the  openings  for  the  blast  pipes.  All  the  sides  of  the  furnace  are  hollow,  and 
are  kept  cool  by  the  circulation  of  water  through  the  cavity  between  them,  c  is  the  front 
wall  of  the  furnace,  having  a  strong  cast  iron  plate  containing  the  tap  holes  for  running 
off  the  melted  metal,  d  d  is  the  exterior  wall  of  the  furnace,  which  corresponds  to  the 
conire-vetit  and  ash-hearth  of  the  French  refining  forge,  e,  is  the  top  plate  upon  which  the 
coke  is  piled  up  in  store.  //,//,  iron  props  of  the  chimney,  (not  shown  in  this  view),  g, 
cast  iron  trough  into  which  the  fine  iron  is  run  off  in  fusion  ;  which  is  sometimes  made 
in  one  piece,  but  more  usually  in  separate  plates  joined  together.  Beneath  this  mould 
a  stream  of  water  is  made  to  flow,     h  is  the  bottom  of  the  hearth,  covered  with  sand. 

In  the  finery  process,  the  hearth  or  crucible  of  the  furnace  is  filled  with  coke ;  then  six 
pigs  of  cast  iron  are  laid  horizontally  on  the  hearth,  namely,  four  of  them  parallel  to 
the  four  sides,  and  two  in  the  middle  above ;  and  the  whole  is  covered  up  in  a  dome- 
form,  with  a  heap  of  coke.  The  fire  is  now  lighted,  and  in  a  quarter  of  an  hour  the 
blast  is  applied.  The  cast  iron  flows  down  gradually,  and  collects  in  the  crucible ;  more 
coke  being  added  as  the  first  quantity  burns  away.  This  operation  proceeds  by  itself; 
the  melted  metal  is  not  stirred  about,  as  in  some  modes  of  refinery,  and  the  temperature 
is  always  kept  high  enough  to  preserve  the  metal  liquid.  During  this  stage  the  coals 
are  observed  continually  lieaving  up,  a  movement  due  in  part  to  the  action  of  the  blast, 
and  in  part  to  an  expansion  caused  in  the  metal  by  the  discharge  of  gaseous  oxyde  of 
carbon.  When  all  the  pig  iron  is  collected  at  the  bottom  of  the  hearth,  which  happens 
commonly  at  the  end  of  two  hours,  or  two  and  a  half,  the  tap  hole  is  opened,  and  the 
fine  metal  flows  out  with  the  slag,  into  the  loam-coated  pit,  on  a  plate  10  feet  long, 
3  broad,  and  from  2  inches  to  £5  thick.  A  portion  of  the  slag  forms  a  small  crust  on  the 
surface  of  the  metal ;  but  most  part  of  it  collects  in  a  basin  scooped  out  at  the  bottom  of 
the  pit,  into  which  the  fine  metal  is  run. 

A  large  quantity  of  water  is  thrown  on  the  fine  metal,  with  the  view  of  rendering  it 
brittle,  and  perhaps  of  partially  oxydizing  it.  This  metal  suddenly  cooled,  is  very  white, 
and  possesses  in  general  a  fibrous  radiated  texture  ;  or  sometimes  a  cellular,  including  a 
considerable  number  of  small  spherical  cavities,  like  a  decomposed  amygdaloid  rock.  If 
the  cast  iron  be  of  bad  quality,  a  little  limestone  is  occasionally  used  in  the  above 
operation. 

Three  samples  of  cinder,  analyzed  by  Berthier,  gave. 

Silica  0-276;  protox.  of  iron,'0-612;   alumina,  6-040  ;  phosp.  acid.  0-072,  Dudley. 

—  0-368  —  0-610        —        0-015;  puddling  of  Dowlais. 

—  0-424  —  0-520        —        0-033;  ditto. 

The  remarkable  fact  of  the  presence  of  phosphoric  acid,  shows  how  important  this  oper- 
ation is  to  the  purification  of  the  iron.  The  charge  varies  from  a  ton  and  a  quarter  to  a 
ton  and  a  half  of  pigs;  and  the  loss  by  the  process  varies  from  12  to  17  per  cent. 

The  fine  metal  is  broken  into  fragments,  and  sent  to  the  puddling  furnace  after  the 
product  of  each  operation  has  been  weighed.  The  coal  consumed  in  the  fine  metal 
process  is  from  4  to  5  hundred  weight  for  the  ton  of  cast  iron.  About  10  tons  may  be 
refined  per  diem,  a  quantity  somewhat  greater  than  the  supply  from  a  blast  furnace  ;  but 
the  fineries  are  not  worked  on  the  Sundays  ;  and  therefore  a  smelting  furnace  just  keeps 
one  of  them  in  play.  Whatever  care  be  taken  in  this  process,  the  bar  iron  finally 
resulting  is  never  so  good  as  if  wood  charcoal  had  been  used  in  the  refinery ;  and  hence 
in  making  sheet  iron  for  the  tin  plate  manufacture,  wood  charcoal  is  substituted  for 
coke  in  one  Welsh  establishment.     The  cast  iron  treated  with  charcoal,  gets  into  clots 
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or  lumps  in  the  finery  furnace,  which  are  lifted  out,  set  under  the  hammer,  and  flattened 
into  thin  cakes. 

The  main  effect  of  the  finery  process,  is  probably  the  separation  of  the  plumbagi- 
nous part  of  the  charcoal,  which  is  disseminated  through  the  gray  cast  iron  in  a  state 
of  imperfect  chemical  combination.  When  that  is  removed  the  metal  becomes  more 
homogeneous,  having  no  crystalline  carbon  present  to  counteract  its  transition  into  pure 
iron ;  much  of  the  silica  and  manganese  are  also  vitrified  together,  and  run  off  in  the  finery 
cinder. 

2.  The  puddling  furnace  is  of  the  reverberatory  form.  It  is  bound  generally  with  iron, 
as  represented  in  the  side  view.  Jig.  592,  by  means  of  horizontal  and  vertical  bars,  which 

592 


are  joined  together  and  fixed  by  wedges,  to  prevent  them  from  starting  asunder.  Very 
frequently,  indeed,  the  reverberatory  furnaces  are  armed  with  cast-iron  plates  over  their 
whole  surface.  These  are  retained  by  upright  bars  of  cast  iron  applied  to  the  side  walls, 
and  by  horieontal  bars  of  iron,  placed  across  the  arch  or  roof.  The  furnace  itself  is 
divided  interiorly  into  three  parts  ;  the  fire-place,  the  hearth,  and  the_^w<;.  The  fire-place 
varies  from  3|  to  4^  feet  long,  by  from  2  feet  8  inches  to  3  feet  4  inches  wide.  The  door 
way  by  which  the  coke  is  charged,  is  8  inches  square,  and  is  bevelled  off  towards  the  out- 
side of^  the  furnace.  This  opening  consists  entirely  of  cast  iron,  and  has  a  quantity  of 
coal  gathered  round  it.  The  bars  of  the  fire  grate  are  moveable,  to  admit  of  more  readily 
clearing  them  from  ashes. 

Fig.  593  is  a  longitudinal  section  referring  to  the  elevation ;  fig.  592,  and  fig.  594, 
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IS  a  ground  plan.  When  the  furnace  is  a  single  one,  a  square 
the  fire-place  opposite  to  the  door,  through  which  the  rakes  are 
heated. 

a  is  the  fire  door  ;  b,  the  grate  ;  c,  the  fire  bridge  ;  d  d,  cast- 
upon  cast-iron  beams  e  c,  which  are  bolted  upon  both  sides 
plates  of  the  furnace.  /  is  the  hearth  covered  with  cinders 
v/orking  door,  which  may  be  opened  and  shut  by  means  of 
move  it  up  and  down.  In  this  large  door  there  is  a  hole 
which  the  iron  may  be  worked  with  the  paddles  or  rakes; 


hole  is  left  in  the  side  of 
intixjduced,  in  order  to  be 

•iron  hearth  plates,  resting 
to  the  cast-iron  binding 
or  sand ;  g,  is  the  main 
a  lever  g',  and  chain  to 
5  inches  square,  through 
it  may  also  be  closed  air- 
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tight.  There  is  a  second  working  door  h,  near  the  flue,  for  introducing  the  cast  iron, 
so  that  it  may  soften  slowly,  till  it  be  ready  for  drawing  towards  the  bridge,  i,  is  the 
chimney,  from  30  to  50  feet  high,  which  receives  commonly  the  flues  of  two  furnaces,  each 
595  provided  with  a  damper  plate  or  register.     Fig.   595, 

shows  the  main  damper  for  the  top  of  the  common 
chimney,  which  may  be  opened  or  shut  to  any  degree  by 
means  of  the  lever  and  chain,  k,  fig.  593,  is  the  tap  or 
floss  hole  for  running  off  the  slag  or  cinder. 

The  sole  is  sometimes  made  of  bricks,  sometimes  of 
cast  iron.  In  the  first  case  it  is  composed  of  fire-bricks 
set  on  edge,  forming  a  species  of  flat  vault.  It  rests 
immediately  on  a  body  of  brickwork  either  solid  or 
arched  below.  When  it  is  made  of  cast  iron,  which  is 
now  beginning  to  be  the  general  practice,  it  may  be 
made  either  of  one  piece  or  of  several.  It  is  commonly 
in  a  single  piece,  which,  however,  causes  the  inconvenience  of  reconstructing  the  furnace 
entirely  when  the  sole  is  to  be  changed.  In  this  case  it  is  a  little  hollow,  as  is  shown  in  the 
preceding  vertical  section  ;  but  if  it  consists  of  several  pieces,  it  is  usually  made  flat. 

The  hearths  of  cast  iron  rest  upon  cast  iron  pillars,  to  the  number  of  foui-  or  five ; 
which  are  supported  on  pedestals  of  cast  iron  placed  on  large  blocks  of  stone.  Such  an 
arrangement  is  shown  ih  the  figure,  where  also  the  square  hole  a,  fig.  592,  for  heating  the 
rake  irons,  may  be  observed.  The  length  of  the  hearth  is  usually  six  feet ;  and  its  breadth 
varies  from  one  part  to  another.  Its  greatest  breadth,  which  is  opposite  the  door,  is  four 
feet.  In  the  furnace,  whose  horizontal  plan  is  given  above,  and  which  produces  good  re- 
sults, the  sole  exhibits,  in  this  part,  a  species  of  ear,  which  enters  into  the  mouth  of  the  door. 
At  its  origin  towards  the  fireplace,  it  is  2  feet  10  inches  wide ;  from  the  fire  it  is 
separated,  moreover,  by  a  low  wall  of  bricks  (the  fire-bridge)  10  inches  thick,  and  fi-om 
3  inches  to  5  hiah.  At  the  other  extremity  its  breadth  is  2  feet.  The  curvature 
presented  by  the  sides  of  the  sole  or  hearth  is  not  symmetrical ;  for  sometimes  it  makes 
an  advancement,  as  is  observable  in  the  plan.  At  the  extremity  of  the  sole  furthest  from 
the  fire,  there  is  a  low  rising  in  the  bricks  of  2\  inches,  called  the  altar,  for  preventing 
the  metal  from  running  out  at  the  floss-hole  when  it  begins  to  fuse.  Beyond  this  shelf 
the  sole  terminates  in  an  inclined  plane,  which  leads  to  the  fioss,  or  outlet  of  the  slag 
from  the  furnace.  This^os*  is  a  little  below  the  level  of  the  sole,  and  is  hollowed  out  of 
the  basement  of  the  chimney.  The  slag  is  prevented  from  concreting  here,  by  the  flame 
being  made  to  pass  over  it,  in  its  way  to  the  sunk  entry  of  the  chimney  ;  and  there  is  also 
a  plate  of  cast  iron  near  this  opening,  on  which  a  moderate  fire  is  kept  up  to  prcser\'e  the 
fluidity  of  the  scoriae,  and  to  burn  the  gases  that  escape  from  the  furnace,  as  also  to  quicken 
the  draught,  and  to  keep  tVie  remote  end  of  the  furnace  warm.  On  the  top  of  this  iron 
plate,  and  at  the  bottom  of  the  inclined  plane,  the  cinder  accumulates  in  a  small  cavity, 
whence  it  afterwards  flows  away ;  whenever  it  tends  to  congeal,  the  workman  must  clear 
it  out  with  his  rake. 

The  door  is  a  cast  iron  frame  filled  up  inside  with  fire-bricks ;  through  a  small  hole  in 
its  bottom  the  workmen  can  observe  the  state  of  the  furnace.  This  hole  is  at  other  times 
shut  with  a  stopper.     Th-e  chimney  has  an  area  of  from  14  to  16  inches. 

The  hearth  stands  3  feet  above  the  ground.  Its  arched  roof,  only  one  brick  thick,  is 
raised  2  feet  above  the  fire-bridge,  and  above  the  level  of  the  sole,  taken  at  the  middle  of 
the  furnace.  At  its  extreme  point  near  the  chimney,  its  elevation  is  only  8  inches ;  and 
the  same  height  is  given  to  the  opening  of  the  chimney. 

In  most  iron  works  the  sole  is  covered  with  a  layer  of  refractory  sand  from  2|  to  3  inches 
thick,  which  is  lightly  beat  down  with  a  shovel.  At  each  operation  a  portion  of  the  sand 
is  carried  away ;  and  is  replaced  before  another.  Within  these  few  years,  there  has  been 
substituted  for  the  sand  a  body  of  pounded  slags ;  a  substitution  which  has  occasioned,  it 
is  said,  a  great  economy  of  iron  and  fuel. 

The  fine  metal  obtained  by  the  coke  is  puddled  by  a  continuous  operation,  which  calls 
for  much  care  and  skill  on  the  part  of  the  workmen.  To  charge  the  puddling  furnace, 
pieces  of  fine  metal  are  successively  introduced  with  a  shovel,  and  laid  one  over  another  on 
the  sides  of  the  hearth,  in  the  form  of  piles  rising  to  the  roof;  the  middle  being  left  open 
for  puddling  the  metal,  as  it  is  successively  fused.  Indeed,  the  whole  are  kept  as  far  sepa- 
rate as  possible,  to  give  free  circulation  to  the  air  round  the  piles.  The  working  door  of 
the  furnace  is  now  closed,  fuel  is  laid  on  the  grate,  and  the  mouth  of  the  fireplace,  as  well 
as  the  side  opening  of  the  grate,  are  both  filled  up  with  coal,  at  the  same  time  that  the 
damper  is  entirely  opened. 

The  fine  mc4al  in  about  twenty  minutes  comes  to  a  white-red  heat,  and  its  thin-edged 
fragments  begin  to  melt  and  fall  in  drops  on  the  sole  of  the  furnace.  At  this  period  the 
workman  opens  the  small  hole  of  the  fui-nace  door,  detaches  with  a  rake  the  pieces  of 
fine  metal  that  begin  to  melt,  tries  to  expose  new  surfaces  to  the  action  of  the  heat,  and 
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in  order  to  prevent  the  metal  from  running  together  as  it  softens,  he  removes  it  from  the 
vicinity  of  the  fire-bridge.  When  the  whole  of  the  fine  metal  has  thus  got  reduced 
to  a  pasty  condition,  he  must  lower  the  temperature  of  the  furnace,  to  prevent  it  from 
becoming  more  fluid.  He  closes  the  damper,  takes  out  a  portion  of  the  fire,  and  the 
ribs  of  the  grate,  and  also  throws  a  little  water  sometimes  on  the  semi-fused  mass.  He 
then  works  about  with  his  paddle  the  clotty  metal,  which  swells  up,  with  the  discharge 
of  gaseous  oxyde  of  carbon,  burning  with  a  blue  flame,  as  if  the  bath  were  on  fire.  The 
metal  becomes  finer  by  degrees,  and  less  fusible ;  or  in  the  language  of  the  workmen,  it 
begins  to  get  di-y.  The  disengagement  of  the  oxyde  of  carbon  diminishes,  and  soon 
stops.  The  workmen  continue  meanwhile  to  puddle  the  metal  till  the  whole  charge  be 
reduced  to  the  state  of  incoherent  sand ;  and  at  that  time,  the  ribs  of  the  grate  are 
replaced,  the  fire  is  restored,  and  the  register  is  progressively  opened  up.  With  the 
return  of  the  heat,  the  particles  of  metal  begin  to  agglutinate,  the  charge  becomes  more 
difficult  to  raise,  or  in  the  laborers'  language,  it  woi'ks  heavy.  The  refining  is  now 
finished,  and  nothing  remains  but  to  gather  the  iron  into  balls.  The  founder  with  his 
paddle  takes  now  a  little  lump  of  metal,  as  a  nucleus,  and  makes  it  roll  about  on  the 
surface  of  the  furnace,  so  as  to  collect  more  metal,  and  form  a  ball  of  about  60  or  70 
pounds  weight.  With  a  kind  of  rake,  called  in  England  a  dolly,  and  which  he  heats 
beforehand,  the  workman  sets  this  baU  on  that  side  of  the  furnace  most  exposed  to  the 
action  of  the  heal,  in  order  to  unite  its  diff"erent  particles ;  which  he  then  squeezes 
together  to  force  out  the  scoriae.  When  all  the  balls  are  fashioned,  (they  take  about 
20  minutes  work,)  the  small  opening  of  the  working  door  is  closed  with  a  brick,  to  cause 
the  heat  to  rise,  and  to  facilitate  the  welding.  Each  ball  is  then  lifted  out,  either  with 
tongs,  if  roughing  rollers  are  to  be  used,  as  in  Wales,  or  with  an  iron  rod  welded  to  the 
lump  as  a  handle,  if  the  hammer  is  to  be  employed,  as  in  Staffordshire.  Thus  we  see 
that  the  operation  lasts  in  whole  from  2  hours  to  2^ ;  in  a  quarter  of  an  hour,  the  fine 
metal  melts  at  its  edges,  when  the  puddling  begins,  in  order  to  effect  its  division ;  at  the 
end  of  an  hour  or  an  hour  and  a  half,  the  metal  is  entu-ely  reduced  to  a  sand ;  a  state 
that  is  kept  up  for  half  an  hour  by  continual  stirring ;  and  finally,  the  balling  operation 
takes  nearly  the  same  time. 

The  charge  for  each  operation  is  from  85  to  4  hundred  weight ;  and  sometimes  the 
cuttings  of  bar-ends  are  introduced,  which  are  puddled  apart.  The  loss  of  iron  is  here 
very  variable,  according  to  the  degree  of  skill  in  the  workman,  who  by  negligence  may 
suffer  a  considerable  body  of  iron  to  scorify  or  to  flow  into  the  hearth  and  raise  the  bot- 
tom. In  good  working,  the  loss  is  from  8  to  10  per  cent.  In  Wales,  the  consumption 
of  coal  is  estimated  at  one  ton  for  every  ton  of  fine  metal.  About  five  puddling  furnaces 
are  required  for  the  service  of  one  smelting  fm-nace  and  one  finery.  The  hearth  of  the 
puddling  furnace  should  be  exposed  to  heat  for  12  hours  before  the  woi'k  begins  on  the 
Mondays ;  and  on  the  Saturdays,  the  old  sole  must  be  cleared  out,  by  melting  it  ofi',  and 
ninning  it  out  by  the  floss-hole. 

Mr.  Schafthault  obtained,  in  May,  1835,  a  patent  for  the  conversion  of  cast  into 
wrought  iron,  by  adding  a  mixture  of  black  oxyde  of  manganese,  common  salt,  and 
potter's  clay,  in  certain  small  portions,  successively,  to  the  melting  ii-on  in  the  puddling 
furnace. 

IVie  reheating  furnaces,  balling  furnaces,  or  mill  furnaces,  are  analogous  to  the  puddling 
furnaces,  but  only  of  larger  dimensions. 

The  wood  charcoal  forge  hearth  is  employed  for  working  up  scrap  iron  into  boiler  plate, 
&c.  Here  22  bushels  of  charcoal  are  consumed  in  making  one  ton  of  iron  of  that  descrip- 
tion, from  boiler  plate  parings. 

Machines  for  forging  and  condensing  Ike  iron. — In  England  there  are  employed  for  the 
forging  and  drawing  out  of  the  iron,  cast-kon  hammers  of  great  weight,  and  cylinders  ol 
different  dimensions,  for  beating  out  the  balls,  or  extending  the  iron  into  bars,  as  also 
powerful  shears.  These  several  mechanisms  are  moved  either  by  a  steam  engine,  as  in 
Staffordshire,  and  in  almost  all  the  other  counties  of  England,  or  by  water-wheels  when 
the  localities  are  favorable,  as  in  many  establishments  in  South  Wales.  We  shall  here 
offer  some  details  concerning  these  machines. 

The  main  driving  shaft  usually  carries  at  either  end  a  large  toothed  wheel,  which 
communicates  motion  to  the  different  machines  through  smaller  toothed  wheels.  Of 
these,  there  are  commonly  six,  four  of  which  drive  four  different  systems  of  cylinders, 
and  the  two  others  work  the  hammer  and  the  shears.  The  different  cylinders  of  an  iron 
work  should  never  be  placed  on  the  same  arbor,  because  they  are  not  to  move  together, 
and  they  must  have  diff'erent  velocities,  according  to  their  diameter.  In  order  to  econo- 
mize time  and  facililate  labor,  care  is  taken  to  associate  on  one  side  of  the  motive  ma- 
chine tlie  hammer,  the  shears,  and  the  reducing  cylinders  ;  and  on  the  other  side  to  place 
the  several  systems  of  cylinders  for  drawing  out  the  iron  into  bars.  For  the  same  reason 
the  puddling  furnaces  ought  to  be  grouped  on  the  side  of  the  hammer ;  and  the  reheating 
furnaces  on  the  other  side  of  the  works. 
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The  hammers,  fig.   596,  are  made  entirely  of  cast  iron  ;  they  are  nearly  10  feet  long, 
and  consist  usually  of  two  parts,  the  helve  c,  and  the  head  or  pane  d.     The  latter  enters 

596 

'6 


with  friction  into  the  former,  and  is  retained  in  its  place  by  wedges  of  iron  or  wood. 
The  head  consists  of  several  faces  or  planes  receding  from  each  other ;  for  the  purpose 
of  giving  different  forms  to  the  ball  lumps.  A  ring  of  cast-ii'on  a,  called  the  cam-ring  bag, 
bearing  moveable  cams  b  b,  drives  the  hammer  d,  by  lifting  it  up  round  its  fulcrum  /,  and 
then  letting  it  fall  alternately.  In  one  iron  work,  this  ring  was  found  to  be  3  feet  in  diam- 
eter, 18  inches  thick,  and  to  weigh  4  tons.  The  weight  of  the  helve  (handle)  of  the 
corresponding  hammer  was  3  tons  and  a  half,  and  that  of  the  head  of  the  hammer,  8  hun- 
dred weight. 

The  anvil  e  consists  also  of  two  parts  ;  the  one  called  the  pane  of  the  anvil,  is  the  coun- 
terpart of  the  pane  of  the  hammer;  it  likewise  weighs  8  hundred  weight.  The  second,  g, 
named  the  stock  of  the  anvil,  weighs  4  tons.  Its  form  is  a  parallelopiped,  with  the  edges 
rounded.  The  bloom  or  rough  ball,  from  the  puddle  furnace,  is  laid  and  turned  about 
upon  it,  by  means  of  a  rod  of  iron  welded  to  each  of  them,  called  a  poiicr.  Since  the 
weight  of  these  pieces  is  very  great,  and  the  shocks  very  considerable,  the  utmost  pre- 
cautions should  be  taken  in  setting  the  hammer  and  its  anvil  upon  a  substantial  mass  of 
masonry,  as  shown  in  the  figure,  over  which  is  laid  a  double,  or  even  quadruple  flooring 
of  wood,  formed  of  beams  placed  in  transverse  layers  close  to  each  other.  Such  beams 
possess  an  elastic  force,  and  thereby  partially  destroy  the  injurous  reaction  of  the  shock. 
In  some  works,  a  six-feet  cube  of  cast  iron  is  placed  as  a  pedestal  to  the  anvil. 

Forge  hammers  are  very  frequently  mounted  as  levers  of  the  first  kind,  with  the  centre 
of  motion  about  one  third  or  one  fourth  of  the  length  of  the  helve  from  the  cam  wheel. 
The  principle  of  this  construction  will  be  understood  by  inspection  of! fig.  605.  The  short 
end  of  the  lever  which  is  struck  down  by  the  tappet  c,  is  driven  against  the  end  of  an  elastic 
beam  a,  and  immediately  rebounds,  causing  the  long  end  to  strike  a  harder  blow  upon  the 
anvils. 

The  shears  are  composed  of  two  branches,  the  one  fixed  and  the  other  moveable,  each 
formed  of  two  pieces.  The  fixed  branch  is  a  cast-iron  plate,  which  forms  one  mass  with 
a  horizontal  base  fixed  to  a  piece  of  wood  or  cast  iron  buried  in  the  ground.  A  sharp- 
ened chisel  is  fastened  to  its  upper  part  by  screws  and  nuts.  The  moveable  branch  is 
likewise  of  cast  iron  ;  it  bears  an  axis  round  which  it  turns,  and  this  axis  passes  through 
the  fixed  part.  It  is  also  furnished  with  a  cutting  chisel,  fixed  on  by  nuts  and  screws. 
An  eccentric  or  an  ellipse,  moved  directly  by  a  toothed  wheel,  lifts  the  moveable  branch 
of  the  shears,  and  forces  it  to  cut  the  iron  bars  presented  to  it.  The  pressure  exerted  by 
these  scissors  is  such,  that  they  can  cut  without  difficulty,  iron  bars,  one  half  or  two  thirds 
of  an  inch  thick. 

Cylinders. — The  compression  between  cylinders  now  efl!ects,  in  a  few  seconds,  that 
condensation  and  distribution  of  the  fibres,  which,  40  years  ago,  could  not  be  accom- 
plished till  after  many  heats  in  the  furnace,  and  many  blows  of  the  hammer.  Thi 
cylinders  may  be  distinguished  into  two  kinds;  1.  those  which  serve  to  draw  out  the 
ball,  called  puddling  rolls,  or  roughing  rolls,  and  which  are,  in  fact,  reducing  cylinders ; 
2.  the  cylinders  of  extension,  called  rollers,  for  drawing  into  bars  the  massive  iron  after 
it  has  received  a  welding,  to  make  it  more  malleable.     This  second  kind  of  cylinders  is 
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subdivided  into  several  varieties,  according  to  the  patterns  of  bar  iron  that  are  requir^jd. 
These  may  vary  from  2  inches  square  to  less  than  one  sixth  of  an  inch. 

Beneath  the  cylinders  there  is  usually  formed  an  oblong  fosse,  into  which  the  scoriae 
and  the  scales  fall  when  the  iron  is  compressed.  The  sides  of  this  fosse,  constructed  of 
stone,  are  founded  on  a  body  of  solid  masonry,  capable  of  supporting  the  enormous  load 
of  the  cylinders.  Beams  of  wood  form  in  some  measure  the  sides  of  this  pit,  to  which 
cylinders  may  be  made  fast,  by  securing  them  with  screws  and  bolts.  Massive  bars  of 
cast  iron  are  found,  however,  to  answer  still  better,  not  only  because  the  uprights  and 
bearers  may  be  more  solidly  fixed  to  them,  but  because  the  basement  of  heavy  metal  is 
more  difficult  to  shatter  or  displace,  an  accident  which  happens  frequently  to  the 
wooden  beams.  A  rill  of  water  is  supplied  by  a  pipe  to  each  pair  of  cylinders,  to 
hinder  them  from  getting  hot ;  as  also  to  prevent  the  hot  iron  from  adhering  to  the 
cylinder,  by  cooling  its  surface,  and  perhaps  producing  on  it  a  slight  degree  of 
oxydizement. 

The  shafts  are  one  foot  in  diameter  for  the  hammer  and  the  roughing  rolls ;  and  six 
inches  where  they  communicate  motion  to  the  cylinders  destined  to  draw  the  iron  into 
bars. 

The  roughing  rolls  are  employed  either  to  work  out  the  lump  or  ball  immediately 
after  it  leaves  the  puddling  furnace,  as  in  the  Welsh  forges,  or  only  to  draw  out  the 
piece,  after  it  has  been  shaped  under  the  hammer,  as  is  practised  in  most  of  the  Staflbrd- 
shire  establishments.  These  roughing  cylinders  are  generally  7  feet  long,  including 
the  trunnions,  or  5  feet  between  the  bearers,  and  18  inches  diameter;  and  weigh  in  the 
whole  from  4  to  4|  tons.  They  contain  from  5  to  7  grooves,  commonly  of  an  elliptical 
form,  one  smaller  than  another  in  regular  progression,  as  is  seen  in  Jig.  597.  The  small 
axis  of  each  ellipse,  as  formed  by  the  union  of  the  upper  and  under  grooves,  is  always 
placed  in  the  vertical  direction,  and  is  equal  to  the  great  axis,  or  horizontal  axis  of  the 
succeeding  groove;  so  that  in  transferring  the  bar  from  one  groove  to  another,  it  must 
receive  a  quarter  of  a  revolution,  whereby  the  iron  gets  elongated  in  every  dii-ection. 
Sometimes  the  roughing  rolls  serve  as  preparatory  cylinders,  in  which  case  they  bear 
towards  one  extremity  rectangular  grooves,  as  the  figure  exhibits.  Several  of  these 
large  grooves  are  bestudded  with  small  asperities  analogous  to  the  teeth  of  files,  for 
biting  the  lump  of  iron,  and  preventing  its  sliding.  On  a  level  with  the  under  side  of 
the  grooves  of  the  lower  cylinder,  there  is  a  plate  of  cast  iron  with  notches  in  its  edge 
adapted  to  the  gTOOves.  This  piece,  called  the  apron,  rests  on  iron  rods,  and  serves  to 
support  the  balls  and  bars  exposed  to  the  action  of  the  rollers,  and  to  receive  the  fragments 
of  ill-welded  metal,  which  fall  oft'  during  the  drawing.  The  housing  frames  in  which  the 
rollers  are  supported  and  revolve,  are  made  of  great  strength.  Their  height  is  5  feet ; 
their  thickness  is  1  foot  in  the  side  perpendicular  to  the  axis  of  the  cylinders,  and  10 
inches  in  the  other.  Eacli  pair  of  bearers  is  connected  at  their  upper  ends  by  two  iron 
rods,  on  which  the  workmen  rest  their  tongs  or  pincers  for  passing  the  lump  or  bar  from 
one  side  of  the  cylinders  to  the  other. 

The  cods  or  bushes  are  each  composed  of  two  pieces ;  the  one  of  hard  brass,  which 
presents  a  cylindrical  notch,  is  framed  into  the  other  which  is  made  of  cast  ii'on,  as  is 
clearly  seen  in  fig.  597. 

The  iron  bar  delivered  from  the  square  grooves,  is  cut  by  the  shears  into  short  lengths, 
which  are  collected  in  a  bundle  in  order  to  be  welded  together.  When  this  bundle  of 
bars  has  become  hot  enough  in  the  furnace,  it  is  conveyed  to  the  rollers ;  which  diifer 
in  their  arrangement  according  as  they  are  meant  to  draw  iron  from  a  large  or  small 
piece.  The  first,  fig.  597,  possess  both  elliptical  and  rectangular  grooves ;  are  1  foot 
in  diameter  and  3  feet  long  between  the  bearers.  The  bar  is  not  finished  under  these 
cylinders,  but  is  transferred  to  another  pair,  whose  grooves  have  the  dimensions  proper 
for  the  bar,  with  a  round,  triangular,  rectangular,  or  fillet  form.  The  triangular  grooves 
made  use  of  for  square  iron,  have  for  their  profile  an  isosceles  triangle,  slightly  obtuse, 
so  that  the  space  left  by  the  two  grooves  together  may  be  a  rhombus,  difi"ering  little 
from  a  square,  and  whose  smaller  diagonal  is  vertical.  When  the  bar  is  to  be  passed 
successively  through  several  grooves  of  this  kind,  the  larger  or  horizontal  diagonal  of 
each  following  groove  is  made  equal  to  the  smaller  or  upright  of  the  preceding  one, 
whereby  the  iron  must  be  turned  one  fourth  round  at  each  successive  diausht,  and  thus 
receive  pressure  in  opposite  directions.  Indeed,  the  bar  is  often  turned  in  succession 
through  the  triangular  and  rectangular  grooves,  that  its  fibres  may  be  more  accurately 
worked  together.  The  decrement  in  the  capacity  of  the  grooves  follows  the  proportion 
of  15  to  U. 

When  it  is  intended  to  reduce  the  iron  to  a  small  rod,  the  cylinders  have  such  a  diam- 
eter, that  three  may  be  set  in  the  same  housing  frame.  The  lower  and  middle  cylinders 
are  employed  as  roughing  rollers,  while  the  upper  and  middle  ones  are  made  to  draw  out 
the  rod.  When  a  rod  or  bar  is  to  be  drawn  with  a  channel  or  gutter  in  its  face,  the 
grooves  of  the  rollers  are  suitably  formed. 
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To  draw  out  square  rods  of  a  very  small  size,  as  nail-rods,  a  system  of  small  rollers  is 
employed,  called  slitters.     Their  ridges  are  sharp-edged,  and  enter  into  the  opposite 

grooves  2^  inches  deep ;  so  that  the  flat  bar  in 
passing  between  such  rollers  is  instantaneously 
divided  into  several  slips.  For  this  purpose 
the   rollers    represented   in  fig.  598  may  be 

c 
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put  on  and  removed  from  the  shaft  at  plea- 
sure. 

The  velocity  of  the  cylinders  varies  with 
their  dimensions.  In  one  work,  cylinders  for 
drawing  out  iron  of  from  one  third  to  two 
thirds  of  an  inch  thick,  make  140  revolutions 
per  minute  ;  while  those  for  iron  of  from  two 
thii'ds  of  an  inch  to  3  inches,  make  only  65. 
In  another  work,  the  cylinders  for  two  inch 
iron,  make  95  revolutions  per  minute ;  those 
for  iron  from  two  thirds  of  an  inch  to  an  inch 
and  a  third,  make  128 ;  and  those  for  bars 
from  one  third  to  two  thirds  of  an  inch,  150. 
The  roughing  rollers  move  with  only  one  thii'd 
the  velocity  of  the  drawing  cylinders. 

The  shingling  and  plate-rolling  mill  is  rep- 
resented in  fig.  597.  The  shingling  mill,  for 
converting  the  blooms  from  the  balling  fur- 
nace into  bars,  consists  of  two  sets  of  grooved 
cylinders,  the  first  being  called  jniddling  rolls 
or  roughins  rolls ;  the  second  are  for  reducing 
or  drawmg  the  ij-on  into  mill-bars,  and  are 
called  simply  rolls. 

a,  a,  a,  a.  are  the  powerful  uprights  or  stand- 
ards called  housivgframes,  of  cast  iron,  in  which 
the  gudgeons  of  the  rolls  are  set  to  revolve ; 
b,  b,  b,  b,  are  bolt  rods  for  binding  these  frames 
together  at  top  and  bottom ;  c,  are  the  roughing 
rolls,  having  each  a  seriesof  triangular  grooves, 
such  that  between  those  of  the  upper  and 
under  cylinder,  rectangular  concavities  are 
formed  in  the  circumference  with  slightly 
sloping  sides.  The  end  groove  to  the  right 
of  c,  should  be  channelled  like  a  rough  file,  in 
order  to  take  the  better  hold  of  the  blooms,  or 
to  bite  the  metal,  as  the  workmen  say  ;  and  give 
it  the  preparatory  elonsation  for  entering  into 
and  passing  tlirough  the  remaining  grooves 
till  it  comes  to  the  square  ones,  where  it  be- 
comes a  mill-bar.  d,  d,  are  the  smooth  cyl- 
inders, hardened  upon  the  surface,  or  chilled 
as  it  is  called,  by  being  cast  in  iron  moulds, 
for  rolling  iron  into  plates  or  hoops,  e,  e,  e,  e,  are  strong  screws  with  rectangular  threads, 
which  work  by  means  of  a  wrench  or  key,  into  the  nuts  e'  e'  c'  e',  fixed  in  the  standards ; 
Ihey  serve  to  regulate  the  height  of  the  plummer  blocks  or  bearers  of  the  gudgeons,  and 
thereby  the  distance  between  the  upper  and  under  cylinders.  /  is  a  junction  shaft  ;  g, 
g,  g,  are  solid  coupling  boxes,  which  embrace  the  two  separate  ends  of  the  shafts,  and  make 
them  turn  together,  h,  h,  are  junction  pinions,  whereby  motion  is  communicated  from  the 
driving  shaft  /,  through  the  under  pinion  to  the  upper  one,  and  thus  to  both  upper  and 
under  rolls  at  once,  i,  i,  are  the  pinion  standards  in  which  their  shafts  run  ;  they  are 
smaller  than  the  uprights  of  the  rolls,  k,  k,  are  screws  for  fastening  the  head  pieces  /  to 
the  top  of  the  pinion  standards.      All  the  standards  are  provided  with  sole  plates  m, 
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whereby  they  are  screwed  to  Ihe  foundation  beams  n,  of  wood  or  preferably  iron,  as 
shown  by  dotted  lines  ;  o  o  are  the  binding  screw  bolts.  Each  pair  of  rolls  at  work  is 
kept  cool  by  a  small  stream  of  water  let  down  upon  it  from  a  pipe  and  stop-cock. 

In  the  cylinder  drawina;,  the  workman  \vho  holds  the  ball  in  tongs,  passes  it  into  the 
first  of  the  elliptical  srrooves  ;  and  a  second  workman  on  the  other  side  of  the  cylinders, 
receives  this  lump,  and  hands  it  over  to  the  first,  who  re-passes  it  between  the  rollers, 
after  bringing  them  somewhat  closer  to  each  other,  by  giving  a  turn  to  the  adjusting  pres- 
sure screws.  After  the  lump  has  passed  five  or  six  times  through  the  same  groove,  it  has 
got  an  elliptical  form,  and  is  called  in  England  a  bloom.  It  is  next  passed  through  a 
second  groove  of  less  size,  which  stretches  the  iron  bar.  In  this  state  it  is  subjected  to 
a  second  pair  of  cylinders,  by  which  the  iron  is  drawn  into  flat  bars,  4  inches  broad  and 
half  an  inch  thick.  Fragments  of  the  ball  or  bloom  fall  round  about  the  cylinders ; 
which  are  afterwards  added  to  the  puddling  charge.  In  a  minute  and  a  half,  the  rude  lump 
is  transformed  into  bars,  with  a  neatness  and  rapidity  which  the  inexperienced  eye  can 
hardly  follow.  A  steam  engine  of  thirty-horse  power  can  rough  down  in  a  week,  200  tons 
of  coarse  iron. 

This  iron,  called  mill-bar  iron,  is  however  of  too  inferior  a  quality  to  be  employed  in 
any  machinery ;  and  it  is  subjected  to  another  operation,  which  consists  in  welding 
several  pieces  together,  and  working  them  into  a  mass  of  the  desired  quality.  The  iron 
bars,  while  still  hot,  are  cut  by  the  shears  into  a  length  proportional  to  the  size  of  iron 
bar  that  is  wanted  ;  and  four  rows  of  these  are  usually  laid  over  each  other  into  a  heap 
or  pile,  which  is  placed  in  the  '>-e-heating  furnace  above  described,  and  exposed  to  a  free 
circulation  of  heat;  one  pile  being  set  crosswise  over  another.  In  a  half  or  three 
quarters  of  an  hour,  the  iron  is  hot  enough,  and  the  pieces  now  sticking  together,  are 
carried  in  successive  piles  to  the  bar-drawmg  cylinders,  to  be  converted  into  strong  bars, 
which  are  reckoned  of  middle  quality.  When  a  very  tou^h  iron  is  wanted,  as  for  anchors, 
another  welding  and  rolling  must  be  given.  In  the  re-heating  ovens,  the  loss  is  from  8 
to  10  per  cent,  on  the  large  bar  iron,  and  from  10  to  12  in  smaller  work.  A  ton  of  iron  con- 
sumes in  this  process  about  1.50  lbs.  of  coals. 

It  is  thought  by  many  that  a  purer  iron  is  obtained  by  subjecting  the  balls  as  they 
come  out  of  the  puddling  furnace,  to  the  action  of  the  hammer  at  first,  than  to  the 
roughing  rollers  ;  and  that  by  the  latter  process  vitrified  specks  remain  in  the  metal,  which 
the  hammer  expels.  Hence,  in  some  works,  the  balls  are  first  worked  under  the  forge- 
hammer  ;  and  these  stampins;s  being  afterwards  heated  in  the  form  of  pies  or  cakes  piled 
over  each  other,  are  passed  through  the  roughing  rollers. 

Having  given  ample  details  concerning  the  manufacturing  processes  used  in  England 
for  makmg  cast  iron,  it  may  be  proper  to  subjoin  a  few  observations  upon  its  chemical 
constitution.  It  has  been  generally  believed  and  taught  that  the  dark  gray  cast  iron. 
No.  1  or  No.  2,  contains  more  carbon  than  the  white  cast  iron  ;  and  that  the  superior 
quality  of  the  former  in  tenacity  and  softness,  is  to  be  ascribed  to  that  excess.  But 
the  distinguished  German  metallurgist,  M.  Karsten,  in  his  instructive  volume,  "  Hand- 
buch  der  Eisenhiittenkunde,"  or  manual  of  the  art  of  smelting  iron  ores,  has  proved,  on 
the  contrary,  that  the  white  cast  iron  contains  most  charcoal ;  that  this  substance  exists 
in  it  in  a  state  of  combination  with  the  whole  body  of  the  iron;  that  the  foliated  or  la- 
mellar white  cast  iron  contains  as  much  carbon  as  iron  can  absorb  in  the  liquid  state ;  and 
that  this  constitutes  a  compound  of  4  atoms  of  iron  combined  with  1  of  charcoal,  or  112-(-6; 
or  .51  per  cent. ;  whereas  the  dark  gray  cast  iron  contains  generally  from  3  to  4  per 
cent.,  in  the  state  of  plumbago  merely  dispersed  through  the  metal.  He  has  further 
confirmed  his  opinion,  by  causing  the  white  variety  to  pass  into  the  gray,  and  recipro- 
cally. Thus,  dark  gray  cast  metal  melted  and  suddenly  cooled,  gives  a  silvery  white 
metal,  hard  and  brittle.  On  the  other  hand,  when  the  white  cast  iron  is  cooled  very 
slowly  after  fusion,  the  condition  of  the  carbon  in  it  changes,  and  a  dark  gray  cast  iron 
is  obtained.  These  phenomena  show  that  the  graphite  or  plumbago,  which  requires  a 
high  temperature  for  its  formation,  cannot  be  produced  but  by  a  slow  cooling,  which  al- 
lows the  carbon  to  agglomerate  itself  in  the  iron  in  the  state  of  graphite ;  while  under  a 
rapid  congelation,  the  carbon  remains  dissolved  in  the  mass,  and  produces  a  white  metal. 
Hence  we  may  understand  how  each  successive  fusion  of  dark  gray  iron  hardens  and  whitens 
it,  though  in  contact  with  coke,  by  completing  that  chemical  dissolution  of  the  carbon  on 
which  the  white  state  depends. 

In  the  manufacture  of  the  blackest  No.  1  cast  iron,  it  sometimes  happens  that  a  con- 
siderable quantity  of  a  glistening  carburet  of  iron  appears,  floating  on  the  top  of  the 
metal  as  it  is  run  out  into  the  sand-moulds.  This  substance  is  called  kith  by  the 
English  workmen  ;  and  it  affords  a  sure  test  of  the  good  state  of  the  furnace  and  quality 
of  the  iron. 

The  most  remarkable  fact  relative  to  the  smelting  of  cast  iron,  is  the  difference  of  pro- 
duct between  the  workings  of  the  summer  and  the  winter  season,  though  all  the  materials 
and  machinery  be  the  same.     In  fact,  no  cold-blast  furnace  will  carry  so  great  a  burden 
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in  summer  as  in  winter,  that  is,  afford  so  great  a  product  of  metal,  or  bear  so  great  a 
charge  of  ore  with  the  same  quantity  of  coke.  This  diii'erence  is  undoubtedly  due  to  the 
dilated  and  humid  state  of  the  atmosphere  in  the  warm  season,  A  very  competent  judge 
of  this  matter,  states  the  diminution  in  summer  at  from  one  fifth  to  one  seventh,  indepen- 
dently of  deterioration  of  quality. 

Some  of  the  foreign  irons,  particularly  certain  Swedish  and  Russian  bars,  are  im- 
ported into  Great  Britain  in  large  quantities,  and  at  prices  much  greater  than  those  of 
the  English  bars,  and  therefore  the  modes  of  manufacturing  such  excellent  metal  deserve 
examination.  All  the  best  English  cast  steel,  indeed,  is  made  from  the  hoop  L  iron  from 
Dannemora,  in  Sweden. 

The  processes  pursued  in  the  smelting  works  of  the  Continent  have  frequently  in  view 
to  obtain  from  the  ore  malleable  iron  directly,  in  a  pure  or  nearly  pure  state.  The  furnaces 
used  for  this  purpose  are  of  two  kinds,  called  in  French,  1.  Feuz  de  Loupes,  or  Forges 
Catalmics  ;    and  2.  Fourneaux  ll  piece,  or  Forges  Mlemandes. 

In  the  Catalan,  or  French  method,  the  ore  previously  roasted  in  a  kiln  is  afterwards 
strongly  torrefied  in  the  forge  before  the  smelting  begins  ;  operations  which  follow  in 
immediate  succession.  Ores  treated  in  this  way  should  be  very  fusible  and  very  rich ; 
such  as  black  oxyde  of  iron,  hematites,  and  certain  spathose  iron  ores.  From  100 
parts  of  ore,  50  of  metallic  iron  have  been  procured,  but  the  average  product  is  35. 
The  furnaces  employed  ai'e  rectangular  hearths,  jigs,  599,  and  600,  the  water-blowing 
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machine  being  employed  to  give  the  blast.  See  Metallurgy.  There  are  three 
varieties  of  this  forge  ;  the  Catalan,  the  Navarrese,  and  the  Biscayan.  The  dimensions 
cf  the  first,  the  one  most  senerally  employed,  are  as  follows  :  21  inches  long,  in  the 
direction  p  f,fig.  600;  18^  broad,  at  the  bottom  of  the  hearth  or  creuset,^  the  line 
A  B ;  and  17  inches  deep,yig.  599.  The  tuyere,  q  p,  is  placed  9J  inches  above  the  bottom, 
so  that  its  axis  is  directed  towards  the  opposite  side,  about  2  inches  above  the  bottom. 
But  it  must  be  moveable,  as  its  inclination  needs  to  be  changed,  according  to  the  stage 
of  the  operation,  or  the  quantity  of  the  ores.  It  is  often  raised  or  lowered  with  pellets 
of  clay ;  and  even  with  a  graduated  circle,  for  the  workmen  make  a  great  mystery  ^f 
this  matter.  The  hearth  is  lined  with  a  layer  of  brusque  (loam  and  charcoal  dust 
worked  together),  and  the  ore  after  being  roasted  is  sifted  ;  the  small  powder  being  set 
aside  to  be  used  in  the  course  of  the  operation.  The  ore  is  piled  up  on  the  side  opposite 
to  the  blast  in  a  sharp  saddle  ridge,  and  it  occupies  one  third  of  the  furnace.  In  the  re- 
maining space  of  two  thirds,  the  charcoal  is  put.  To  solidify  the  small  ore  on  the  health, 
it  is  covered  with  moist  cinders  mixed  with  clay. 

The  fire  is  urged  with  moderation  during  the  first  two  hours,  the  workman  being 
continually  employed  in  pressing;  down  more  charcoal  as  the  former  supply  burns 
away,  so  as  to  keep  the  space  full,  and  prevent  the  ore  from  crumbling  down.  By  a 
blast  so  tempered  at  the  beginning,  the  ore  gets  well  calcined,  and  partially  reduced  in 
the  way  of  cementation.  But  after  two  houi's,  the  full  force  of  the  air  is  given ; 
at  which  period  the  fusion  ought  to  commence.  It  is  easy  to  see  whether  the  torre- 
faction  be  sufficiently  advanced,  by  the  aspect  of  the  flame,  as  well  as  of  the  ore, 
which  becomes  sponsry  or  cavernous ;  and  the  workman  now  completes  the  fusion,  by 
detaching  the  pieces  of  ore  from  the  bottom,  and  placing  them  in  front  of  the  tuyere. 
When  the  fine  siftinss  are  afterwards  thrown  upon  the  top,  they  must  be  watered, 
to  prevent  their  being  blown  away,  and  to  keep  them  evenly  spread  over  the  whole 
surface  cf  the  light  fuel.  They  increase  the  quantity  of  the  products,  and  give  a  propel 
fusibility  to  the  scorise.  When  the  scoriae  are  viscid,  the  quantity  of  siftings  must  be 
diminished  ;butif  thin,  they  must  be  increased.  The  excess  of  slag  is  allowed  to  run  ofl~ 
by  the  chio  or  floss  hole.  The  process  lasts  from  five  to  six  hours,  after  which  the  pasty 
mass  is  taken  out,  and  placed  under  a  hammer  to  be  cut  into  lumps,  which  are  afterwards 
forged  into  bars. 

Each  mass  presents  a  mixed  variety  of  iron  and  steel ;  in  proportions  which  may 
be  modified  at  pleasure  ;  for  by  using  much  of  the  siftings,  and  making  the  tuyere  dip 
towards  the  sole  of  the  hearth,  iron  is  the  chief  product;   but  if  the  operation  be  con- 


IRON.  715 

ducted  slowly,  with  a  small  quantity  of  siftings,  and  an  upraised  tuyire,  the  quantity 
of  steel  is  more  considerable.  This  primitive  process  is  favorably  spoken  of  by  M. 
Brongniart.  The  weight  of  the  lump  of  metal  varies  from  200  to  400  pounds.  As  the 
consumption  of  charcoal  is  very  great,  amounting  in  the  Palatinate  or  Rheinkreis  to 
seven  times  the  weight  of  iron  obtained,  though  in  the  Pyrenees  it  is  only  thrice,  the 
Catalan  forge  can  be  profitably  employed  only  where  wood  is  exceedingly  cheap  and 
abundant. 

The  Fourneaux  a  piece  of  the  French,  or  Sluck-ofen  of  the  Germans,  resembles  Jig.  313 
(Copper)  ;  the  tuyere  (not  shown  there)  having  a  dip  towards  the  bottom  of  the  hearth, 
where  the  smelted  matter  collects.  When  the  operation  is  finished,  that  is,  at  least 
once  in  every  24  hours,  one  of  the  sides  of  the  hearth  must  be  demolished,  to  take 
out  the  pasty  mass  of  iron,  more  or  less  piu-e.  This  furnace  holds  a  middle  place  in  the 
treatment  of  iron,  between  the  Catalan  forge  and  the  cast-iron /Zoss-q/en,  or  high-blast 
furnaces.  The  stuck-ofen  are  from  10  to  15  feet  high,  and  about  3  feet  in  diameter  at 
the  hearth.  Most  usually  there  is  only  one  aperture  for  the  tuyere  and  for  working ; 
with  a  small  one  for  the  escape  of  the  slag ;  on  which  account,  the  bellows  are  removed 
to  make  way  for  the  lifting  out  of  the  lump  of  metal,  which  is  done  through  an  opening 
left  on  a  level  with  the  sole,  temporarily  closed  with  bricks  and  potters'  clay-,  wliile  the 
furnace  is  in  action. 

This  outlet  being  closed,  and  the  fui-nace  filled  with  charcoal,  fire  is  kindled  at  the 
bottom.  Whenever  the  whole  is  in  combustion,  the  roasted  ore  is  introduced  at  the  top 
in  alternate  charges  with  charcoal,  till  the  proper  quantity  has  been  introduced.  The  ore 
falls  down  ;  and  whenever  it  comes  opposite  to  the  tuyere  the  slag  begins  to  flow,  and  the 
iron  drops  down  and  collects  at  the  bottom  of  the  hearth  into  the  mass  or  stuck  ;  and  in 
proportion  as  this  mass  increases,  the  Jloss-hole  for  the  slag  and  the  tuyere  is  raised 
higher.  When  the  quantity  of  iron  accumulated  in  the  hearth  is  judged  to  be  sufficient, 
the  bellows  are  stopped,  the  scoriae  are  raked  off,  the  little  brick  wall  is  taken  down,  and 
the  mass  of  iron  is  removed  by  rakes  and  tongs.  This  mass  is  then  flattened  under  the 
hammer,  into  a  cake  from  3  to  4  inches  thick,  and  is  cut  into  two  lumps,  which  are  sub- 
mitted to  a  new  operation ;  where  it  is  treated  in  a  peculiar  refinery-,  lined  with  charcoal 
Srasque,  and  exposed  to  a  nearly  horizontal  blast.  The  above  mass,  seized  in  the  jaws 
if  a  powerful  tongs,  is  heated  before  the  tuyere ;  a  portion  of  the  metal  flows  down  to  the 
bottom  of  the  hearth,  loses  its  carbon  in  a  bath  of  rich  slags  or  fused  oxydes,  and  forms 
thereby  a  mass  of  iron  thoroughly  refined.  The  portion  that  remains  in  the  tongs  fur- 
nishes steel,  which  is  drawn  out  into  bars. 

This  process  is  employed  in  Carniola  for  smelting  a  gi-anular  oxyde  of  iron.  The  mass 
or  sluck  amounts  to  from  15  to  20  hundred  weight,  after  each  operation  of  24  hours. 
Eight  strong  men  are  required  to  lift  it  out,  and  to  carry  it  under  a  large  hammer,  where 
it  is  cut  into  pieces  of  about  1  cwt.  each.  These  are  afterwards  refined  and  drawn  into 
bars  as  above  described.  These  furnaces  are  now  almost  generally  abandoned  on  the 
Continent,  in  favor  of  charcoal  high  or  blast  furnaces. 

Fig.  313  represents  a  shachtofen  (but  without  the  tuyere,  which  may  be  supposed  to  be 
in  the  usual  place),  and  is,  like  all  the  continental  Hauls  Fourneaux,  remarkable  for  the 
excessive  thickness  of  its  masonry.  The  charge  is  put  in  at  the  throat,  near  the  summit 
of  the  octagonal  or  square  concavity,  for  they  are  made  of  both  forms.  At  the  bottom 
of  the  hearth  there  is  a  dam-stone  with  its  plate,  for  permitting  the  overflow  of  the  sla?, 
while  it  confines  the  subjacent  fluid  metal ;  as  well  as  a  tymp-stone  with  its  plate,  which 
forms  the  key  to  the  front  of  the  hearth ;  the  boshes  are  a  wide  flmnel,  almost  flat,  to 
obstruct  the  easy  descent  of  the  charges,  whereby  the  smelting  with  charcoal  would  pro- 
ceed too  rapidly.  The  bottom  of  the  hearth  is  constructed  of  two  large  stones,  and 
the  hinder  part  of  one  great  stone,  called  in  German,  rucksiein  (black  stone),  which  the 
French  have  corrupted  into  rustiue.  In  other  countries  of  the  Continent,  the  boshes  are 
frequently  a  good  deal  more  tapered  downwards,  and  the  hearth  is  larger  than  her^  rep- 
resented. The  refractory  nature  of  the  Hartz  iron  ores  is  the  reason  assigned  for  this 
peculiarity. 

In  Sweden  there  are  blast-furnaces,  schachtofen,  35  {"eet  in  heiglit,  measured  from  the 
boshesabove  the  line  of  the  hearth,  or  creuset.  Their  cavity  has  the  form  of  an  elonga- 
ted cUipse,  whose  small  diameter  is  8  feet  across,  at  a  height  of  14  feet  above  the  bottom 
of  the  hearth;  hence,  at  this  part,  the  interior  space  constitutes  a  belly,  corresponding 
with  the  upper  part  of  the  boshes.  In  other  respects,  the  details  of  the  construction  of 
the  Swedish  furnaces  resemble  the  one  figured  above.  Marcher  relates  that  a  furnace  of 
that  kind,  v/hose  height  was  only  30  feet,  in  which  brown  hydrate  of  iron  (hematite)  was 
smelted,  yielded  47  per  cent,  in  cast-iron,  at  the  rate  of  5  hundred  weight  a  day,  or  36 
hpndred  weight  one  week  after  another ;  and  that  in  the  production  of  100  pounds  of 
cast-iron,  130  pounds  of  charcoal  were  consumed.  That  furnace  was  worked  with  forge 
bellows,  mounted  with  leather. 
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The  decaiburation  of  cast-iron  is  merely  a  restoration  of  the  carbon  to  the  surface,  in 
tracing  inversely  the  same  progressive  steps  as  had  carried  it  into  the  interior  during  the 
smelting  of  the  ore.  The  oxygen  of  the  air,  acting  first  at  the  surface  of  the  cast  metal, 
upon  the  carbon  which  it  finds  there,  burns  it :  fresh  charcoal,  oozing  from  the  interior, 
comes  then  to  occupy  the  place  of  what  had  been  dissipated ;  till,  finally,  the  whole  car- 
bon is  transferred  from  the  centre  to  the  surface,  and  is  there  converted  into  either  car- 
bonic acid  gas,  or  oxyde  of  carbon ;  for  no  direct  experiment  has  hitherto  proved  which 
of  these  is  the  precise  product  of  this  combustion. 

This  diflfusibility  of  carbon  through  the  whole  mass  of  iron  constitutes  a  movement  by 
means  of  which  cast-iron  may  be  refined  even  without  undergoing  fusion,  as  is  proved  by 
a  multitude  of  phenomena.  Every  workman  has  observed  that  steel  loses  a  portion  of 
its  steely  properties  every  time  it  is  heated  in  contact  with  air. 

On  the  above  principle,  cast-iron  may  be  refined  at  one  operation.  Three  kinds  of  iron 
are  susceptible  of  this  continuous  process  : — 1.  The  speckled  cast-iron,  which  contains 
such  a  proportion  of  oxygen  and  carbon  as  with  the  oxygen  of  the  air  and  the  carbon  of 
the  fuel  may  produce  sulficient  and  complete  saturation,  but  nothing  in  excess.  2.  The 
dark  gray  cast-iron.  3.  The  white  cast-iron.  The  nature  of  the  crude  metal  requires 
variations  both  in  the  forms  of  the  furnaces,  and  in  the  manipulations. 

Indeed,  malleable  iron  may  be  obtained  directly  from  the  ores  by  one  fusion.  This 
mode  of  working  is  practised  in  the  Pyrenees  to  a  considerable  extent.  All  the  ores  of 
iron  are  not  adapted  for  this  operation.  Those  in^  which  the  metallic  oxyde  is  mixed  with 
much  earthy  matter,  do  not  answer  well ;  but  those  composed  of  the  pure  black  oxyde, 
red  oxyde,  and  carbonate,  succeed  much  better.  To  extract  the  metal  from  such  ores,  it 
is  sufficient  to  expose  them  to  a  high  temperature,  in  contact  either  with  charcoal,  or 
with  carbonaceous  gases ;  the  metallic  oxyde  is  speedily  reduced.  But  when  several 
earths  are  present,  these  tend  continually,  during  the  vitrification  which  they  suffer,  to 
retain  in  their  vitreous  mass  the  unreduced  oxyde  of  iron.  Were  such  earthy  ores,  as 
our  ii-onstones,  to  be  put  into  the  low  furnaces  called  Catalan,  through  which  the  charges 
pass  with  great  rapidity,  and  in  which  the  contact  with  the  fuel  is  merely  momentary, 
there  would  be  found  in  the  crucible  or  hearth  merely  a  rich  metallic  glass,  instead  of  a 
lump  of  metal. 

In  smelting  and  refining  by  a  continuous  operation,  three  different  stages  may  be  dis- 
tinguished :  I.  The  roasting  of  the  ore  to  expel  the  sulphur,  which  would  be  less 
easily  separated  afterwards.  The  roasting  dissipates  likewise  the  water,  the  carbonic 
acid,  and  any  other  volatile  substances  which  the  minerals  may  contain.  2.  The  deoxy- 
dizement  and  reduction  to  metal  by  exposure  to  charcoal  or  carbureted  vapors.  3.  The 
melting,  agglutination,  and  refining  of  the  metal  to  fit  it  for  the  heavy  hammers  where 
it  gets  nerve.  There  are  several  forges  in  which  these  three  operations  seem  to  be  con- 
founded into  a  single  one,  because,  although  still  successive,  they  are  practised  at  one 
single  heatin<r  withovit  interruption.  In  other  forges,  the  processes  are  performed  sepa- 
rately, or  an  interval  elapses  between  each  stage  of  the  work.  Three  systems  of  this 
kind  are  known  to  exist: — 1.  The  Corsican  method;  2.  The  Catalan  with  wood  char- 
coal ;  and  3.  The  Catalan  with  coke. 

The  furnaces  of  Corsica  are  a  kind  of  semicircular  basins,  18  inches  in  diameter,  and 
6  inches  deep.  These  are  excavated  in  an  area,  or  a  small  elevation  of  masonry,  8  or  10 
feet  long  by  5  or  6  broad,  and  covered  in  with  a  chimney.  'I'his  area  is  quite  similar  to 
that  of  the  ordinary  hearths  of  our  blast-furnaces. 

The  tuyere  stands  5  or  6  inches  above  the  basin,  and  has  a  slight  inclination  down- 
wards. In  Corsica,  and  the  whole  portion  of  Italy  adjoining  the  Mediterranean  shores, 
the  iron  ore  is  an  oxyde  similar  to  the  specular  ore  of  the  Isle  of  Elba.  This  ore  con- 
tains a  little  water,  some  carbonic  acid,  occasionally  pyrites,  but  in  small  quantity.  Be- 
fore deoxydizing  the  ore,  it  is  requisite  to  expel  the  water  and  carbonic  acid  combined 
with  the  oxyde,  as  well  as  the  sulphur  of  the  pyrites. 

The  operations  of  roasting,  reduction,  fusion,  and  agglutination,  are  executed  in  the 
same  furnace.  These  are  indeed  divided  into  two  stages,  but  the  one  is  a  continuation 
of  the  other.  In  the  first,  the  two  primary  operations  are  performed  at  once; — the 
reduction  of  a  portion  of  the  roasted  ore  is  begun  at  the  same  time  that  a  portion  of 
the  raw  ore  is  roasted :  these  two  substances  are  afterwards  separated.  In  the  second 
stage,  the  deoxydizement  of  the  metal  is  continued,  which  had  begun  in  the  preceding 
stage ;  it  is  then  melted  and  agglutinated,  so  as  to  form  a  ball  to  be  submitted  to  the 
forge-hanmner. 

The  roasted  pieces  are  broken  down  to  the  size  of  nuts,  to  make  the  reduction  of  the 
metal  easier.  In  executing  the  first  step,  the  basin  and  area  of  the  furnace  must  be 
lined  with  a  hrasquo  of  charcoal  dust,  3,  4,  or  even  5  inches  thick  :  over  this  brusque  a 
mound  is  raised  with  lumps  of  charcoal,  very  hard,  and  4  or  5  inches  high.  A  semi- 
circle is  formed  round  the  tuyere,  the  inner  radius  of  which  is  5  or  6  inches.  This  mass 
of  charcoal  is  next  surrounded  with  another  pile  of  the  roasted  and  broken  ores,  which 
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must  be  covered  with  charcoal  dust.     The  whole  is  sustained  with  large  blocks  of  the 
raw  ore,  which  form  externally  a  third  Avail. 

These  three  piles  of  charcoal,  with  roasted  and  unroasted  ore,  are  raised  in  three  suc- 
cessive beds,  each  7  inches  thick :  they  are  separated  from  each  other  by  a  layer  of  char- 
coal dust  of  about  an  inch,  which  makes  the  whole  24  inches  high.  This  is  afterwards 
covered  over  with  a  thick  coat  of  pounded  charcoal. 

The  blocks  of  raw  ore  Avhich  compose  the  outward  wall  form  a  slope  ;  the  larger  and 
stronger  pieces  are  at  the  bottom,  and  the  smaller  in  the  upper  part.  The  large  blocks 
are  sunk  very  firmly  into  the  charcoal  dust,  to  enable  them  better  to  resist  the  pressure 
from  within. 

On  the  bottom  of  the  semicircular  well  formed  within  the  charcoal  lumps,  kindled  pieces 
are  thrown,  and  over  these,  pieces  of  black  charcoal ;  after  which  the  blast  of  a  water- 
blowing  machine  (trompe)  is  given.  The  fire  is  kept  up  by  constantly  throwing  char- 
coal into  the  central  well.  At  the  beginning  of  the  operation  it  is  thrust  down  Avith 
wooden  rods,  lest  it  should  affect  the  building  ;  but  when  the  heat  becomes  too  intense 
for  the  workmen  to  come  so  near  the  hearth,  a  long  iron  rake  is  employed  for  the  pur- 
pose. At  the  end  of  about  3  hours,  the  two  processes  of  roasting  and  reduction  are  com- 
monly finished  :  then  the  raw  ore  no  longer  exhales  any  fumes,  and  the  roasted  ore,  being 
softened,  unites  into  lumps  more  or  less  coherent. 

The  workman  now  removes  the  blocks  of  roasted  ore  which  form  the  outer  casing, 
rolls  them  to  the  spot  where  they  are  to  be  broken  into  small  pieces,  and  pulls  down  the 
brasque  (smaU  charcoal)  which  surrounds  the  mass  of  reduced  ore. 

The  second  operation  is  executed  by  cleaning  the  basin,  removing  the  slags,  covering 
the  basin  anew  with  2  or  3  brasques  (coats  of  pounded  charcoal),  and  piling  up  to  the 
right  and  the  left,  two  heaps  of  charcoal  dust.  Into  the  interval  between  these  conical 
piles  two  or  three  baskets  of  charcoal  are  cast,  and  on  its  top  some  cakes  of  the  reduced 
crude  metal  being  laid,  the  blast  is  resumed.  The  cakes,  as  they  heat,  undergo  a  sort 
of  liquation,  or  sweating,  by  the  action  of  the  earthy  glasses  on  the  unreduced  black 
oxyde  present.  Very  fusible  slags  floAv  down  through  the  mass  ;  and  the  iron,  reduced 
and  melted,  passes  finally  through  the  coals,  and  falls  into  the  slag  basin  below.  To  the 
first  parcel  of  cakes,  others  are  added  in  succession.  In  proportion  as  the  slags  pro- 
ceeding from  these  run  down,  and  the  melted  iron  falls  to  the  bottom,  the  thin  slag  is  run 
off  by  an  upper  overflow  or  chio  hole,  and  the  reduced  iron  kept  by  the  heat  in  the  pasty 
condition,  remains  in  the  basin :  all  its  parts  get  agglutinated,  forming  a  soft  mass,  which 
is  removed  by  means  of  a  hooked  pole  in  order  to  be  forged.  Each  lump  or  bloo77i  of 
malleable  iron  requires  3  hours  and  a  half  for  its  production. 

The  iron  obtained  by  this  process  is  in  general  soft,  very  malleable,  and  but  little 
steely.  In  Corsica  four  workmen  are  employed  at  one  forge.  The  produce  of  their 
labor  is  only  about  4  cwts.  of  iron  from  10  cwts.  of  ore  and  20  of  charcoal,  mingled 
with  wood  of  beech  and  chestnut.  Though  their  ore  contains  on  an  average  65  per  cent, 
of  iron,  only  about  40  parts  are  extracted ;  evincing  a  prodigious  waste,  which  remains 
in  the  slags. 

The  difference  between  the  Corsican  and  the  Catalonian  methods  consists  in  the  latter 
roasting  the  ore  at  a  distinct  operation,  and  employing  a  second  one  in  the  reduction, 
agglutination,  and  refining  of  the  metal.  In  the  Catalonian  forges,  100  pounds  of  iron 
are  obtained  from  300  pounds  of  ore  and  310  pounds  of  charcoal;  being  a  produce  of 
only  33  per  cent.  It  may  be  concluded  that  there  is  a  notable  loss,  since  the  sparry  iron 
ores,  which  are  those  principally  smelted,  contain  on  an  average  from  54  to  56  per  cent, 
of  iron.  The  same  ores,  smelted  in  the  ordinary  blast  furnace,  produce  about  45  per  cent, 
of  cast  iron. 

On  the  Continent,  iron  is  frequently  refined  from  the  cast  metal  of  the  blast  fur- 
naces by  three  operations,  in  three  different  ways.  In  one,  the  pig  being  melted, 
with  aspersion  of  water,  a  cake  is  obtained,  which  is  again  melted  in  order  to  foim 
a  second  cake.  This  being  treated  in  the  refinery  fiie,  is  then  worked  into  a  bloom.  In 
another  system,  the  pig  iron  is  melted  and  cast  into  plates  :  these  are  melted  anew  in 
order  to  obtain  crude  balls,  which  are  finally  worked  into  blooms.  In  a  third  mode  of 
manufacture,  the  pig-iron  is  melted  and  cast  into  plates,  which  are  roasted,  and  then  strongly 
heated,  to  form  a  bloom. 

The  French  fusible  ores,  such  as  the  silicates  of  iron,  are  very  apt  to  smelt  into  white 
cast  iron.  An  excess  of  fluxes,  light  charcoals,  too  strong  a  blast,  produce  the  same  results. 
A  surcharge  of  ores  which  deranges  the  furnace  and  affords  impure  slags  mixed  with 
much  iron,  too  rapid  a  slope  in  the  boshes,  too  low  a  degree  of  heat,  and  too  great  con- 
densation of  the  materials  in  the  upper  part  of  the  furnace  ;  all  tend  also  to  produce  a 
white  cast  iron.  In  its  state  of  perfection,  white  cast  iron  has  a  silver  color,  and  a 
bright  metallic  lustre.  It  is  employed  frequently  in  Germany  for  the  manufacture  of 
steel,  and  is  then  called  steel  floss,  or  lamellar  floss,  a  title  which  it  stiff  retains,  though  it 
be  hardly  silver  white,  and  have  ceased  to  be  foliated.    When  its  color  takes  a  bluish- 
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gray  tinge,  and  its  fracture  appears  striated  or  splintei7,  or  when  it  exhibits  gray  spots, 
it  is  then  styled  flower  floss.  In  a  third  species  of  Avhite  cast  iron  we  observe  still  much 
lustre,  but  its  color  verges  upon  gi-ay,  and  its  texture  is  variable.  Its  fracture  has  been 
sometimes  compared  to  that  of  a  broken  cheese.  This  variety  occurs  very  frequently. 
It  is  a  white  cast  iron,  made  by  a  surcharge  of  ore  in  the  furnace.  If  the  white  color 
becomes  less  clear  and  turns  bluish,  if  its  fracture  be  contorted,  and  contains  a  great  many 
empty  spaces  or  air-cells,  the  metal  takes  the  name  of  cavernous  floss,  or  tender  floss.  The 
whitest  metal  cannot  be  employed  for  casting.  When  the  white  is  mixed  with  the  gray 
cast  iron,  it  becomes  riband  or  trout  cast  iron. 
The  German  refining  forge. — Figs.  601,  602  represent  one  of  the  numerous  refinery 
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furnaces  so  common  in  the  Hartz.  The  example  is  taken  from  the  Mandelholz  works, 
in  the  neighborhood  of  Elbingerode.  Fig.  602  is  an  elevation  of  this  forge,  d  is  the 
refinery  hearth,  provided  with  two  pairs  of  bellows.  Fig.  601  is  a  vertical  section, 
showing  particularly  the  construction  of  the  crucible  or  hearth  in  the  refinery  forge  d. 
c  is  an  overshot  water  wheel,  which  gives  an  alternate  impulsion  to  the  two  bellows  a  b 
by  means  of  the  revolving  shaft  c,  and  the  cams  or  tappets  d  f  e  g. 

D,  the  hearth,  is  lined  with  cast  iron  plates.  Through  the  pipe  /,  cold  water  may  be 
introduced,  under  the  bottom  plate  in,  in  order  to  keep  down,  when  necessary,  the  tem- 
perature of  the  crucible,  and  facilitate  the  solidification  of  the  loupe  or  bloom.  An  orifice 
n,  fis^s.  601,  602,  called  the  chio  (floss  hole),  allows  the  melted  slag  or  cinder  to  flow 
off  from  the  surface  of  the  melted  metal.  The  copper  pipe  or  nose  piece  p,  fig.  600, 
conducts  the  blast  of  both  bellows  into  the  hearth,  as  shown  at  6  x,  fig.  602,  and  v  g  p, 
fiK-  600. 

The  substance  subjected  to  this  mode  of  refinei7,  is  a  gray  carbonaceous  cast  ii-on, 
from  the  works  of  Rothehiitte.  The  hearth  d,  being  filled  and  heaped  over  with  live 
charcoal,  upon  the  side  opposite  to  the  tuyere  x,  figs.  601,  602,  long  pigs  of  cast  iron  are 
laid  with  their  ends  sloping  downwards,  and  are  drawn  forwards  successively  into  the 
hearth  by  a  hooked  poker,  so  that  the  extremity  of  each  may  be  plunged  into  the  middle  of 
the  fire,  at  a  distance  of  6  or  8  inches  from  the  mouth  of  the  tuyere.  The  workman  pro- 
ceeds in  this  way,  till  he  has  melted  enough  of  metal  to  form  a  lo^ipe.  The  cast  iron,  on 
melting,  falls  down  in  drops  to  the  bottom  of  the  hearth  ;  being  covered  by  the  fused  slags, 
or  vitreous  matters  more  or  less  loaded  with  oxyde  of  iron.  After  running  them  ofif  by 
the  orifice  w,  he  then  works  the  cast  iron  by  powerful  stirring  with  an  iron  rake  (ringard), 
till  it  is  converted  into  a  mass  of  a  pasty  consistence. 

During  this  operation,  a  portion  of  the  carbon  contained  in  the  cast  iron  combines 
with  the  atmospherical  oxygen  supplied  by  the  bellows,  and  passes  ofl'  in  the  form  of 
carbonic  oxyde  and  carbonic  acid.  When  the  lump  is  coagulated  sufficiently,  the  workman 
turns  it  over  in  the  hearth,  then  increases  the  heat  so  as  to  melt  it  afresh,  meanwhile 
exposing  it  all  round  to  the  blast,  in  order  to  consume  the  remainder  of  the  carbon,  that 
is,  till  the  iron  has  become  ductile,  or  refined.  If  one  fusion  should  prove  inadequate  to 
this  effect,  two  are  given.  Before  the  conclusion,  the  workman  runs  off'  a  second 
stratum  of  vitreous  slag,  but  at  a  higher  level,  so  that  some  of  it  may  remain  upon  the 
metal. 

The  weight  of  such  a  loujie  or  bloom  is  about  2  cwts.,  being  the  product  of  2  cwts.  and 
Jo  of  pig  iron ;  the  loss  of  weight  is  therefore  about  26  per  cent.  149  pounds  of  charcoal 
are  consumed  for  every  100  pounds  of  bar  iron  obtained.  The  whole  operation  lasts 
about  5  hours.  The  bellows  are  stopped  as  soon  as  the  bloom  is  ready  ;  this  is  immedi- 
ately transferred  to  a  forge  hammer,  such  as  is  represented  fig.  605  ;  the  cast  iron  head 
of  which  weighs  8  or  9  cwts.  The  bloom  is  greatly  condensed  thereby,  and  discharges 
a  considerable  quantity  of  semi-fluid  cinder.     The  lump  is  then  divided  by  the  hammer 
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ana  a  chisel  into  4  or  6  pieces,  which  are  reheated,  one  after  another,  in  the  same  refinery 
fire,  in  order  to  be  forged  into  bars,  while  another  pig  of  cast  iron  is  laid  in  its  place,  to 
prepare  for  the  formation  of  a  new  bloom.  The  above  process  is  called  by  the  Germans 
klump-frischen,  or  lump-refining.  It  diflers  from  the  durch-brech-frischen,  because  in  the 
latter,  the  lump  is  not  turned  over  in  mass,  but  is  broken,  and  exposed  in  separate  pieces 
successively  to  the  refining  power  of  the  blast  near  the  tuyere.  The  French  call  this  af- 
finage  par  portions ;  it  is  much  lighter  work  than  the  other. 

The  quality  of  the  iron  is  tried  in  various  ways ;  as  first,  by  raising  a  bar  by  one  end, 
with  the  two  hands  over  one's  head,  and  bringing  it  forcibly  down  to  strike  across  a  nar- 
row anvil  at  its  centre  of  percussion,  or  one  third  from  the  other  extremity  of  the  bar  ;  after 
which  it  may  be  bent  backwards  and  forwards  at  the  place  of  percussion  several  times ; 
2.  a  heavy  bar  may  be  laid  obliquely  over  props  near  its  end,  and  struck  strongly  with  a 
hammer  with  a  narrow  pane,  so  as  to  curve  it  in  opposite  directions ;  or  while  heated 
to  redness,  they  may  be  kneed  backwards  and  forwards  at  the  same  spot,  on  the  edge  of 
the  anvil.  This  is  a  severe  trial,  which  the  hoop  L,  Swedish  iron,  bears  surprisingly, 
emitting  as  it  is  hammered,  a  phosphoric  odor,  peculiar  to  it  and  to  the  bar  iron  of 
Ulverstone,  which  also  resembles  it,  in  furnishing  a  good  steel.  The  forging  of  a  horse- 
shoe is  reckoned  a  good  criterion  of  the  quality  of  iron.  Its  freedom  from  flaws  is 
detected  by  the  above  modes  ;  and  its  linear  strength  may  be  determined  by  suspending 
a  scale  to  the  lower  end  of  a  hard-drawn  wire,  of  a  given  size,  and  adding  weights  till 
the  wire  breaks.  The  treatises  of  Barlow  and  Tredgold  may  be  consulted  with  advan- 
tage on  the  methods  of  proving  the  strength  of  diiferent  kinds  of  iron,  in  a  great  variety 
of  circumstances. 

Steel  of  cementation,  or  blistered  steel  and  cast  steel,  are  treated  under  the  article  Steel. 
But  since  in  the  conversion  of  cast  iron  into  wrought  iron,  by  a  very  slight  diilerence  in 
the  manipulations,  a  species  of  steel  may  be  produced  called  natural  steel,  I  shall  describe 
this  process  here. 

Fig.  603  is  a  view  of  the  celebrated  steel  iron  works,  called  Konigshlitte,  [king's-forge), 
in  Upper  Silesia,  being  one  of  the  best  arranged  in  Germany,  for  smelting  ii'on  ore  by 
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means  of  coke.  The  front  shown  here  is  about  400  English  feet  long,  a  a  are  two  blast 
furnaces.  A  third  blast  furnace,  all  like  the  English,  is  situated  to  the  left  of  one  of  the 
towers  b.  b  b  are  the  charging  towers,  into  which  the  ore  is  raised  by  machinery  from 
the  level  of  the  store-houses  I  1,  up  to  the  mouth  of  the  furnaces  a  a  ;  c  c  point  to  the 
positions  of  the  boilers  of  the  two  steam  engines,  which  drive  two  cylinder  bellows  at  /. 
nnnn  are  arched  cellars  placed  below  the  store-houses  1 1,  for  containing  materials  and 
tools  necessary  for  the  establishment. 

Figs.  599,  604,  are  vertical  sections  of  the  forge  of  Konigshiitte,  for  making  natural 

steel ;  fig.  599  being  drawn  in  the  line  a  b  of 
the  plan,  fig.  600.  a  is  the  bottom  of  the  hearth, 
consisting  of  a  fire-proof  gritstone ;  b  is  a.  space 
filled  with  small  charcoal,  damped  with  water, 
under  which,  at  w,  in  fig.  604,  is  a  bed  of  well 
rammed  clay ;  rf  is  a  plate  of  cast  iron,  which  lines 
the  side  of  the  hearth  called  ruckstein  (backstone) 
in  German,  and  corrupted  by  the  French  into 
rustine  ;  f  is  the  plate  of  the  counter-blast ;  g  the 
plate  of  the  side  of  the  tuyere ;  behind,  upon  the 
face  d,  the  fire-place  or  hearth  is  only  5^  inches  deep ;  in  front  as  well  as  upon  the 
lateral  faces,  it  is  18  inches  deep.  By  means  of  a  mound  made  of  dry  charcoal,  the  pos- 
terior face  d  is  raised  to  the  height  of  the  face  /.  i,  fig.  600,  is  the  floss-hole,  by  which 
the  slags  are  run  off"  from  the  hearth  during  the  working,  and  through  which,  by  removing 
lome  bricks,  the  lump  of  steel  is  taken  out  when  finished. 

k  I  m  are  pieces  of  cast  iron,  for  confining  the  fire  in  front,  that  is,  towards  the  side  where 
the  workman  stands ;  o  is  the  level  of  the  floor  of  the  works ;  p  a  copper  tuyere ;  it  is 
situated  4^  inches  above  the  bottom  a,  slopes  5  degi'ees  towards  it,  and  advances  4  inches 
into  the  hearth  or  fire-place,  where  it  presents  an  orifice,  one  half  inch  in  horizontal 
length,  and  one  inch  up  and  down ;  q  the  nose  pipes  of  two  bellows,  lilce  those  represented 
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in_^g.  602,  and  under  Silver;  the  rouad  orifice  of  each  of  them  wiihin  the  tuyere  being 
one  inch  in  diameter,  r  is  the  lintel  or  top  arch  of  the  tuyere,  beneath  which  is  seen  the 
cross  section  of  the  pig  of  cast  iron  under  operation. 

For  the  production  of  natural  steel,  a  white  cast  iron  is  preferred,  which  contains  little 
carbon,  which  does  not  flow  thin,  and  which  being  cemented  ovtr  or  above  the  whid,  falls 
down  at  once  through  the  blast  to  the  bottom  of  the  hearth  in  the  state  of  steel.  With 
this  view,  a  very  flat  fire  is  used  ;  and  should  the  metal  run  too  fluid,  scMne  malleable 
lumps  are  introduced  to  give  the  mass  a  thicker  pasty  consistence. 

If  the  natural  steel  be  supposed  to  contain  too  little  carbon,  which  is  a  A'^ery  rare  case, 
the  metal  bath  covered  with  its  cinder  slag,  is  diligently  stirred  with  a  wooden  pole,  or  it 
may  receive  a  little  of  the  more  highly  carbureted  iron.  If  it  contains  the  right  dose  of 
carbon,  the  earthy  and  other  foreign  matters  are  made  progressively  to  sweat  out,  into  the 
supernatant  slag.  When  the  mass  is  found  by  the  trial  of  a  sample  to  be  completely  con- 
verted, and  has  acquired  the  reiuisite  stifl'ness,  it  is  lifted  out  of  the  furnace,  by  the  open- 
ing in  front,  subjected  to  the  forge  hammer,  and  drawn  into  bars.  In  Sweden,  the  cast 
iron  pigs  are  heated  to  a  cherry-red,  and  in  >his  state  broken  to  pieces  under  the  hammer, 
before  they  are  exposed  in  the  steel  furnace.  These  natural  steels  are  much  employed  on 
the  Continent  in  making  agricultural  implements,  on  account  of  their  cheapness.  The 
natural  steel  of  Styria  is  regarded  as  a  very  good  article. 

Wootz  is  a  natural  steel  prepared  from  a  black  ore  of  iron  in  Hindostan,  by  a  process 
analogous  to  that  of  the  Catalan  hearth,  but  still  simpler.  It  seems  to  contain  a  minute 
portion  of  the  combustible  bases  of  alumina  and  silica,  to  which  its  peculiar  hardness 
when  tempered  may  possibly  be  ascribed.  It  is  remarkable  for  the  property  of  assuming 
a  damask  surface,  by  the  action  of  dilute  sulphuric  acid,  after  it  has  been  forged  and 
polished.     See  Damascus  and  Steel. 

Fig.   605  is  the  German  forge-hammer ;  to  the  left  of  1,  is  the  axis  of  the  rotatory 

cam,  2,  3,  consisting  of  8  sides, 
each  formed  of  a  strong  broad  bar 
of  cast  iron,  which  are  joined  to- 
gether to  make  the  octagon  wheel. 
4,  5,  6,  are  cast  iron  binding  rings 
or  hoops,  made  fast  by  wooden 
wedges,  b,  b,  are  standards  of  the 
frame-work  e,  /,  m,  in  which  the 
helve  of  the  forge-hammer  has  its 
fulcrum  near  u.  h,  the  sole  part 
of  the  frame.  Another  cast  iron 
base  or  sole  is  seen  at  wi.  n  is  a 
strong  stay,  to  strengthen  the 
frame-work.  At  r  two  parallel 
hammers  are  placed,  with  cast- 
iron  heads  and  wooden  helves,  s  is  the  anvil,  a  very  massive  piece  of  cast  iron,  t  is  the 
end  of  a  vibrating  beam,  for  throwing  back  the  hammer  from  it  forcibly  by  recoil,  x  y  is 
the  outline  of  the  water-wheel  which  drives  the  whole.  The  cams  or  tappets  are  shown 
mounted  upon  the  wheel  6,  g,  6. 

.Analysis  of  irons. — Oxydized  substances  cannot  exist  in  metallic  iron,  and  the  foreign 
substances  it  does  contain  are  present  in  such  small  quantities,  that  it  is  somewhat 
diflicult  to  determine  their  amount.  The  most  intricate  point  is,  the  proportion  of 
carbon.  The  free  carbon,  which  is  present  only  in  gray  cast  iron,  may,  indeed,  be  deter- 
mined nearly,  for  most  of  it  remains  after  solution  of  the  metal  in  acids.  The  combined 
charcoal,  however,  changes  by  the  action  of  muriatic  acid  into  gas  and  oil ;  sulphuric  acid 
also  occasions  a  great  loss  of  carbon,  and  nitric  acid  dissipates  it  almost  entirely.  Either 
nitre  or  chloride  of  silver  may  be  employed  to  ascertain  the  amount  of  carbon ;"  but  when 
the  iron  contains  chromium  and  much  phosphorus,  the  determination  of  the  carbon  is  at- 
tended with  many  difficulties. 

The  quantity  of  sulphur  is  always  so  small,  that  it  can  scarcely  be  ascertained  by  the 
weight  of  the  precipitate  of  sulphate  of  barytes  from  the  solution  of  the  iron  in  nitro- 
muriatic  acid.  The  iron  should  be  dissolved  in  muriatic  acid  ;  and  the  hydrogen,  as  it 
escapes  charged  with  the  sulphur,  should  be  passed  through  an  acidulous  solution  of 
acetate  of  lead.  The  weight  of  the  precipitated  sulphui-et  shows  the  amount  of  sulphur, 
allowing  13-45  of  the  latter  for  100  of  the  former.  In  this  experiment  the  metal  should 
be  slowly  acted  upon  by  the  acid.  Cast  iron  takes  from  10  to  15  days  to  dissolve,  steel 
from  8  to  10,  and  malleable  iron  4  days.  The  residuum  of  a  black  color  does  not  contain 
a  trace  of  sulphur. 

Phosphorus  and  chromium  are  determined  in  the  following  way.  The  iT&n.  must  be 
dissolved  ia  nitro-muriatic  acid,  to  oxygenate  those  two  bodies.  The  solution  must  be 
evaporated  cautiously  to  dimness  in  porcelain  capsules,  and  the  saline  residuum  heated 
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to  redness.  A  little  chloride  of  iron  is  volatilized,  and  the  remainder  resembles  the 
red-brown  oxyde.  This  must  be  mixed  with  thrice  its  weight  of  carbonate  of  potash, 
and  fused  in  a  platinum  crucible ;  the  quantity  of  iron  being  from  40  to  50  grains  at 
most. 

The  mixture,  after  being  acted  upon  by  boiling  water,  is  to  be  left  to  settle,  to  aUow 
the  oxyde  to  be  deposited,  for  it  is  so  fine  as  to  pass  through  a  filter.  If  the  iron  con- 
tained manganese,  this  would  be  found  at  first  in  the  alkaline  solution ;  but  man- 
ganese spontaneously  separates  by  exposure  to  the  air.  The  alkaline  liquor  must  be 
supersaturated  with  muriatic  acid,  and  evaporated  to  dryness.  The  liquor  acidulated, 
and  deprived  of  its  silica  by  filtration,  is  to  be  supersaturated  with  ammonia;  when 
the  alumina  will  precipitate  in  the  state  of  a  subphosphate.  When  the  liquor  is  now 
supersaturated  with  acetic  acid,  and  then  treated  with  acetate  of  lead,  a  precipitate 
of  phosphate  of  lead  almost  always  falls.  There  is  hardly  a  bit  of  iron  to  be  found 
wluch  does  not  contain  phosphorus.  The  slightest  trace  of  chrome  is  detected  by  the 
yellow  color  of  the  lead  precipitate ;  if  this  be  white  there  is  none  of  the  coloring  metal 
present. 

100  parts  of  the  precipitated  phosphate  of  lead  contain,  after  calcination,  19-4  parts  of 
phosphoric  acid.  The  precipitate  should  be  previously  washed  with  acetic  acid,  and  then 
with  water.     These  19"4  parts  contain  8-525  parts  of  phosphorus. 

Cast  iron  sometimes  contains  calcium  and  barium,  which  may  be  detected  by  their 
well-known  reagents,  oxalate  of  ammonia,  and  sulphuiic  acid.  In  malleable  iron  they 
are  seldom  or  never  present. 

The  charcoal  found  in  the  residuum  of  the  nitro-muriatic  solution  is  to  be  burned  away 
under  a  muffle.  The  solution  itself  contains  along  with  the  oxyde  of  iron,  protoxyde  of 
manganese,  and  other  oxydes,  as  well  as  the  earths,  and  the  phosphoric  and  arsenic  acids. 
Tartaric  acid  is  to  be  added  to  it,  till  no  precipitate  be  formed  by  supersaturation  with 
caustic  ammonia.  Theammoniacal  liquor  must  be  treated  with  hydrosulphuret  of  ammo- 
nia as  long  as  it  is  clouded,  then  thrown  upon  a  filter.  The  precipitate  is  usually  very 
voluminous,  and  must  be  well  washed.  The  liquor  which  passes  through  is  to  be  satu- 
rated with  muriatic  acid,  to  decompose  all  the  sulphurets. 

The  solution  still  contains  all  the  earths  and  the  oxyde  of  titanium,  besides  the  phos- 
phoric acid.  It  is  to  be  evaporated  to  dryness,  whereby  the  ammonia  is  expelled,  and 
the  carbonaceous  residuum  must  be  burned  under  a  muffle.  If  the  ii'on  contains  much 
phosphorus,  the  ashes  are  strongly  agglutinated.  They  are  to  be  fused  as  already 
described  along  with  carbonate  of  potash,  and  the  mass  is  to  be  treated  with  boiling 
water.  The  residuum  may  be  examined  for  silica,  lime,  barj'tes,  and  oxyde  of  titanium. 
Muriatic  acid  being  digested  on  it,  then  evaporated  to  dryness,  and  the  residuum  treated 
with  water,  will  leave  the  silica.  Caustic  ammonia,  poured  into  the  solution,  will  sepa- 
rate the  alumina,  if  any  be  present,  and  the  oxyde  of  titanium  ;  but  the  former  almost 
never  occurs. 

Manganese  is  best  sought  for  by  a  distinct  operation.  The  iron  must  be  dissolved 
at  the  heat  of  boiling  water,  in  nitro-muriatic  acid ;  and  the  solution,  when  very 
cold,  is  to  be  treated  with  small  successive  doses  of  solution  of  carbonate  of  am- 
monia. If  the  iron  has  been  oxydized  to  a  maximum,  and  if  the  liquor  has  been 
sufficiently  acid,  and  diluted  with  water,  it  will  retain  the  whole  of  the  manganese. 
This  process  is  as  good  as  that  by  succinate  of  ammonia,  which  requires  many 
precautions. 

The  liquor  is  often  tinged  yellow  by  carbon,  after  it  has  ceased  to  contain  a  single  trace 
of  iron  oxyde.  As  soon  as  litmus  paper  begins  to  be  blued  by  carbonate  of  ammonia,  we 
should  stop  adding  it ;  immediately  throw  the  whole  upon  a  filter,  and  wash  continuously 
with  cold  water.  What  passes  through  is  to  be  neutralized  with  muriatic  acid,  and  con- 
centrated by  evaporation.  It  may  contain,  besides  manganese,  some  lime  or  barytes.  It 
should  therefore  be  precipitated  with  hydro-sulphuret  of  ammonia,  the  hydrosulphuret  of 
manganese  should  be  collected,  dissolved  in  strong  muriatic  acid,  filtered,  and  treated,  at 
a  boiling  heat,  with  carbonate  of  potash.  The  precipitate,  well  washed  and  calcined, 
contains,  in  100  parts,  72-75  parts  of  metallic  manganese. 

The  copper,  arsenic,  lead,  tin,  bismuth,  antimony,  or  silver,  are  best  separated  by  a 
stream  of  sulphureted  hydrogen  gas  passed  through  the  solution  in  nitro-muriatic  acid, 
after  it  is  largely  diluted  with  water.  The  precipitate  must  be  cautiously  roasted  in  a 
porcelain  test,  to  burn  away  the  large  quantity  of  sulphur  which  is  deposited  in  con- 
sequence of  the  conversion  of  the  peroxyde  of  iron  into  the  protoxyde.  If  nothing 
remains  upon  the  test,  none  of  these  metals  is  present.  If  a  residuum  be  obtained,  it 
must  be  dissolved  in  nitro-muriatic  acid,  and  subjected  to  examination.  But,  in  fact, 
carbon,  sulphur,  phosphorus,  silicon,  and  manganese,  are  the  chief  contaminalors  of 
iron. 

Chloride  of  sUver  affords  the  means  of  determining  the  proportion  of  carbon  contained 
in  iron,  and  of  ascertaining  the  state  in  which  that  substance  exists  in  the  metal.     Fused 
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chloride  of  a  pale  yeUow  color  must  be  employed.  The  operation  is  to  be  performed 
in  close  vessels,  with  the  addition  of  a  great  deal  of  water,  and  a  few  drops  of  muriatic 
acid.  The  carbonaceous  residuum  is  occasionally  slightly  acted  upon.  We  may 
judge  of  this  circumstance  by  the  gases  disengaged,  as  well  as  by  the  appearance  of  the 
charcoal. 

Ductile  iron  and  soft  steel,  as  well  as  white  cast-iron  which  has  been  rendered  gray 
by  roasting,  when  decomposed  by  chloride  of  silver,  aflbrd  a  blackish-brown  unmagnetic 
charcoal,  and  a  plumbaginous  substance  perfectly  similar  to  what  is  extracted  from  the 
same  kinds  of  iron,  by  solution  in  acids.  A  portion  of  this  plumbago  is  also  converted 
into  charcoal  of  a  blackish  brown  color,  by  the  action  of  the  chloride.  Hence  this 
agent  does  not  aflbrd  the  means  of  obtaining  what  has  been  called  the  poly-carburet,  till 
it  has  produced  a  previous  decomposition.  But  we  obtain  it,  in  this  manner,  purer  and  in 
greater  quantity  than  we  could  by  dissolving  the  metal  in  the  acids.  The  only  subject 
of  regret  is,  that  we  possess  no  good  criterion  for  judging  of  the  progress  of  this  analytical 
operation. 

Gray  cast  iron  leaves,  besides  the  poly-carburet,  a  residuum  of  plumbago,  and  carbon 
which  was  not  chemically  combined  with  the  iron  ;  Avhile  tempered  steel  and  white  cast 
iron  aflford  merely  a  blackish  brown  charcoal ;  but  the  operation  is  extremely  slow  with 
the  latter  two  bodies,  because  a  layer  of  charcoal  forms  upon  the  surface,  which  ob- 
structs their  oxydizement.  For  this  reason  the  white  cast  iron  ought  to  be  previously 
changed  into  gray  by  fusion  in  a  crucible  lined  with  charcoal,  before  being  subjected  to  the 
chloride  of  silver;  if  this  process  be  emi  loved  for  tempered  steel,  the  combined  carbon 
becomes  merely  a  poly-carburet.  It  woild  not  be  possible  to  operate  upon  more  than 
15  grains,  which  require  from  60  to  80  times  that  quantity  of  the  chloride,  and  a  period 
of  15  days  for  the  experiment. 

The  residuum,  which  is  separable  from  the  silver  only  by  mechanical  means,  should  be 
dried  a  long  time  at  the  heat  of  boiling  water.  It  contains  almost  always  iron  and  silica. 
After  its  weight  is  ascertained,  it  is  to  be  burned  in  a  crucible  of  platinum  till  the  ashes 
no  longer  change  their  color,  and  are  not  attractable  by  the  magnet.  The  difierence  be- 
tween the  weishts  of  the  dried  and  calcined  residuum  is  the  weight  of  the  charcoal.  The 
oxyde  of  iron  is  afterwards  separated  from  the  silica  by  muriatic  acid. 

In  operating  upon  gray  cast  iron,  we  should  ascertain  separately  the  proportion  of 
graphite  or  plumbago,  and  that  of  the  combined  charcoal.  To  determine  the  former, 
we  dissolve  a  second  quantity  of  the  cast  iron  in  nitric  acid,  with  a  little  muriatic  ;  the 
residuum,  which  is  graphite,  is  separated  from  the  silica  and  the  combined  carbon  by  the 
action  of  caustic  potash.  After  being  washed  and  dried,  it  must  be  weighed.  The  weiglit 
of  the  graphite  obtained  being  deducted  from  the  quantity  of  carbon  resulting  from  the  de- 
composition elfected  by  the  chloride  of  silver,  the  remainder  is  the  amount  of  the  chemi- 
Ci^Jy  combined  carbon. 

By  employing  muriatic  acid,  we  could  dissipate  at  once  the  combined  carbon  ;  but  this 
method  would  be  inexact,  because  the  hydrogen  disengaged  would  carry  off  a  portion  cf 
the  graphite. 

According  to  Karsten,  Mushet's  table  of  the  quantities  of  carbon  contained  in  different 
steels  and  cast  irons  is  altoffether  erroneous.  It  gives  no  explanation  why,  with  equal 
proportions  of  charcoal,  cast  iron  constitutes  at  one  time  a  gray,  soft,  granular  metal,  and 
at  another,  a  white,  hard,  brittle  metal  in  lamellar  facets.  The  incorrectness  of  Mushet's 
statement  becomes  most  manifest  when  we  see  the  white  lamellar  cast  iron  melted  in  a 
crucible  lined  with  charcoal,  take  no  increase  of  weight,  while  the  gray  cast  iron  treated 
in  the  same  way  becomes  considerably  heavier. 

Analysis  has  never  detected  a  trace  of  carbon  unallered  or  of  graphite  in  white  cast  iron, 
if  it  did  not  proceed  from  small  quantities  of  the  gray  mixed  with  it ;  while  perfect  gray 
cast  iron  affords  always  a  much  smaller  quantity  of  carbon  altered  by  combination,  and  a 
much  greater  quantity  of  graphite.  Neither  kind  of  cast  iron,  however,  betrays  the  pres- 
ence of  any  oxygen.  Steel  affords  merely  altered  carbon,  without  graphite  ;  the  same 
thing  holds  true  of  malleable  iron ;  while  the  iron  obtained  by  fusion  with  25  per  cent,  cf 
scales  of  iron  contains  no  carbon  at  all. 

The  graphite  of  cast  iron  is  obtained  in  scales  of  a  metallic  aspect,  whereas  the  com- 
bined carbon  is  obtained  in  a  fine  powder.  When  the  white  cast  iron  has  been  rcasfed, 
and  become  gray,  and  is  as  malleable  as  the  softest  gray  cast  iron,  it  still  affords  no  gra- 
phite as  the  latter  does,  though  in  appearance  both  are  alike.  Yet  in  their  properties 
they  are  still  essentially  dissimilar. 

With  A\  per  cent,  of  carbon,  the  white  cast  iron  preserves  its  lamellar  texture ;  but 
with  less  carbon,  it  becomes  granular  and  of  a  gray  color,  growing  paler  as  the  dose 
of  carboQ  is  diminished,  while  the  metal,  after  passing  through  an  indefinite  number 
of  gradations,  becomes  steely  cast  iron,  very  hard  steel,  soft  steel,  and  steely  wrought 
iron. 

The  steels  of  the  forge  and  the  cast  steels  examined  by  Karsten,  afforded   him  from 
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2°3  to  Ij  per  cent,  of  carton;  in  the  steel  of  cementation  (blistered  steel),  he  never 
found  above  If  of  carbon.  Some  wrought  irons  which  ought  to  contain  no  charcoal,  hold 
as  much  as  |  per  cent,  and  they  then  approach  to  steel  in  nature.  The  softest  and  purest 
irons  contain  still  0*2  per  cent,  of  carbon. 

The  quantity  of  graphite  which  gray  cast-iron  contains,  varies,  according  to  Karsten's 
experiments,  from  2-57  to  3*75  per  cent. ;  but  it  contains,  besides,  some  carbon  in  a  state 
of  alteration.  The  total  contents  in  carbon  varied  from  3*  15  to  4-65  percent.  When 
the  congelation  of  melted  iron  is  very  slow,  the  carbon  separates,  probably  in  conse- 
quence of  its  crystallizing  force,  so  as  to  form  a  gray  cast-iron  replete  with  plumbago. 
If  the  gray  do  not  contain  more  charcoal  than  the  white  from  which  it  has  been  formed, 
and  if  it  contain  the  charcoal  in  the  state  of  mechanical  mixture,  then  it  can  have  little 
or  none  in  a  state  of  combination,  even  much  less  than  what  some  steels  contain.  Hence 
we  can  account  for  some  of  its  peculiarities  in  reference  to  white  cast-iron ;  such  as  its 
granular  texture,  its  moderate  hardness,  the  length  of  time  it  requires  to  receive  anneal- 
ing colors,  the  modifications  it  experiences  by  contact  of  air  at  elevated  temperatures,  the 
high  degree  of  heat  requisite  to  fuse  it,  its  liquidity,  and  finally  its  tendency  to  rust  by 
porosity,  much  faster  than  the  white  cast-iron. 

We  thus  see  that  carbon  may  combine  with  iron  in  several  manners ;  that  the  gray 
cast-iron  is  a  mixture  of  steely  iron  and  plumbago;  that  the  white,  rendered  gray  and  soft 
by  roasting,  is  a  compound  of  steely  iron  and  a  carburet  of  iron,  in  which  the  carbon  pre- 
dominates ;  and  that  untempered  steel  is  in  the  same  predicament. 

For  the  following  analyses  of  cast-irons,  we  are  indebted  to  MM.  Gay  Lussac  and 
Wilson. 

Table. — In  100  parts. 


Cast-iron. 

Iron. 

Carbon. 

Silica. 

Phos- 
phorus. 

Manga- 
nese. 

Remarks. 

White  cast  from  Siegen 

94-338 

2-690 

0-230 

0-162 

2-590 

By  wood  charcoal. 

Do. 

Coblentz    - 

94-654 

2-441 

0-230 

0-185 

2-490 

do. 

Do. 

a.  d.  Champ 

96-133 

2-3-24 

0-840 

0-703 

a  trace 

do. 

Do. 

Isere      -     - 

94-687 

2-636 

0-260 

0-280 

2-137 

do. 

Gray 

Nivemais   - 

95-673 

2-254 

1-030 

1-043 

a  trace 

do. 

Do. 

Berry     -     - 

95-573 

2-319 

1-920 

0-188 

do. 

Mixt'e  of  coke  &  do. 

Do. 

a.  d.  Champ 

95-971 

2-100 

1-060 

0-869 

do. 

Charcoal. 

Do. 

Creusot 

93-385 

2-021 

3-490 

0-604 

do. 

Coke. 

Do. 

a.  d.  Tranche 

Comte     - 

95-689 

2-800 

1-160 

0-351 

do. 

do. 

Do. 

Wales    -     - 

94-842 

1-666 

3-000 

0-492 

do. 

do. 

Do. 

Do.  -     -    - 

95-310 

2-550 

1-200 

0-440 

do. 

do. 

Do. 

Do.  -    -    - 

95-150 

2-450 

1-620 

0-780 

do. 

do.                J 

Karsten  has  given  the  following  results  as  to  carbon,  in  100  parts  of  gray  cast-iron. 


Gray  cast-iron. 

CoiTihined 
carbon. 

Free 
carbon. 

Total, 
carbon. 

Remarks. 

Siegen,  from  brown  iron  stone    - 
Siegen  (Widderstein),  from  brown 
and  sparry  iron  -    -    -    .    - 
Malapane,  from  spherosiderite     - 
Konigshiitte,  from  brown  ore      - 
Do.  at  a  lower  smelting  heat  -    - 

0-89 

1-03 
0-75 
0-58 
0-95 

3-71 

3-62 
3-15 
2-57 
2-70 

4-60 

4-65 
3-90 
3-15 
3-65 

By  wood  charcoal. 

do. 

do. 

coke. 

do. 

Fig.  607  represents  in  section,  and^g.  606  in  plan,  the  famous  cupola  furnace  for  cast- 
ing iron  employed  at  the  Royal  Foundry  in  Berlin.  It  rests  upon  a  foundation  a,  from  18 
to  24  inches  high,  which  supports  the  basement  plate  of  cast-iron,  furnished  with  ledges, 
for  binding  the  lower  ends  of  the  upright  side  plates  or  cylinder,  e.  Near  the  mouth 
there  is  a  top-plate  d,  made  in  several  pieces,  which  serves  to  bind  the  sides  at  their 
upper  end,  as  also  to  cover  in  the  walls  of  the  shaft.  These  plates  are  most  readily  se- 
cured in  their  places  by  screws  and  bolts.  Within  this  iron  case,  at  a  little  distance  from 
it,  the  proper  furnace-shaft  e  is  built  with  fire-bricks,  and  the  space  between  this  and  the 
iron  is  filled  up  with  ashes.  The  sole  of  the  hearth  /,  over  the  basement-plate,  is  com- 
posed of  a  mixture  of  fire-clay  and  quartz-sand  firmly  beat  down  to  the  thickness  of  6  or 
8  inches,  with  a  slight  slope  towards  the  discharge-hole  for  running  off'  the  metal,     g 
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is  the  form  or  the  tuyere  (there  are  sometimes  one  on  each  side) ;  h  the  nose  pipe  :  the 
discharge  aperture  i  is  12  inches  wide  and  15  inches  high ;  across  which  the  sole  of  the 
hearth  is  rammed  down.  During  the  melting  operation,  this  opening  is  filled  up 
with  fire-clay ;  when  it  is  completed,  a  small  hole  merely  is  pierced  through  it  at  the 
lowest  point,  for  running  off  the  liquid  metal.  The  hollow  shaft  should  be  somewhat 
607  a 


wider  at  bottom  than  at  top.  Its  dimensions  vary  with  the  magnitude  of  the  foundrj. 
When  5  feet  high,  its  width  at  the  level  of  the  tuyere  or  blast-hole  may  be  from  20  to  22 
inches.  From  250  to  300  cubic  feet  of  air  per  minute  are  required  for  the  working  of 
such  a  cupola.  For  running  down  100  pounds  of  iron,  after  the  furnace  has  been 
brought  to  its  heat,  48  pounds  of  ordinai-j-  coke  are  used ;  but  with  the  hot  blast  much 
less  will  suffice.  The  furnace  requires  feeding  with  alternate  charges  of  coke  and  iron 
every  8  or  10  minutes.  The  waste  of  ii-on,  by  oxydization  and  slag,  amounts  in  most 
foundries  to  fully  5  per  cent.  For  carrying  off  the  burnt  air,  a  chimney-hood  is  commonly 
erected  over  the  cupola.     See  Foundry. 

The  double-arched  air  or  wind-furnace  used  in  the  foundries  of  Staffordshire  for  melt- 
ing cast-iron  has  been  found  advantageous  in  saving  fuel,  and  preventing  waste  by  slag. 
It  requiies  fire-bricks  of  great  size  and  the  best  composition. 

The  main  central  key-stone  is  constnicted  of  large  fire-bricks  made  on  purpose ;  against 
that  key-stone  the  two  arches  press,  having  their  abutments  at  the  sides  against  the  walls. 
The  highest  point  of  the  roof  is  only  8  inches  above  the  melted  metal.  The  sole  of  the 
hearth  is  composed  of  a  layer  of  sand  8  inches  thick,  resting  upon  a  bed  of  iron  or  of 
brickwork.     The  edge  of  the  fire-bridge  is  only  3  inches  above  the  fluid  iron. 

In  from  2  to  4  hours  from  1  to  3  tons  of  metal  may  be  founded  in  such  a  furnace, 
according  to  its  size ;  but  it  ought  always  to  be  heated  to  whiteness  before  the  iron  is 
introduced.  100  pounds  of  cast-iron  require  from  1  to  \\  cubic  foot  of  coal  to  melt  them. 
The  waste  varies  from  5  to  9  per  cent. 

I  shall  conclude  the  subject  of  iron  with  a  few  miscellaneous  observations  and  statisti- 
cal tables.  Previously  to  the  discovery-  by  Mr.  Cort,  in  1785,  of  the  methods  of  puddling 
and  rolling  or  shingling  iron,  this  country  imported  70,000  tons  of  this  metal  from  Russia 
and  Sweden  ;  an  enormous  quantity  for  the  time,  if  we  consider  that  the  cotton  and  other 
.automatic  manufactures,  which  now  consume  so  vast  a  quantity  of  iron,  were  then  in 
their  infancy ;  and  that  two  years  ago,  the  whole  of  our  importation  from  these  countries 
did  not  exceed  40,000  tons.  From  the  following  table  of  the  prices  of  bar  iron  in  suc- 
cessive years,  we  may  infer  the  successive  rates  of  improvement  and  economy,  with  slight 
vicissitudes. 


Years. 

Per  Ton. 

Years. 

Per  Ton. 

£    S.                 £ 

s. 

£  s.            £   s. 

1824 

9     0     to     10 

0 

1830 

5     5    —    60 

1825 

10    0    —    14 

0 

1831 

5    5    —    5  10 

1826 

8  10    —    10 

0 

1832 

5    0    —    5  10 

1827 

8    0—9 

0 

1833 

5  10    —     6     0 

1828 

7  10    —      8 

0 

1834 

6    0    —    6  10 

1829 

5  10    —      7 

0 

1835 

5  10    —    7     0 

I  have  been  informed  upon  good  authority  that  the  total  production  of  iron  in  Great 
Britain,  in  the  year  1836,  was  almost  exactly  one  million  of  tons  ! 


IRON.  725 

The  export  of  iron  that  year,  in  bars,  rods,  pigs,  castings,  wke,  anchors,  hoops,  nails, 
and  old  iron,  amounted  to  189,390  tons;  in  unwrought  steel  to  3,014,  and  in  cutlery,  to 
21,072;  in  whole  to  213,478.:  leaving  apparently  for  internal  consumption,  776,522  tons, 
from  which  however  one  tenth  probably  should  be  deducted  for  waste,  in  the  conversion 
of  the  bar  iron.  Hence  700,000  tons  may  be  taken  as  the  approximate  quantity  of  iinn 
made  use  of  in  the  United  Kingdom,  in  the  year  1836. 

The  years  1835  and  1836  being  those  of  the  railway  mania  over  the  world,  produced  a 
considerable  temporary  rise  in  the  price  of  bar  iron ;  but  as  this  increased  demand  caused 
the  construction  of  a  great  many  more  smelting  and  refining  furnaces,  it  has  tended  event- 
ually to  lower  the  prices ;  an  effect  also  to  be  ascribed  to  the  more  general  use  of  the  hot 
blast. 

The  relative  cost  of  making  cast  iron  at  Merthyr  Tydvil  in  South  Wales,  and  at 
Glasgow,  was  as  follows,  eight  or  nine  years  ago. 

At  Merthyr. 

s.  Tons.     Cwts.  Qrs.  £   s.   d. 

Raw  mine  at  10  per  ton,        3  7        0-        -        -        -        -        -113     6 

Coal  at    6  2         16        0 0  16     6 

Limestone  1  5        2-        -        -        -        -        -014 

Other  charges     --.---.----091 

Total  Cost 305 

At  Glasgow, 

s,   d.   Tons.   Cwts.  £.  s.      d. 

Raw  mine  at  46        3         10 0  16     3 

Splint  coal  at  2     5         5         15 0  14    0 

Limestone  at  0     3         0         14 036 

Coals  for  the  engine      1         10-        -        -        -        -        -        -        -        030 

Other  charges        ..------.--110 

Total  cost 2  17     9 

The  cost  is  still  nearly  the  same  at  Merthyr,  but  it  has  been  greatly  decreased  at 
Glasgow. 

The  saving  of  fuel  by  the  hot-blast  is  said  to  be  in  fact  so  great,  that  blowing  cylinders, 
which  were  adequate  merely  to  work  three  furnaces  at  the  first  period,  were  competent 
to  work  four  furnaces  at  the  last  period.  The  saving  of  materials  has  moreover  been 
accompanied  by  an  increase  of  one  fourth  in  the  quantity  of  iron,  in  the  same  time ;  as  a 
furnace  which  turned  out  only  60  tons  a  week  with  the  cold  blast,  now  turns  out  no  less 
than  80  tons.  That  the  iron  so  made  is  no  worse,  but  probably  better,  when  judiciously 
smelted,  woidd  appear  from  the  following  statement.  A  considerable  order  was  not  long 
since  given  to  four  iron-work  companies  in  England,  to  supply  pipes  to  one  of  the  London 
water-companies.  Three  of  these  supplied  pipes  made  from  the  cold-blast  iron ;  the 
fourth,  it  is  said,  supplied  pipes  made  with  the  hot-blast  iron.  On  subjecting  these 
several  sets  of  pipes  to  the  requisite  trials  by  hydraulic  pressure,  the  last  lot  was  found 
to  stand  the  proof  far  better  than  any  of  the  former  three. — That  iron  was  made  with 
raw  coal. 

I  have  bee*  since  told  by  eminent  iron-masters  of  Merthyr,  that  this  statement  stands 
in  need  of  confirmation,  or  is  probably  altogether  apocryphal,  and  that  as  they  find  the 
hot-blast  weakens  the  iron,  they  will  not  adopt  it. 

Between  the  cast  irons  made  in  different  parts  of  Great  Britain,  there  are  characteristic 
differences.  The  Staffordshire  metal  runs  remarkably  fluid,  and  makes  fine  sharp  castings. 
The  Welsh  is  strong,  less  fluent,  but  produces  bar  iron  of  superior  quality.  The  Derby- 
shire iron  also  forms  excellent  castings,  and  may  be  worked  with  care  into  very  good  bar 
iron.  The  Scotch  ii-on  is  very  valuable  for  casting  into  hollow  wares,  as  it  aflbrds  a  beau- 
tiful smooth  skin  from  the  moulds,  so  remarkable  in  the  castings  of  the  Carron  company, 
in  Stirlingshire,  and  of  the  Phoenix  foundry,  at  Glasgow.  The  Shropshire  iron  resembles 
the  Staffordshire  in  its  good  qualities. 

The  average  quantity  of  fine  metal  obtainable  from  the  forge-pigs  at  Merthyr  Tydvil, 
from  the  finery  furnace,  is  one  ton  for  22^  cwts.  of  cast  iron,  with  a  consumption  of  about 
9^  cwts.  of  coal  per  ton. 


726  IRON. 

Estimate  of  the  average  cost  of  erecting  three  blast  furnaces. 

BUILDING    KXPENSES. 

Foundalions      ------..-__..  £480 

Masoruy  of  hewn  grit-stones          --.-.....  600 

Common  bricklayers'  work         ------._..  1200 

Lining  of  the  furnace,  hearth,  &c.,  in  fire-bricks     --.-.-  1140 

Fire-clay  for  building         ---.-......  gQ 

Lime  and  sand       -------.-...  800 

CAST  IRON. 

Cast  iron  pieces,  such  as  dam-plates,  tjTnp-plates,  beams,  tuydre-plates,  &c., 

weighing  about  24  tons  for  each  furnace ;— in  whole       .        -        .        .        .  1140 

WROUGHT    IRON. 

For  the  binding-hoops,  keys,  &c. ;  5  tons  for  each  ----..  300 

COST    OF   LABOR. 

Bricklayers,  masons,  and  laborers  in  building    ........  1080 

VARIOUS    EXPENSES. 

Scaffolding    .............  43 

Tools 160 

Shed  in  front  of  each  furnace         -....--..  480 

Terracing,  cost  of  ground,  &c.  ----------  2400 

Total  cost  of  erecting  the  furnaces     -------.  9908 

INCIDENTAL   CHARGES. 

Blowing  machinery,  and  steam  engine  of  80  horse  power  -        ...        -  6400 

Inclined  railway  for  mounting  the  charges      .--._..  120 

Gallery  for  cliarging          ...........  160 

Steam  engine  house       ...........  400 

Chimneys,  boilers,  &c.      ...........  480 

Roasting  kilns        ............  48O 

Coke  kilns        .............  800 

Dwelling-houses  for  workmen        .........  80O 

Total  cost  of  three  furnaces  complete     .......        £19,548 

Estimate  from  the  Neath  Ahhey  Works  in  S.  Wales,  of  the  cost  of  machines  requisite  for 
a  forge  and  shinghng-mill,  capable  of  turning  out  120  tons  of  bar  iron  per  week. 

1 .  Steam  engine  upon  Bolton  and  Watt's  construction ;  of  40  inches  diameter 

in  the  cylinder,  and  8  feet  stroke ;  with  boilers,  pipes,  grate,  bars,  fire- 
doors,  &c.,  &c.,  complete           ..--..  £1600 

2.  System  of  great-gearing  for  transmitting  the  crank-motion  of  the  engine  to 

the  mill  work,  with  fly-wheels,  &c.    -            -            .            .            .  1090 

3.  A  system  of  roughing  rolls,  with  pinions,  uprights,  and  every  thing  £lse 

necessary           ........  525 

4.  Two  pairs  of  iinisher-rolls,  with  all  their  accessories     ...  525 

5.  Two  pairs  of  shear  machines,  at  170/.  apiece        ....  340 

6.  One  pair  of  rolls  of  10  inches  diameter,  for  making  small  bar  iron,  with  all 

their  accessories        .......  230 

7.  Forge   hammer,   including   the  anvil,   the  cam-shafts,  and  all  the  other 

requisites            -            .            .            -            -            .            .            .  185 

8.  A  complete  turning  lathe            ......  200 

£4695 

9.  To  the  above  must  be  added,  spare  cylinders  weighing  about  60  tons        .  960 

10.  Duplicate  articles  for  the  steam-engine            ....  ? 

11.  150  tons  of  cast-iron  plates,  to  cover  the  floor  of  the  mill  ...  900 

12.  Eight  tons  of  cast-iron  pieces  for  a  reverberatory  furnace          .            .  52 

13.  Tools  of  malleable  iron  ;  rakes,  oars,  &c.               ....  28 

14.  Castings  for  mounting  a  cupola  furnace              ....  50 
r  5.  Blowing  machine  for  the  cupola     -...-.  RO 
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Estimate  from  Neath  Abbey  Works. — continued. 

16.  Pieces  of  iion  for  a  small  forge,  with  two  fires,  two  bellows,  two  anvils,  ii'on 

tools  faced  with  steel,  and  common  iron  tools,  &c.             ...  £100 

17.  Eight  tons  of  cast-iron  pieces,  and  Avrought-iron  pieces  for  14  puddling  fur- 

naces        .........  983 

18.  Seven  tons  of  cast-iron  pieces,  and  wrought-iron  for  4  re-heating  furnaces  252 

19.  Tools  for  the  puddlers  and  other  workmen  -----  15 

20.  Iron  mountings  for  two  cranes,  partly  made  of  wood            ...  50 


Total  cost  of  machines  and  pieces  of  iron     -  -  -  .  .      £8165 

To  the  above,  the  cost  of  the  steam  engine  house  is  to  be  added,  that  of  another  Ibrge 
hammer,  and  incidental  expenses. 

In  Staffordshire,  the  following  estimate  has  been  given  : 
A  steam  engine  of  60-horse  power  -..-..         £016 

Rolls,  with  the  iron  work  of  the  furnaces,  &c.,  to  make  120  tons  of  bar  iron 
weekly  .--......         2572 


£4588 
The  Neath  Abbey  estimate  is  greater,  but  that  company  has  a  high  character  for  making 
substantial,  well-finished  machinery. 

Bar  iron,  made  entirely  from  ore  without  admixture  of  cinder,  or  vitrified  oxyde,  is 

always  reckoned  worth  10s.  a  ton  more  than  the  average  iron  in  the  market,  which  is 

frequently  made  by  smelting  25  per  cent,  of  cinder  with  75  of  ore  or  mine,  as  it  is  called. 

Importation  of  iron  in  bars  or  un wrought,  for  home  consumption ;  and  amount  of  dutv,  in 

1836.  1837.  1836.  J837 

18,978  tons  18  cwts.     |      13,470  tons  4  cwts.     ]      £28,450        |  £20,065 

M,  VirleVs  Statistical  Table  of  the  produce  of  Iron  in  Europe, 

Quintals. 

England  (1827) 7,098,000 

France  (1834)         .-..--.  2,200,000 

Russia  (1834)          .......  ],150,000 

Austria  (1829)        -.--...  850,000 

Sweden  (1825)        - 850,000 

Prussia        --.---.-  800,000 

The  Hartz  Mountains        ----.-  600,000 

Holland  and  Belgium          .--_..  600,000 

Elba  and  Italy        -..__.-  280,000 

Piedmont    -...----  200,000 

Spain           --..---.  180,000 

Norway      --..._--  150,000 

Denmark    -..             .-.-.  135,000 

Bavaria       --.             .._.-  130,000 

Saxony        --.             -----  80,000 

Poland        --..----  75,000 

Switzerland             -.-----  30,000 

Savoy          -             . 25,000 


Total  -  .  -  . .  -       •      -  .  13,433,000     (equal 

to  about  672,000  tons). 
For  additional  statistics  of  iron,  see  Pitcoal,  at  the  end. 

Bronzing  of  polished  iron. — The  barrels  of  fowling-pieces  and  rifles  are  occasionally 
bronzed  and  varnished,  to  relieve  the  eye  of  the  sportsman  from  the  glare  of  a  polished 
metal,  and  to  protect  the  surface  from  rusting.  The  liquid  used  for  browning  tlie  barrels 
is  made  by  mixing  nitric  acid  of  specific  gravity  1-2,  with  its  own  weight  of  spiiit  of  nitric 
ether,  of  alcohol,  and  tincture  of  muriate  of  iron ;  and  adding  to  that  mixture  a  quantity 
of  sulphate  of  copper  equal  in  weight  to  the  nitric  acid  and  ethereous  spirit  taken  together. 
The  sulphate  must  be  dissolved  in  water  before  being  added ;  and  the  whole  being  diluted 
with  about  10  times  its  weight  of  water,  is  to  be  bottled  up  for  use.  This  liquid  must  be 
applied  by  friction  with  a  rag  to  the  clear  barrel,  which  must  then  be  rubbed  with  a  hard 
brush  ;  processes  to  be  alternated  two  or  three  times.  The  barrel  should  be  afterwards 
dipped  in  boiling  water,  rendered  feebly  alkaline  with  carbonate  of  potash  or  soda,  well 
dried,  burnished,  and  heated  slightly  for  receiving  several  coats  of  tin-smith's  lacker, 
consisting  of  a  solution  of  shellac  in  alcohol,  colored  with  dragon's  blood. 

ISINGLASS,  o.r  Fish-glue,  called  in  Latin  ichthyocolla,  is  a  whitish,  dry,  tcugb,  semi- 
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transparent  substance,  twisted  into  different  shapes,  often  in  the  form  of  a  lyre,  and 
consisting  of  membranes  rolled  together.  Good  isinglass  is  unchangeable  in  the  air,  has 
a  leathery  aspect,  and  a  mawkish  taste  nearly  insipid ;  when  steeped  in  cold  water,  it 
swells,  softens,  and  separates  in  membranous  laminae.  At  the  boiling  heat  it  dissolves 
in  water,  and  the  solution,  on  cooling,  forms  a  white  jelly,  which  is  semi-transparent, 
soluble  in  weak  acids,  but  is  precipitated  from  them  by  alkalis.  It  is  gelatine  nearly 
pure ;  and  if  not  brittle,  like  other  glue,  this  depends  on  its  fibrous  and  elastic  texture. 
The  whitest  and  finest  is  preferred  in  commerce.  Isinglass  is  prepared  from  the  air- 
bladders  of  sturgeons,  and  especially  the  great  sturgeon,  the  accipenser  huso ;  which  is 
fished  on  the  shores  of  the  Caspian  sea,  and  in  the  rivers  flowing  into  it,  for  the  sake 
chiefly  of  its  swim  bladder. 

The  preparation  of  isinglass  in  this  part  of  Russia,  and  particularly  at  Astracan,  con- 
sists in  steeping  these  bladders  in  water,  removing  carefully  their  external  coat,  and  the 
blood  which  often  covers  them,  putting  them  in  a  hempen  bag,  squeezing  them,  softening 
them  between  the  hands,  and  twisting  them  into  small  cylinders,  which  are  afterwards  bent 
into  the  shape  of  a  lyre.  They  are  ready  for  the  market  immediately  after  being  dried  in 
the  sun,  and  whitened  with  the  fumes  of  burning  sulphur. 

In  some  districts  of  Moldavia,  another  process  is  followed.  The  skin,  the  stomach, 
the  intestines,  and  tbe  swim  bladder  of  the  sturgeon  are  cut  in  small  pieces,  steeped  in 
cold  water,  and  then  gently  boiled.  The  jelly  thus  obtained  is  spread  in  thin  layers  to 
dry,  when  it  assumes  the  appearance  of  parchment.  This  being  softened  in  a  little  water, 
then  rolled  into  cylinders,  or  extended  into  plates,  constitutes  an  inferior  article. 

The  swim  bladder  of  the  cod  and  many  other  fishes  also  furnishes  a  species  of  isin- 
glass, but  it  is  much  more  membranous,  and  less  soluble,  than  that  of  the  sturgeon. 

The  properties  of  isinglass  are  the  same  as  those  of  gelatine  or  pure  glue  ;  and  its  uses 
are  very  numerous.  It  is  employed  in  considerable  quantities  to  clarify  ale,  wine,  liqueurs, 
and  coffee.  As  an  article  of  food  to  the  luxurious  in  the  preparatioa  o'f  creams  and  jel- 
lies, it  is  in  great  request.  Four  parts  of  it  convert  100  of  water  into  a  tremulous  jelly, 
which  is  employed  to  enrich  many  soups  and  sauces.  It  is  used  along  with  gum  as  a 
dressing  to  give  lustre  to  ribands  and  other  silk  articles.  The  makers  of  artificial  pearls 
employ  it  to  fix  the  essence  d'Orient  on  the  glass  globules  which  form  these  pearls,  and 
the  Turks  set  their  precious  stones  or  jewellery  by  means  of  isinglass  dissolved  in  alco- 
hol along  with  gum  ammoniac  ;  a  combination  which  is  also  employed  in  this  country  to 
join  broken  pieces  of  China  and  glass,  under  tlie  name  of  diamond  cement.  That  setting 
preserves  its  transparency  after  it  solidifies,  if  it  be  well  made. 

It  is  by  covering  taffety  or  thin  silk  with  a  coat  of  isinglass  that  court  plaster  is  made. 
A  solution  of  isinglass  colored  with  carmine  forms  an  excellent  injection  liquor  to  the 
anatomist.  M.  Itochen  has  made  another  pretty  application  of  iringlass.  He  plunges 
into  a  limpid  solution  of  it,  made  by  means  of  a  water  bath,  sheets  of  wire  gauze  set  in 
window  or  lamp  frames,  which,  when  cold,  have  the  appearance  of  glass,  and  answer  in- 
stead of  it  for  shades  and  other  purposes.  If  one  dip  be  not  sufficient  to  make  a  proper 
transparent  plate  of  isinglass,  several  may  be  given  in  succession,  allowing  each  film  to 
harden  in  the  interval  between  the  dips.  The  outer  surface  should  be  varnished  to  pro- 
tect it  from  damp  air.  These  panes  of  gelatine  are  now  generally  used  for  lamps  instead 
of  horn,  in  the  maritime  arsenals  of  France. 

Isinglass  imported  for  home  consumption,  and  duties  paid,  in 

1835.  1836.  1835.  1836. 

1,814  cwts.      I       1,735  cwts.    |      £4,290  |        £4,125 

ISLAND  MOSS  (Lichen  d'Islande,  Fr. ;  Flechte  IsL,  Germ.)  is  a  lichen,  the  Cetraria 
islandica,  which  contains  a  substance  soluble  in  hot  water,  but  forming  a  jelly  when  it 
cools,  styled  lichenine  by  M.  Guerin.  Lichenine  has  a  yellowish  tint  in  the  dry  state,  is 
transparent  in  thin  plates,  insipid,  inodorous,  and  difficult  to  pulverize.  Cold  water  makes 
it  swell,  but  docs  not  dissolve  it.  It  is  precipitated  in  M'hite  flocks  by  alcohol  and  ether. 
Iodine  tinges  it  of  a  brownish-green.  Sulphuric  acid  converts  it  into  sugar;  and  the 
nitric  into  oxalic  acid.  Lichenine  is  prepared  by  extracting  first  of  all  from  the  plant  a 
bitter  coloring  matter,  by  digesting  1  pound  of  it  in  16  pounds  of  cold  water,  containing 
1  ounce  of  pearlash ;  then  draining  the  lichen,  edulcorating  with  cold  water,  and  boiling 
it  in  9  pounds  of  boiling  water  till  3  pounds  be  evaporated.  The  jelly  which  forms,  upon 
cooling  the  filtered  solution,  is  dark  colored,  but,  being  dried  and  redissolved  in  hot  water, 
it  becomes  clear  and  colorless.  Lichenine  consists  of  39-33  carbon,  7-24  hydrogen,  and 
55-43  oxygen.  With  potash,  lime,  oxyde  of  lead,  and  tincture  of  galls,  the  habitudes  of 
lichenine  and  starch  are  the  same.  The  mucilage  of  island  moss  is  preferred  inGer- 
many  to  common  paste  for  dressing  the  warp  of  webs  in  the  loom,  because  it  remains 
soft,  from  its  hygrometric  quality.  It  is  also  mixed  with  the  pulp  for  sizing  paper  in 
the  vat. 

IVORY  {Ivoire,  Fr. ;   Elfeiibein,  Germ.)    is   the    osseous   matter   of  the   tusks   and 
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teeth  of  the  elephant,  the  hippopotamus,  or  morse,  wild  boar,  several  species  of  phocee, 
as  well  as  the  horn  or  tooth  of  the  narwhal.  Ivory  is  a  white,  fine-grained,  dense  sub- 
stance, of  considerable  elasticity,  in  thin  plates,  and  more  transparent  than  paper  of  equal 
thickness.  The  outside  of  the  tusk  is  covered  by  the  cortical  part,  which  is  softer  and 
less  compact  than  the  interior  substance,  with  the  exception  of  the  brown  plate  that 
sometimes  lines  the  interior  cavity.  The  hardest,  toughest,  Avhitest,  and  most  translucent 
ivory,  has  the  preference  in  the  market ;  and  the  tusks  of  the  sea-horse  are  considered 
to  aiford  the  best.  In  these,  a  rough  glassy  enamel  covers  the  cortical  part,  of  such 
hardness,  as  to  strike  sparks  with  steel.  The  horn  of  the  narwhal  is  sometimes  ten  feet 
long,  and  consists  of  an  ivory  of  the  finest  description,  as  hard  as  that  of  the  elephant, 
and  susceptible  of  a  better  polish ;  but  it  is  not  in  general  so  much  esteemed  as  the 
latter. 

Ivory  has  the  same  constituents  as  the  teeth  of  animals,  three  fourths  being  phosphate, 
with  a  little  carbonate  of  lime  ;  one  fourth  cartilage.     See  Bones. 

It  is  extensively  employed  by  miniature  painters  for  their  tablets ;  by  turners,  in 
making  numberless  useful  and  ornamental  objects  ;  by  cutlers,  for  the  handles  of  knives 
and  forks  ;  by  comb-makers  ;  as  also  by  philosophical  instrument  makers,  for  constructing 
the  scales  of  thermometers,  &c.  The  ivory  of  the  sea-horse  is  preferred  by  dentists  for 
making  artificial  teeth ;  that  of  the  East  India  elephant  is  better  than  of  the  African. 
When  it  shows  cracks  or  fissures  in  its  substance,  and  when  a  splinter  broken  otf  has  a 
dull  aspect,  it  is  reckoned  of  inferior  value.  Ivory  is  distinguishable  from  bone  by  its 
peculiar  semi-transparent  rhombohsdral  net-work,  which  may  be  readily  seen  in  slips  of 
ivory  cut  transversely. 

Ivory  is  very  apt  to  take  a  yellow-brown  tint  by  exposure  to  air.  It  may  be  Avhitened 
or  bleached,  by  rubbing  it  first  with  pounded  pumice-stone  and  water,  then  placing  it  moist 
under  a  glass  shade  luted  to  the  sole  at  the  bottom,  and  exposing  it  to  sunshine.  The 
sunbeams  without  the  shade  would  be  apt  to  occasion  fissures  in  the  ivory  The  moist 
rubbing  and  exposure  may  be  repeated  several  times. 

For  etching  ivory,  a  ground  made  by  the  following  recipe  is  to  be  applied  to  the  polish- 
ed surface  : — Take  of  pure  white  wax,  and  transparent  tears  of  mastic,  each  one  ounce ; 
asphalt,  half  an  ounce.  The  mastic  and  asphalt  having  been  separately  reduced  to  fine 
powder,  and  the  wax  being  melted  in  an  earthenware  vessel  over  the  fire,  the  mastic  is 
to  be  first  slowly  strewed  in  and  dissolved  by  stirring  ;  and  then  the  asphalt  in  like  man- 
ner. This  compound  is  to  be  poured  out  into  lukewarm  water,  well  kneaded,  as  it  cools, 
by  the  hand,  into  rolls  or  balls  about  one  inch  in  diameter.  These  should  be  kept  wrap- 
ped round  with  taffety.  If  white  rosin  be  substituted  for  the  mastic,  a  cheaper  composition 
will  be  obtained,  which  answers  nearly  as  well ;  2  oz.  asphalt,  1  oz.  rosin,  j  oz.  white 
wax,  being  good  proportions.  Callot's  etching  ground  for  copper  plates,  is  made  by  dis- 
solving with  heat  4  oz.  of  mastic  in  4  oz.  of  very  fine  linseed  oil ;  filtering  the  varnish 
through  a  rag,  and  bottling  it  for  use. 

Either  of  the  two  first  grounds  being  applied  to  the  ivory,  the  figured  design  is 
to  be  traced  through  it  in  the  usual  way,  a  ledge  of  wax  is  to  be  applied,  and  the 
surface  is  to  be  then  covered  with  strong  sulphuric  acid.  The  effect  comes  better  out 
with  the  aid  of  a  little  heat ;  and  by  replacing  the  acid,  as  it  becomes  dilute  by  absorp- 
tion of  moisture,  with  concentrated  oil  of  vitriol.  Simple  wax  may  be  employed  instead 
of  the  copperplate  engraver's  ground  ;  and  strong  muriatic  acid  instead  of  sulphuric.  If 
an  acid  solution  of  silver  or  gold  be  used  for  etching,  the  design  will  become  purple  or 
black,  on  exposure  to  sunshine.  The  wax  may  be  washed  away  with  oil  of  turpentine. 
Acid  nitrate  of  silver  affords  the  easiest  means  of  tracing  permanent  black  lines  upon 
ivory. 

Ivory  may  be  dyed  by  using  the  following  prescriptions  : — 

1.  Black  dye. — If  the  ivory  be  laid  for  several  hours  in  a  dilute  solution  of  neutral 
nitiate  of  pure  silver,  with  access  of  light,  it  will  assume  a  black  color,  having  a  slightly 
green  cast.  A  still  finer  and  deeper  black  may  be  obtained  by  boiling  the  ivory  for  some 
time  in  a  strained  decoction  of  logwood,  and  then  steeping  it  in  a  solution  of  red  sulphate 
or  red  acetate  of  iron. 

2.  Blue  dye. — When  ivory  is  kept  immersed  for  a  longer  or  shorter  time  in  a  dilute  solu- 
tion of  sulphate  of  indigo  (partly  saturated  with  potash),  it  assumes  a  blue  tint  of  greater 
or  less  intensity. 

3.  Green  dye. — This  is  given  by  dipping  blued  ivory  for  a  little  while  in  solution  of 
nitro-muriate  of  tin,  and  then  in  a  hot  decoction  of  fustic. 

4.  Yellow  dye  is  given  by  impregnating  the  ivory  first  with  the  above  tin  mordant,  and 
then  digesting  it  with  heat  in  a  strained  decoction  of  fustic.  The  color  passes  into 
orange,  if  some  Brazil  wood  has  been  mixed  with  the  fustic.  A  very  fine  unchangeable 
yellow  may  be  communicated  to  ivory  by  steeping  it  18  or  24  hours  in  a  strong  solution 
of  the  neutral  chromate  of  potash,  and  then  plunging  it  for  some  time  in  a  boiling  hot 
solution  of  acetate  of  lead. 
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5.  Red  dye — may  be  given  by  imbuing  the  ivoiy  first  with  the  tin  mordant,  then 
plunging  it  in  a  bath  of  Brazil  wood,  cochineal,  or  a  mixture  of  the  two.  Lac-dye  may 
be  used  with  still  more  advantage,  to  produce  a  scarlet  tint.  If  the  scarlet  ivory  be 
plunged  for  a  little  in  a  solution  of  potash,  it  will  become  cherry  red. 

6.  Violet  dye — is  given  in  the  logwood  bath  to  ivory  previously  mordanted  for  a  short 
time  with  solution  of  tin.  "When  the  bath  becomes  exhausted,  it  imparts  a  lilach  hue. 
Violet  ivory  is  changed  to  purple-red  by  steeping  it  a  little  while  in  water  containing  a 
few  drops  of  nitro-muriatic  acid. 

With  regard  to  dyeing  ivory,  it  may  in  general  be  observed,  that  the  colors  penetrate 
better  before  the  surface  is  polished  than  afterwards.  Should  any  dark  spots  appear,  they 
may  be  cleared  up  by  rubbing  tliem  with  chalk ;  after  which  the  ivory  should  be  dyed 
once  more  to  produce  perfect  uniformity  of  shade.  On  taking  it  out  of  the  boiling  hot 
dye  bath,  it  ought  to  be  immediately  plunged  into  cold  water,  to  prevent  the  chance  of 
fissures  being  caused  by  the  heat. 

If  the  borings  and  chips  of  the  ivory-turner,  called  ivory  dust,  be  boiled  in  water,  a 
kind  of  fine  size  is  obtained. 

The  importation  of  elephants'  teeth  for  home  consumption  was,  in  1834,  4,282  cwts. : 
in  1835,  3,698 ;  and  in  1836,  4,584  cwts. ;  duty,  1/.  per  cwt. 

IVORY  BLACK  (Noir  d'ivoire,  Fr. ;  Kohle  von  Elfenbein,  Germ.)  is  prepared  from 
ivory  dust,  by  calcination,  in  the  very  same  way  as  is  described  under  Bone  Black. 

The  calcined  matter,  being  ground  and  levigated  on  a  porphyiy  slab,  affords  a  beau- 
tiful velvety  black,  much  used  in  copperplate  printing.  Ivorj'  black  may  be  pre- 
pared upon  the  small  scale,  by  a  well  regulated  ignition  of  the  ivorj'  dust  in  a  covered 
crucible. 


K. 

KALI.  The  Arabs  gave  this  name  to  an  annual  plant  which  grows  near  the  sea- 
shore ;  now  known  under  the  name  of  sahola  soda,  and  from  whose  ashes  they  extracted 
a  substance,  which  they  called  alkali,  for  making  soap.  The  term  kali  is  used  by  Ger- 
man chemists  to  denote  caustic  potash  ;  and  kalium,  its  metallic  basis ;  instead  of  our 
potassa  and  potassium,  of  preposterous  pedigree,  being  derived  from  the  words  pot  ashes, 
that  is,  ashes  prepared  in  a  pot. 

KAOLIN  (Terre  a  porcelaine,  Fr. ;  Porzellanerde,  Germ.)  is  the  name  given  by  the 
Chinese  to  the  fine  white  clay  with  which  they  fabricate  the  biscuit  of  their  porcelains. 
See  Clay.     Berthier's  analyses  of  two  porcelain  earths  are  as  follows : — 


Analyses. 

From  Passau. 

From  Saint  Yriex. 

Silica       .... 

Alumina 

Lime       .... 

Oxyde  of  iron 

Potass     .... 

Water 

45-06 

32-00 

0-74 

0-90 

18-0 

46-8 
37-3 

2-5 
13-0 

96-7 

99-6 

KARABE',  a  name  of  amber,  of  Arabic  origin,  in  use  upon  the  Continent. 

KELP  (Varec,  Fr. ;  Wareck,  Germ.)  is  the  crude  alkaline  matter  produced  by  inciner- 
ating various  species  of  fuci,  or  sea-weed.  They  are  cut  with  sickles  from  the  rocks  in 
the  summer  season,  dried  and  then  burned,  with  much  stirring  of  the  pasty  ash.  I  have 
analyzed  many  specimens  of  kelp,  and  found  the  quantity  of  soluble  matter  in  100  parts 
of  the  best  to  be  from  53  to  62,  while  the  insoluble  was  from  47  to  38.  The  soluble  con- 
sisted of — 


Sulphate  of  Soda  .  .  - 

Soda  in  carbonate  and  sulphuret  - 
Muriate  of  soda  and  potash 


8-0 

19-0 

8-5 

5-5 

36-5 

37-5 

53-0 


62-0 
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The  insoluble  matter  consisted  of — 
Carbonate  of  lime 
Silica    -  -  -  - 

Alumina  tinged  with  iron  oxyde 
Sulphate  of  lime 
Sulphur  and  loss 


24-0 

10-0 

8-0 

0-0 

9-0 

10-0 

0-0 

9-5 

6-0 

8-5 

100-0  100-0 


The  first  of  these  specimens  was  from  Heisker,  the  second  from  Rona,  both  in  the 
isle  of  Skye,  upon  the  property  of  Lord  Macdonald.  From  these,  and  many  other  analyses 
which  I  have  made,  it  appears  that  kelp  is  a  substance  of  very  variable  composition,  and 
hence  it  was  very  apt  to  produce  anomalous  results,  when  employed  as  the  chief  alkaline 
flux  of  crown  glass,  which  it  was  for  a  very  long  period.  The  fuais  vesiculosus  and  fucus 
twdosus  are  reckoned  to  afford  the  best  kelp  by  incineration ;  but  all  the  species  yield  a 
better  product  when  they  are  of  two  or  three  years  growth,  than  when  cut  younger.  The 
varec,  made  on  the  shores  of  Normandy,  contains  almost  no  carbonate  of  soda,  but  much 
sulphate  of  soda  and  potash,  some  hyposulphate  of  potash,  chloride  of  sodium,  iodide  of 
potassium,  and  chloride  of  potassium ;  the  average  composition  of  the  soluble  salts  being, 
according  to  M.  Gay  Lussac,  56  of  chloride  of  sodium,  25  of  chloride  of  potassium,  and  a 
little  sulphate  of  potash.  The  very  low  price  at  which  soda  ash,  the  dry  crude  carbonate 
from  the  decomposition  of  sea  salt,  is  now  sold,  has  nearly  superseded  the  use  of  kelp,  and 
rendered  its  manufacture  utterly  unprofitable — a  great  misfortune  to  the  Highlands  and 
Islands  of  Scotland. 

KERMES.  There  are  two  substances  so  called,  of  totally  different  natures.  Kermes 
mineral  is  merely  a  factitious  sulphuret  of  antimony  in  a  state  of  impalpable  comminution, 
prepared  in  the  moist  way.  Its  minute  examination  belongs  to  pharmaceutical  chemistry. 
It  may  be  obtained  perfectly  pure,  by  diluting  the  proto-chloride  of  antimony  with  solution 
of  tartaric  acid,  and  precipitating  the  metal  with  sulphureted  hydrogen  ;  or  by  exposing 
the  finely  levigated  native  sulphuret  to  a  boiling  solution  of  carbonate  of  potash  for  some 
time,  and  filtering  the  liquor  while  boiling  hot.  The  kermes  falls  down  in  a  brown-red 
powder,  as  the  liquor  cools. 

Kerines-grains,  alkermes,  are  the  dried  bodies  of  the  female  insects  of  the  species  coccus 
ilicis,  which  lives  upon  the  leaves  of  the  quercus  ilex  (prickly  oak).  The  word  kermes 
is  Arabic,  signifies  little  worm.  In  the  middle  ages,  this  dye  stuff  was  therefore  called 
vermiculus  in  Latin,  and  vermilion  in  French.  It  is  curious  to  consider  how  the  name 
vermilion  has  been  since  transferred  to  red  sulphuret  of  mercury. 

Kermes  has  been  known  in  the  East  since  the  days  of  Moses  ;  it  has  been  employed 
from  time  immemorial  in  India  to  dye  silk ;  and  was  used  also  by  the  ancient  Greek 
and  Roman  dyers.  Pliny  speaks  of  it  under  the  name  of  coccigranum,  and  says  that 
there  grew  upon  the  oak  in  Africa,  Sicily,  &c.  a  smaU  excrescence  Uke  a  bud,  caUed 
cusculium ;  that  the  Spaniards  paid  with  these  grains,  half  of  their  tribute  to  the 
Romans  ;  that  those  produced  in  SicUy  were  the  worst ;  that  they  served  to  dye  purple  ; 
and  that  those  from  the  neighborhood  of  Emerita  in  Lusitania  (Portugal)  were  the 
best. 

In  Germany,  during  the  ninth,  twelfth,  thirteenth,  and  fourteenth  centuries,  the  rural 
eerfs  were  bound  to  deliver  annually  to  the  convents,  a  certain  quantity  of  kermes,  the 
coccus  polonicus,  among  the  other  products  of  husbandry.  It  was  collected  from  the  trees 
upon  Saint  John's  day,  between  eleven  o'clock  and  noon,  with  religious  ceremonies,  and 
was  therefore  called  Johannisblut  (Saint  John's  blood),  as  also  German  cochineal.  At  the 
above  period,  a  great  deal  of  the  Gterman  kermes  was  consumed  in  Venice,  for  dyeing  the 
scarlet  to  which  that  city  gives  its  name.  After  the  discovery  of  America,  cochineal  hav- 
ing been  introduced,  began  to  supersede  kermes  for  all  brilliant  red  dyes. 

The  principal  varieties  of  kermes  are  the  coccus  quercus,  the  cocciis  polonicus,  the  coccus 
fragaria,  and  the  coccus  uva  ursi. 

The  coccus  quercus  insect  lives  in  the  south  of  Europe  upon  the  kermes  oak.  The 
female  has  no  wings,  is  of  the  size  of  a  small  pea,  of  a  brownish-red  color,  and  is  covered 
with  a  whitish  dust.  From  the  middle  of  May  to  the  middle  of  June  the  eggs  are  collected, 
and  exposed  to  the  vapor  of  vinegar,  to  prevent  their  incubation.  A  portion  of  eggs 
is  left  upon  the  tree  for  the  maintenance  of  the  brood.  In  the  department  of  the  Bouches- 
du-Rhone,  one  half  of  the  kermes  crop  is  dried.  It  amounts  annually  to  about  60  quintals 
or  cwts.,  and  is  warehoused  at  Avignon. 

The  kermes  of  Poland,  or  coccus  polonicus,  is  found  upon  the  roots  of  the  scleranthus 
perennis  and  the  scleranthus  annuus,  in  sandy  soils  of  that  country  and  the  Ukraine.  This 
species  has  the  same  properties  as  the  preceding ;  one  pound  of  it,  according  to  Wolfe, 
being  capable  of  dyeing  10  pounds  of  wool ;  but  Hermstaedt  could  not  obtain  a  fine 
color,  although  he  employed  5  times  as  much  of  it  as  of  cochineal.    The  Turks,  Arme- 
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nians,  and  Cossacks,  dje  with  kermes  their  morocco  leather,  cloth,  sillc,  as  well  as  the 
manes  and  tails  of  their  horses. 

The  kermes  called  coccus  fragarice,  is  found  principally  in  Siberia,  upon  the  root  of  the 
common  strawberry. 

The  coccus  uva  ursi  is  twice  the  size  of  the  Polish  kermes,  and  dyes  with  alum  a  line 
red.     It  occurs  in  Russia. 

Kermes  is  found  not  only  upon  the  lycopodium  complanatum  in  the  Ukraine,  but  upon 
a  great  many  other  plants. 

Good  kermes  is  plump,  of  a  deep  red  color,  of  an  agreeable  smell,  and  a  rough  and 
pungent  taste.  Its  coloring  matter  is  soluble  in  water  and  alcohol ;  it  becomes  yellowish 
or  brownish  with  acids,  and  violet  or  crimson  with  alkalis.  Sulphate  of  iron  blackens  it. 
With  alum  it  dyes  a  blood-red  ;  with  copperas  an  agate  gray  ;  with  copperas  and  tartar, 
a  lively  gray;  with  sulphate  of  copper  and  tartar,  an  olive  green;  with  tartar  and  salt 
of  tin,  a  lively  cinnamon  yellow ;  with  more  alum  and  tartar,  a  lilach ;  with  sulphate  of 
zinc  and  tartar,  a  violet.  Scarlet  and  crimson  dyed  with  kermes,  were  called  grain  colors  ; 
and  they  are  reckoned  to  be  more  durable  than  those  of  cochineal,  as  is  proved  by  the  bril- 
liancy of  the  old  Brussels  tapestrj'. 

Hellot  says  that  previous  to  dyeing  m  the  kermes  bath,  he  threw  a  handful  of  wool  into 
it,  in  order  to  extract  a  blackish  matter,  which  would  have  tarnished  the  color.  The  red 
caps  for  the  Levant  are  dyed  at  Orleans  with  equal  parts  of  kermes  and  madder ;  and  oc- 
casionally with  the  addition  of  some  Brazil  wood. 

Cochineal  and  lac-dye  have  now  nearly  supeiseded  the  use  of  kermes  as  a  tinctorial 
substance,  in  England. 

KILLAS  is  the  name  by  which  clay-slate  is  known  among  the  Cornish  miners. 

KILN  (Four,  Fr. ;  Ofen,  Germ.)  is  the  name  given  to  various  forms  of  furnaces 
and  stoves,  by  which  an  attempered  heat  may  be  applied  to  bodies ;  thus  there  are  brick- 
kilns, hop-kilns,  lime-kilns,  malt-kins,  and  pottery-kilns.  Hop  and  malt-kilns,  being 
designed  merely  to  expel  the  moisture  of  the  vegetable  matter,  may  be  constructed  in 
the  same  way.  See  Brick,  Limestone,  Malt,  and  Pottery,  for  a  description  of  their 
respective  kilns. 

KINIC  ACID ;  a  peculiar  acid  extracted  by  Vauquelin  from  cinchona. 

KINO  is  an  extractive  matter  obtained  from  the  nauclea  gainbir,  a  shrub  which 
grows  at  Bancoul  and  Sumatra,  but  principally  in  Prince  of  Wales'  island.  It  is  of  a 
reddish-brown  color,  has  a  bitter  styptic  taste,  and  consists  chiefly  of  tannin.  It  is 
used  ouly  as  an  astringent  in  medicine.  Kino  is  often  called  a  gum,  but  most  im- 
properly. 

KIRSCHWASSER  is  an  alcoholic  liquor  obtained  by  fermenting  and  distilling  bruised 
cherries,  called  kirschen  in  German.  The  cherry  usually  employed  in  Switzerland  and 
Germany  is  a  kind  of  morello,  which  on  maturation  becomes  black,  and  has  a  kernel 
very  large  in  proportion  to  its  pulp.  When  ripe,  the  fruit  being  made  to  fall  by  switching 
the  trees,  is  gathered  by  children,  thrown  promiscuously,  unripe,  ripe,  and  rotten  into 
tubs,  and  crushed  either  by  hand,  or  with  a  wooden  beater.  The  mashed  materials  are 
set  to  ferment,  and  whenever  this  process  is  complete,  the  whole  is  transferred  to  an  old 
still  covered  with  verdigris,  and  the  spirit  is  run  off  in  the  rudest  manner  possible,  by 
placing  the  pot  over  the  common  fire-place. 

The  fermented  mash  is  usually  mouldy  before  it  is  put  into  the  alembic,  the  capital 
of  which  is  luted  on  with  a  mixture  of  mud  and  dung.  The  liquor  has  accordingly, 
for  the  most  part,  a  rank  smell,  and  is  most  dangerous  to  health,  not  only  from  its  own 
crude  essential  oU,  but  from  the  prussic  acid,  derived  from  the  distillation  of  the  cherry 
stones. 

There  is  a  superior  kind  oi  kirschwasser  made  in  the  Black  Forest,  prepared  with  fewer 
kernels,  from  choice  fruit,  properly  pressed,  fermented,  and  distQled. 

KNOPPERN  are  excrescences  produced  by  the  puncture  of  an  insect  upon  the 
flower-cups  of  several  species  of  oak.  They  are  compressed  or  flat,  irregularly  pointed, 
generally  prickly  and  hard ;  brown  when  ripe.  They  abound  in  StjTia,  Croatia,  Sclavonia, 
and  Natolia ;  those  from  the  latter  country  being  the  best.  They  contain  a  great  deal 
of  tannin,  are  much  employed  in  Austria  for  tanning,  and  in  Germany  for  dyeing  fawn, 
gray,  and  black.  Wool,  with  a  mordant  of  sulphate  of  zinc,  takes  a  grayish  nankeen 
color.     See  Galls. 

KOUMISS  is  the  name  of  a  liquor  which  the  Calmucs  make  by  fermenting  mare's 
milk,  and  from  which  they  distil  a  favorite  intoxicating  spirit,  called  rack  or  racky. 
Cow's  milk  is  said  to  produce  only  one  third  as  much  spirit,  from  its  containing  probably 
less  saccharine  matter. 

The  milk  is  kept  in^  bottles  made  of  hides,  till  it  becomes  sour,  is  shaken  till  it  casts 
up  its  cream,  and  is  tlien  set  aside  in  earthen  vessels  in  a  warm  place  to  ferment,  no 
yeast  bcin?  required,  though  sometimes  a  little  old  koumiss  is  added.  21  pounds  of  milk 
put  into  the  still  afford  14  ounces  of  low  wines,  from  which  6  ounces  of  pretty  stronj; 
alcohol,  of  an  unpleasant  flavor,  are  obtained  by  rectification. 
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LABDANUM,  or  Ladanum,  is  an  unctuous  resin,  of  an  agreeable  odor,  found  be- 
smearing the  leaves  and  twigs  of  the  cystus  creticus,  a  plant  which  grows  in  the  island 
of  Candia,  and  in  Syria.  It  is  natiuraUy  a  dark-brown  soft  substance,  but  it  hardens  on 
keeping.  Its  specific  gravity  is  1'186.  It  has  a  bitter  taste.  Its  chief  use  is  in  surgery 
for  making  plasters. 

LABRADORITE,  opaline,  or  Labradore  feldspar,  is  a  beautiful  mineral,  with  brilliant 
changing  colors,  blue,  red,  and  green,  &c.  Spec.  grav.  2*70  to  2-75.  Scratches  glass  ; 
affords  no  water  by  calcination  ;  fusible  at  the  blowpipe  into  a  frothy  bead ;  soluble  in 
muriatic  acid  ;  solution  affords  a  copious  precipitate  with  oxalate  of  ammonia.  Cleav- 
ages of  93^°  and  865° ;  one  of  which  is  brilliant  and  pearly.  Its  constituents  are  silica, 
55-75;  alumina,  26-5;  lime,  11 ;  soda,  4;  oxyde  of  iron,  1'25;  water,  0-5. 

LABYRINTH,  in  metallurgy,  means  a  series  of  canals  distributed  in  the  sequel  of 
a  stamping-mill;  through  which  canals  a  stream  of  water  is  transmitted  for  suspend- 
ing, carrying  off,  and  depositing,  at  different  distances,  the  ground  ores.     See  Mktal- 

LURGY. 

LAC,  LAC-DYE  (Laque,  Fr. ;  Lack,  Lackfarben,  Germ.).  Stick-lac  is  produced  by 
the  puncture  of  a  peculiar  fismale  insect,  called  coccus  lacca  or  ficus,  upon  the  branches 
of  several  plants ;  as  the  Jicus  religiosa,  the  Jicus  indica,  the  rhamnus  jujuba,  the  croton 
lacciferum,  and  the  butea  frondosa,  which  grow  in  Siam,  Assam,  Pegu,  Bengal,  and  Mal- 
abar. The  twig  becomes  thereby  incrusted  with  a  reddish  mammelated  resin,  having  a 
crystalline-looking  fracture. 

The  female  lac  insect  is  of  the  size  of  a  louse ;  red,  round,  flat,  with  12  abdcuninal 
circles,  a  bifurcated  tail,  antennae,  and  6  claws,  half  the  length  of  the  body.  The  male  is 
twice  the  above  size,  and  has  4  wings ;  there  is  one  of  them  to  5000  females.  In  Novem- 
ber or  December  the  young  brood  makes  its  escape  from  the  eggs,  lying  beneath  the  dead 
body  of  the  mother ;  they  crawl  about  a  little  way,  and  fasten  themselves  to  the  bark  of 
the  shrubs.  About  this  period  the  branches  often  swarm  to  such  a  degree  with  this  ver- 
min, that  they  seem  covered  with  a  red  dust ;  in  this  case,  they  are  apt  to  dry  up, 
by  being  exhausted  of  their  juices.  Many  of  these  insects,  however,  become  the 
prey  of  others,  or  are  carried  off  by  the  feet  of  birds,  to  which  they  attach  themselves, 
and  are  transplanted  to  other  trees.  They  soon  pi-oduce  smaU  nipple-like  incrusta- 
tions upon  the  twigs,  their  bodies  being  apparently  glued,  by  means  of  a  transparent 
liquor,  which  goes  on  increasing  to  the  end  of  March,  so  as  to  form  a  cellular  texture. 
At  this  time,  the  animal  resembles  a  small  oval  bag,  without  life,  of  the  size  of  cochineal. 
At  the  commencement,  a  beautiful  red  liquor  only  is  perceived,  afterwards  eggs  majie 
their  appearance  ;  and  in  October  or  November,  when  the  red  liquor  gets  exhausted,  20 
or  30  young  ones  bore  a  hole  through  the  back  of  their  mother,  and  come  forth.  The 
empty  cells  remain  upon  the  branches.  These  are  composed  of  the  milky  juice  of  the 
plant,  which  serves  as  nourishment  to  the  insects,  and  which  is  afterwards  transformed 
or  elaborated  into  the  red  coloring  matter  that  is  found  mixed  with  the  resin,  but  in 
greater  quantity  in  the  bodies  of  the  insects,  in  their  eggs,  and  still  more  copiously  in  the 
red  liquor  secreted  for  feeding  the  young.  After  the  brood  escapes,  the  cells  contain 
much  less  coloring  matter.  On  this  account,  the  branches  should  be  broken  off  before 
this  happens,  and  dried  in  the  sun.  In  the  East  Indies  this  operation  is  performed  twice 
in  the  year;  the  first  time  in  March,  the  second  in  October.  The  twigs  incrusted  with 
the  radiated  cellular  substance  constitute  the  stick-lac  of  commerce.  It  is  of  a  red 
color,  more  or  less  deep,  nearly  transparent,  and  hard,  with  a  brilliant  conchoidal  fracture. 
The  stick-lac  of  Siam  is  the  best ;  a  piece  of  it  presented  to  me  by  Mr.  Rennie,  of  Fen- 
church-street,  having  an  incrustation  fully  one  quarter  of  an  inch  thick  all  round  the 
twig.  The  stick-lac  of  Assam  ranks  next ;  and  last,  that  of  Bengal,  in  which  the  resinous 
coat  is  scanty,  thin,  and  irregular.  According  to  the  analysis  of  Dr.  John,  stick-lac 
consists,  in  120  parts,  of — 

An  odorous  common  resin     -            -            -            -            -            -  80*00 

A  resin  insoluble  in  ether     -...--  20*00 

Coloring  matter  analogous  to  that  of  cochineal          ...  4-50 

Bitter  balsamic  matter           -.--.-  S^OO 

Dun  yellow  extract  -..-.--  0*50 

Acid  of  the  stick-lac  (laccic  acid)     -            ...            -  0*75 

Fatty  matter,  like  wax          -            -            -            -            -            -  3*00 

Skin  of  the  insects  and  coloring  matter         .            -            -            .  2*50 
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Salts 1-25 

Earths  -....-..  0-75 

Loss  .......  4-75 


120-00 


According  to  Franke,  the  constituents  of  stick-lac  axe,  resin,  65-7  ;  substance  of  the 
lac,  28-3  ;  coloring  matter,  0-6. 

Sccd-lac. — When  the  resinous  concretion  is  taken  off  the  twigs,  coarsely  pounded,  and 
triturated  with  water  in  a  mortar,  the  greater  part  of  the  coloring  matter  is  dissolved,  and 
the  granular  portion  -which  remains,  being  dried  in  the  sun,  constitutes  seed-lac.  It  con- 
tains of  course  less  coloring  matter  than  the  stick-lac,  and  is  much  less  soluble.  John 
found  in  100  parts  of  it,  resin,  66-7;  wax,  1-7;  matter  of  the  lac,  16'7;  bitter  balsamic 
matter,  2-5;  coloring  matter,  3-9;  dun  yellow  extract,  0*4 ;  envelopes  of  insects,  2*1; 
laccic  acid,  0-0;  salts  of  potash  and  lime,  1-0;  earths,  6-6;  loss,  4-2. 

In  India  the  seed-lac  is  put  into  oblong  bags  of  cotton  cloth,  which  are  held  over  a 
charcoal  fire  by  a  man  at  each  end,  and,  as  soon  as  it  begins  to  melt,  the  bag  is  twisted 
so  as  to  strain  the  liquefied  resin  through  its  substance,  and  to  make  it  drop  upon  smooth 
stems  of  the  banyan  tree  {musa  ■paradisa).  In  this  waj',  the  resin  spreads  into  thin 
plates,  and  constitutes  the  substance  known  in  commerce  by  the  name  of  shellac. 

The  Pegu  stick-lac,  being  very  dark-colored,  furnishes  a  shellac  of  a  corresponding 
deep  hue,  and  therefore  of  inferior  value.  The  palest  and  finest  shellac  is  brought  from 
the  northern  Circar.  It  contains  verj'  little  coloring  matter.  A  stick-lac  of  an  interme- 
diate kind  comes  from  the  Mysore  country,  which  yields  a  brilliant  lac-dye  and  a  good 
shellac. 

Lac-dye  is  the  watery  infusion  of  the  ground  stick-lac,  evaporated  to  dryness,  and 
formed  into  cakes  about  two  inches  square  and  half  an  inch  thick.  Dr.  John  found  it 
to  consist  of  coloring  matter,  50;  resin,  25;  and  solid  matter,  composed  of  alumina, 
plaster,  chalk,  and  sand,  22. 

Dr.  ^lacleod,  of  Madras,  informs  me  that  he  prepared  a  very  superior  lac  dye  from 
stick-lack,  by  digesting  it  in  the  cold  in  a  slightly  alkaline  decoction  of  the  dried  leaves 
of  the  Mcmecylon  tiuctorium  (perhaps  the  M.  capitellalum,  from  which  the  natives  of 
Malabar  and  Ceylon  obtain  a  sattron-yellow  dye).  This  solution  being  used  along  with 
a  mordant,  consisting  of  a  saturated  solution  of  tin  in  muriatic  acid,  was  found  to  dye 
woollen  cloth  of  a  very  brilliant  scarlet  hue. 

The  cakes  of  lac-dye  imported  from  India,  stamped  with  peculiar  marks  to  designate 
their  different  manufacturers,  are  now  employed  exclusively  in  England  for  dyeing 
scarlet  cloth,  and  are  found  to  yield  an  equally  brilliant  color,  and  one  less  easily 
affected  by  perspiration  than  that  produced  by  cochineal.  When  the  lacdye  was  first 
introduced,  sulphuric  acid  was  the  solvent  applied  to  the  pulverized  cakes,  but  as  mu- 
riatic acid  has  been  found  to  answer  so  much  better,  it  has  entirely  supplanted  it.  A 
good  solvent  (No.  1)  for  this  dye-stuff  may  be  prepared  by  dissolving  three  pounds  of  tin 
m  60  pounds  of  muriatic  acid,  of  specific  gravity  1-19.  The  proper  mordant  for  the 
cloth  is  made  by  mixing  27  pounds  of  muriatic  acid  of  sp.  grav.  1-17,  with  1^  pounds 
of  nitric  acid  of  1*19  ;  putting  this  mLxture  into  a  salt-glazed  stone-bottle,  and  adding 
to  it,  in  small  bits  at  a  time,  grain  tin,  till  4  pounds  be  dissolved.  This  solution  (No.  2) 
may  be  used  within  twelve  hours  after  it  is  made,  provided  it  has  become  cold  and  clear. 
For  dyeing,  three  quarters  of  a  pint  of  the  solvent  No.  1  is  to  be  poured  upon  each 
pound  of  the  pulverized  lac-dye,  and  allowed  to  digest  upon  it  for  six  hours.  The  cloth, 
before  being  subjected  to  the  dye  bath,  must  be  scoured  in  the  mill  with  fullers'  earth. 
To  dye  100  pounds  of  pelisse  cloth,  a  tin  boiler  of  300  gallons  capacity  should  be  filled 
nearly  brimful  with  water,  and  a  fire  kindled  under  it.  Whenever  the  temperature 
rises  to  150°  Fahr.,  a  handful  of  bran  and  half  a  pint  of  the  solution  of  tin  (No.  2) 
are  to  be  introduced.  The  froth,  which  rises  as  it  approaches  ebullition,  must  be 
skimmed  off;  and  when  the  liquor  boils,  lOf  pounds  of  lack-dye,  previously  mixed  with  7 
pints  of  the  solvent  No.  1,  and  3|  pounds  of  solution  of  tin  No.  2,  must  be  poured  in. 
An  instant  afterAvards,  10^  pounds  of  tartar,  and  4  pounds  of  ground  sumach,  both  tied  up 
in  a  linen  bag,  are  to  be  suspended  in  the  boiling  bath  for  five  minutes.  The  fire  being 
now  withdrawn,  20  gallons  of  cold  water,  with  10|  pints  of  solution  of  tin,  being  poured 
into  the  bath,  the  cloth  is  to  be  immersed  in  it,  moved  about  rapidly  during  ten  minutes; 
the  fire  is  to  be  then  rekindled,  and  the  cloth  winced  more  slowly  through  the  bath, 
which  must  be  made  to  boil  as  quickly  as  possible,  and  maintained  at  that  pilch  for  an 
hour.  The  cloth  is  to  be  next  washed  in  the  river ;  and  lastly,  with  water  only,  in  the 
fullin?  mill.  The  above  proportions  of  the  ineredients  produce  a  brilliant  scarlet 
tint,  with  a  slightly  purple  cast.  If  a  more  oranse  hue  be  wanted,  white  Florence  argal 
may  be  used,  instead  of  tartar,  and  some  more  sumach.  Lac-dye  may  be  substituted  for 
cochineal  in  the  orange-scarlets ;   but  for  the  more  delicate  pink  shades,  it  does  not 
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answer  so  well,  as  the  lustre  is  apt  to  be  impaired  by  the  large  quantity  of  acid  necessary 
to  dissolve  the  coloring  matter  of  the  lac. 

Shellac,  by  Mr.  Hatchett's  analysis,  consists  of  resin,  90-5;  coloring  matter,  0*5 ; 
wax,  4*0  ;  gluten,  2-8  ;  loss,  V8  ;  in  100  parts. 

The  resin  may  be  obtained  pure  by  treating  shellac  with  cold  alcohol,  and  filtering 
the  solution  in  order  to  separate  a  yellow  gray  pulverulent  matter.  When  the  alcohol 
is  again  distilled  off,  a  brown,  translucent,  hard,  and  brittle  resin,  of  specific  gravity 
1'139,  remains.  It  melts  into  a  viscid  mass  with  heat,  and  difl"uses  an  aromatic  odor. 
Anhydrous  alcohol  dissolves  it  in  all  proportions.  According  to  John,  it  consists  of  two 
resins,  one  of  which  dissolves  readily  in  alcohol,  ether,  the  volatile  and  fat  oils ;  while 
the  other  is  little  soluble  in  cold  alcohol,  and  is  insoluble  in  ether  and  the  volatile  oils. 
Unverdorben,  however,  has  detected  no  less  than  four  different  resins,  and  some  other 
substances,  in  shellac.  Shellac  dissolves  with  ease  in  dilute  muriatic  and  acetic  acids ; 
but  not  in  concentrated  sulphuric  acid.  The  resin  of  shellac  has  a  great  tendency 
to  combine  with  salifiable  bases  ;  as  with  caustic  potash,  which  it  deprives  of  its  alkaline 
taste. 

This  solution,  which  is  of  a  dark  red  color,  dries  into  a  brilliant,  transparent,  reddish 
brown  mass  ;  which  may  be  re-dissolved  in  both  water  and  alcohol.  By  passing  chlorine 
in  excess  through  the  dark-colored  alkaline  solution,  the  lac-resin  is  precipitated  in  a 
colorless  state.  When  this  precipitate  is  washed  and  dried,  it  forms,  with  alcohol,  an 
excellent  pale-yellow  varnish,  especially  with  the  addition  of  a  little  turpentine  and  mastic. 

With  the  aid  of  heat,  shellac  dissolves  readily  in  a  solution  of  borax. 

The  substances  which  Unverdorben  found  in  shellac  are  the  following : 

1.  A  resin,  soluble  in  alcohol  and  ether ; 

2.  A  resin,  soluble  in  alcohol,  insoluble  in  ether ; 

3.  A  resinous  body,  little  soluble  in  cold  alcohol ; 

4.  A  crystallizable  resin ; 

5.  A  resin,  soluble  in  alcohol  and  ether,  but  insoluble  in  petroleum,  and  uncrvs- 
tallizable. 

6.  The  nnsaponified  fat  of  the  coccus  insect,  as  well  as  oleic  and  margaric  acids. 

7.  Wax. 

8.  The  laccine  of  Dr.  John. 

9.  An  extractive  coloring  matter. 


Statistical  Table  of  Lac-Dye  and  Lac-Lake,  per  favor  of  James  Wilkinson,  Esq. 

of  Leadenhall  street. 


Import. 

Export. 

Home 
Consumption. 

Prices. 

Stocks. 

lbs. 

lbs. 

lbs. 

1802 

253 

none 

1803 

1,735 

none 

account  burned 

1804 

531 

_ 

1805 

1,987 

1806 

none 

1807 

25,350 

■"  - 

1808 

5,731 

1809 

40,632 

1810 

235,154 

1811 

378,325 

1812 

198,250 

1813 

289,654 

1814 

278,899 

5,071 

133,935 

1815 

598,592 

8,441 

137,915 

1816 

269,373 

27,412 

162,894 

1817 

384,909 

23,091 

234,763 

1818 

242,572 

32,079 

323,169 

1819 

179,511 

21,707 

20  ,063 

■  1820 

441,486 

49,519 

9  2,514 

1  1821 

641,755 

91,925 

322,83; 

1822 

872,967 

29,578 

349,351 

1823 

534,220 

13,050 

414,714 

!  1824 

604,269 

53,843 

483,339 

1  1825 

541,443 

61,908 

385,734 

1  1826 

760,729 

68.603 

395,609 
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Statistical  Table  of  Lac-Dye  and  Lac-Lake. — continued. 


Import. 

Export. 

Home 

Prices. 

Stocks. 

Consumption. 

lbs. 

lbs. 

lbs. 

s.    d. 

s. 

a. 

Chests. 

1827 

756,315 

76,875 

448,270 

1     9 

4 

0 

11,538 

1828 

512,874 

54,999 

397,867 

1     3 

3 

9 

11,085 

1829 

475,632 

39,344 

433,851 

1     3 

3 

6 

11,976 

1830 

534,341 

78,099 

548,865 

0     9 

3 

3 

11,834 

1831 

913,562 

175,717 

597,568 

0     4 

2 

6 

12,559 

1832 

378,843 

69,842 

594,155 

0     4 

2 

3 

11,420 

1833 

326,894 

66,447 

426,460 

0     9 

2 

4 

11,457 

1834 

708,959 

89,229 

398.832 

0  11 

2 

4 

11,928 

1835 

528,564 

203,840 

573,288 

0  11 

3 

0 

10,454 

1836 

642,436 

200,975 

642,615 

1     0 

4 

0 

9,492 

1837 

1,011,674 

133,959 

427,890 

1     0 

3 

9 

8,780 

The  stock  includes  2,200  chests  of  Lac-lake 

LACCIC  ACID  ci7stallizes,  has  a  wine-yellow  color,  a  sour  taste,  is  soluble  in  water, 
alcohol,  and  ether.     It  was  extracted  from  sticklac  by  Dr.  John. 

LACCINE  is  the  portion  of  shellac  which  is  insohible  in  boiling  alcohol.  It  is  brown, 
brittle,  Iranslucid,  consisting  of  agglomerated  pellicles,  more  like  a  resin  than  any  thing 
else.     It  is  insoluble  in  ether  and  oils.     It  has  not  been  applied  to  any  use. 

LACE  MANUFACTURE.  The  pillow-made,  or  bone-lace,  which  formerly  gave 
occupation  to  multitudes  of  women  in  their  own  houses,  has,  in  the  progress  of  me- 
chanical invention,  been  nearly  superseded  by  the  bobbin-net  lace,  manufactured  at  first 
by  hand-machines,  as  stockings  are  knit  upon  frames,  but  recently  by  the  power  of 
water  or  steam.  This  elegant  texture  possesses  all  the  strength  and  regularity  of  the 
old  Buckinsham  lace,  and  is  far  superior  in  these  respects  to  the  point-net  and  Avarp  lace, 
which  had  preceded,  and  in  some  measure  paved  the  way  for  it.  Bobbin-net  may  be 
said  to  surpass  every  other  branch  of  human  industry  in  the  complex  ingenuity  of  its 
machinery;  one  of  Fisher's  spotting  frames  being  as  much  beyond  the  most  curious 
chronometer,  in  multiplicity  of  mechanical  device,  as  that  is  beyond  a  common  roasting- 
jack. 

The  threads  in  bobbin-net  lace  form,  by  their  intertwisting  and  deccussation,  regular 
hexagonal  holes  or  meshes,  of  which  the  two  opposite  sides,  the  upper  and  under,  are 
directed   along  the  breadth  of  the  piece,  or  at  right  angles  to  the  selvage  or   border. 

Fig.  608  shows  how,  by  the  crossing  and 
twisting  of  the  threads,  the  regular  six- 
sided  mesh  is  produced,  and  that  the  tex- 
ture results  from  the  union  of  three  sepa- 
rate sets  of  threads,  of  which  one  set  pro- 
ceeds downwards  in  serpentine  lines,  a 
second  set  proceeds  from  the  left  to  the 
Hi         ^it-^C         "3fe^>i;        "rfe^iC         III        ri2-ht,  and    a  third    from    the   right   to  the 

left,  both  in  slanting  directions.  These 
oblique  threads  twist  themselves  round  the 
vertical  ones,  and  also  cross  each  other  be- 
twixt them,  in  a  peculiar  manner,  which 
may  be  readily  understood  by  examining 
the  representation.  In  comparing  bobbin- 
net  with  a  common  web,  the  perpendicular 
threads  in  the  figure,  which  are  parallel  to 
the  border,  may  be  regarded  as  the  warp, 
and  the  two  sets  of  slanting  threads,  as  the 
weft. 

These  warp  threads  are  extended  up  and  down,  in  the  original  mounting  of  the  piece, 
between  a  top  and  bottom  horizontal  roller  or  beam,  of  which  one  is  called  the  warp 
beam,  and  the  other  the  lace  beam,  because  the  warp  and  finished  lace  are  wound  upon 
Ihem  respectively.  These  straight  warp  threads  receive  their  contortion  from  the  tension 
of  the  weft  threads  twisted  obliquely  round  them  alternately  to  the  right  and  the  left 
hand.  Were  the  warp  threads  so  tightly  drawn  that  they  became  inflexible,  like 
fiddle-strinss,  then  the  lace  would  assume  the  appearance  shown  in  Jig  609;  and 
althousrh  this  condition  does  not  really  exist,  it  may  serve  to  illustrate  the  structure  of 
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the  web.  The  warp  threads  stand  in  the  positions  a  a,  a'  a',  and  a"  a' ;  the  one  half 
of  the  weft  proceeds  in  the  direction  b  b,  b'  b',  and  b"  b" ;  and  the  second  crosses  the 
609  first    by  running  in  the  direction  c  c,  oi 

c'  c',  towards  the  opposite  side  of  the  fab- 
ric. If  we  pursue  the  path  of  a  wefi 
thread,  we  iind  it  goes  on  till  it  reaches 
the  outermost  or  last  warp  thread,  which  it 
twists  about ;  not  once,  as  with  the  others, 
but  twice ;  and  then  returning  towards  the 
other  border,  proceeds  in  a  reverse  direc- 
tion. It  is  by  this  double  twist,  and  by  the 
return  of  the  weft  tlireads,  that  the  selvage 
is  made. 

The  ordinary  material  of  bobbin-net  is 
two  cotton  yarns,  of  from  No.  180  to  No. 
250,  twisted  into  one  thread ;  but  some- 
times strongly  twisted  single  yarn  has  been 
used.  The  beauty  of  the  fabric  depends 
upon  the  quality  of  the  material,  as  well  as 
the  regularity  and  smallness  of  the  meshes. 
The  number  of  warp  threads  in  a  yard  in 
breadth  is  from  600  to  900 ;  which  is  equivalent  to  from  20  to  30  in  an  inch.  The  size 
of  the  holes  cannot  be  exactly  inferred  from  that  circumstance,  as  it  depends  partly  upon 
the  oblique  traction  of  the  threads.  The  breadth  of  the  pieces  of  bobbin-net  varies 
from  edgings  of  a  quarter  of  an  inch,  to  webs  12,  or  even  20  quarters,  that  is,  5  yards 
wide. 

Bobbin-net  lace  is  manufactured  by  means  of  very  costly  and  complicatea  machines, 
called  frames.  The  limits  of  this  Dictionary  will  admit  of  an  explanation  of  no  more 
than  the  general  principles  of  the  manufacture.  The  threads  for  crossing  and  twisting 
round  the  warp,  being  previously  gassed,  that  is,  freed  from  loose  fibres  by  singeing  with 
gas,  are  wound  round  small  pulleys,  called  bobbins,  which  are,  with  this  view,  deeply 
grooved  in  their  periphery.  Figs.  610, 611  exhibit  the  bobbin  alone,  and  with  its  carriage. 
611 
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In  the  section  of  the  bobbin  a,  fig.  610,  the  deep  groove  is  shown  in  which  the  thread  is 
wound.  The  bobbin  consists  of  two  thin  discs  of  brass,  cut  out  in  a  stamp-press,  in  the 
middle  of  each  of  which  there  is  a  hollow  space  c.  These  discs  are  riveted  together,  leaving 
an  interval  between  their  edge  all  round,  in  which  the  thread  is  coiled.  The  round  hole 
in  the  centre,  with  the  little  notch  at  top,  serves  for  spitting  them  upon  a  feathered  rod, 
in  order  to  be  filled  with  thread  by  the  rotation  of  that  rod  in  a  species  of  reel,  called 
the  bobbin-filling  machine.  Each  of  these  bobbins  (about  double  the  size  of  the 
figure),  is  inserted  into  the  vacant  space  g,  of  the  carriage,  fig.  611.  This  is  a  small 
iron  frame  (also  double  the  size  of  the  figure),  which,  at  e  e,  embraces  the  grooved 
border  of  the  bobbin,  and  by  the  pressure  of  the  spring  at  /,  prevents  it  from  falling  out. 
This  spring  serves  likewise  to  apply  sufficient  friction  to  the  bobbin,  so  as  to  prevent  it 
from  giving  off  its  thread  at  g  by  its  rotation,  unless  a  certain  small  force  of  traction  be 
employed  upon  the  thread.  The  curvilinear  groove  h  h,  sunk  in  each  face  or  side  of 
the  carriage,  has  the  depth  shown  in  the  section  at  h.  This  groove  corresponds  to  the 
interval  between  the  teeth  of  the  comb,  or  bars  of  the  bolt,  in  which  each  carriage  is 
placed,  and  has  its  movement.  A  portion  of  that  bolt  or  comb  is  shown  at  a,  fig.  612, 
in  plan,  and  one  bar  of  a  circular  bolt  machine  at  b,  in  section.  If  we  suppose  two 
such  combs  or  bolts  placed  with  the  ends  of  the  teeth  opposite  each  other,  but  a  little 
apart,  to  let  the  warp  threads  be  stretched,  in  one  vertical  plane,  between  their  ends  or 
tips,  we  shall  have  an  idea  of  the  skeleton  of  a  bobbin-net  machine.      One  of  these  two 
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combs,  in  the  double  bolt  machine,  has  an  occasional  lateral  movement  called  ihogging, 
equal  to  the  interval  of  one  tooth  or  bolt,  by  which,  after  it  has  received  the  bobbins, 

with  their  carriages,  into  its  teeth,  it 
can  shift  that  interval  to  the  one 
side,  and  thereby  get  into  a  position 
to  return  the  bobbins,  with  their 
carriages,  into  the  next  series  of  in- 
terstices or  gates,  in  the  other  bolt. 
By  this  means  the  whole  series  of 
carriages  receives  successive  side 
steps  to  the  right  in  one  bolt,  and  to 
jthe  left  in  the  other,  so  as  to  per- 
form a  species  of  countermarch,  in 
the  course  of  which  they  are  made 
to  cross  and  twist  round  about  the 
vertical  warp  threads,  and  thus  to 
form  the  meshes  of  the  net. 

The  number  of  movements  re- 
quired to  form  a  row  of  meshes  in 
the  double  tier  machine,  that  is,  in  a 
frame  with  two  combs  or  bars,  and 
2  rows  of  bobbins,  is  six  ;  that  is, 
the  whole  of  the  carriages  (with  their  bobbins)  pass  from  one  bar  or  comb  to  the  other 
six  times,  during  which  passages  the  different  divisions  of  bobbin  and  warp  threads 
change  their  relative  positions  12  times. 

This  interchange  or  traversing  of  the  carriages  with  their  bobbins,  which  is  the  mc«t 
difficult  thing  to  explain,  but  at  the  same  time  the  most  essential  principle  of  the  lace- 
machine,  may  be  tolerably  well  understood  by  a  careful  study  of  fig.  613,  in  which  the 
123456789 
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simple  line  |  represents  the  bolts  or  teeth,  the  sign  f  the  back  line  of  carriages,  and  the 
sign  (p  the  front  line  of  carriages.  h  is  the  front  comb  or  bolt  bar,  and  i  the  back  bolt 
bar.  The  former  remains  always  fixed  or  stationary,  to  receive  the  carriages  as  they  may 
be  presented  to  it  by  the  shogging  of  the  latter.  There  must  be  always  one  odd  carriage 
at  the  end  ;  the  rest  being  in  pairs. 

No.  1  represents  the  carriages  in  the  front  comb  or  bar,  the  odd  carriage  being  at  the 
left  end.  The  back  line  of  carriages  is  first  moved  on  to  the  back*bar  r,  the  odd 
carriage,  as  seen  in  No.  1,  having  been  left  behind,  there  being  no  carriage  opposite  to 
drive  it  over  to  the  other  comb  or  bar.  The  carriages  then  stand  as  in  No.  2.  The  bar 
I  now  shifts  to  the  left,  as  shown  in  No.  3 ;  the  front  carriages  then  go  over  into  the 
back  bar  or  comb,  as  is  represented  by  No.  4.  The  bar  i  now  shifts  to  the  right,  and 
gives  the  position  No.  5.  The  front  caniages  are  then  driven  over  to  the  front  bar,  and 
leave  the  odd  carriage  on  the  back  bar  at  the  right  end,  for  the  same  reason  as  before 
described,  and  the  carriages  stand  as  shown  in  No.  6.  The  bar  i  next  shifts  to  the  left, 
and  the  carriages  stand  as  in  No.  7  (the  odd  carriage  being  thereby  on  the  back  bar  to 
the  left.)  The  back  carriages  now  come  over  to  the  front  bar,  and  stand  as  in  No.  8. 
The  back  bar  or  comb  i  shifts  to  the  right  as  seen  in  No.  9,  which  completes  the  traverse. 
The  whole  carriages  with  their  bobbins  have  now  changed  their  position,  as  will  be  seen 
by  comparing  No.  9  with  No.  1.  The  odd  carriage,  No.  1  *  has  advanced  one  step  to 
the  right,  and  has  become  one  of  the  front  tier ;  one  of  the  back  tier  or  line  ip  has 
advanced  one  step  to  the  left,  and  has  become  the  odd  carriage ;  and  one  of  the  front 
ones  't>  has  gone  over  to  the  back  line.  The  bobbins  and  carriages  throughout  the  whole 
width  of  the  machine  have  thus  crossed  each  other's  course,  and  completed  the  mesh  of 
net. 

The  carriages  with  their  bobbins  are  driven  a  certain  way  from  the  one  comb  to  the 
other,  by  the  pressure  of  two  long  bars  (one  for  each)  placed  above  the  level  of  the  comb, 
until  they  come  into  such  a  position  that  their  projecting  heels  or  catches  i  i,fig.  611,  are 
moved  off  by  two  other  long  flat  bars  below,  called  the  locker  plates,  and  thereby  carried 
completely  over  the  interval  between  the  two  combs. 

There  are   six  different   systems   of  bobbin-net  machines.      1.  Heathcoate's   patent 
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machine.  2.  Brown's  traverse  warp.  3.  Morley's  straight  bolt.  4.  Clarke's  pusher 
principle,  single  tier.  5.  Leaver's  machine,  single  tier.  6.  Morley's  circular  bolt.  All 
the  others  are  mere  variations  in  the  construction  of  some  of  their  parts.  It  is  a  remark- 
able fact,  highly  honorable  to  the  mechanical  judgment  of  Mr.  Morley  of  Derby,  that  no 
machines  except  those  upon  his  circular  bolt  principle,  have  been  found  capable  of  work- 
ing successfully  by  mechanical  power. 

The  circular  bolt  machine  (comb  with  curved  teeth)  was  used  by  Mr.  Morley,  for 
making  narrow  breadths  or  edgings  of  lace  immediately  after  its  first  invention,  and  it 
has  been  regularly  used  by  the  trade  for  that  purpose  ever  since,  in  consequence  of  the 
inventor  having  declined  to  secure  the  monopoly  of  it  to  himself  by  patent.  At  that  time 
the  locker  bars  for  driving  across  the  carriages  had  only  one  plate  or  blade.  A  machine 
so  mounted  is  now  called  "  the  single  locker  circular  bolt."  In  the  year  1824,  Mr. 
Morley  added  another  plate  to  each  of  the  locker  bars,  which  was  a  great  improvement 
on  the  machines  for  making  plain  net,  but  an  obstruction  to  the  making  of  narrow 
breadths  upon  them.  This  machine  is  now  distinguished  from  the  former  by  the  term 
"  double  locker."* 

A  rack  of  lace,  is  a  certain  length  of  work  counted  perpendicularly,  and  contains  240 
meshes  or  holes.  Well-made  lace  has  the  meshes  a  little  elongated  in  the  direction  of 
the  selvage. 

The  term  gauge,  in  the  lace  manufacture,  means  the  number  of  gates,  slits,  or  in- 
terstices, in  one  inch  of  the  boll-bar  or  comb  ;  and  corresponds  therefore  to  the  number 
of  bobbins  in  an  inch  length  of  the  double  tier.  Thus,  when  we  say  "  gauge  nine 
points,"  we  mean  that  there  are  nine  gates  with  nine  bobbins  in  one  inch  of  the  comb 
or  bolt-bar.  Each  of  such  bobbins  with  its  carriage  is  therefore  no  more  than  one  ninth 
of  an  inch  thick.  The  common  proportion  or  gauge  up  and  down  the  machine  is  16 
holes  in  the  inch  for  ten  bobbins  transversely.  Circular  bolt  double  tier  machines  can 
turn  off  by  steam  power  fully  360  racks  each  day  of  18  hours,  with  a  relay  of  superin- 
tendents. 

The  number  of  new  mechanical  contrivances  to  which  this  branch  of  manufacture  has 
given  rise,  is  altogether  unparalleled  in  any  other  department  of  the  arts.  Since  Mr. 
Heathcote's  first  successful  patent,  in  1809,  a  great  many  other  patents  have  been  granted 
for  making  lace.  In  the  year  1811,  Mr.  Morley,  then  of  Nottingham,  invented  his 
straight  bolt  frame,  more  simple  in  construction,  better  combined,  and  more  easy  in  its 
movements,  than  the  preceding  machines  ;  but  the  modest  inventor  did  not  secure  it,  as 
he  might  have  done,  by  patent.  The  pusher  machine  was  invented  in  the  same  year,  by 
Samuel  Mart  and  James  Clark,  also  of  Nottingham.  The  following  year  is  remarkable 
in  the  history  of  the  lace  trade,  for  the  invention  of  the  circular  bolt  machine,  by  Mr. 
Morley— a  mechanism  possessing  all  the  advantages  of  his  straight  bolt  machine,  without 
its  disadvantages. 

Nearly  at  the  same  time  Mr.  John  Leaver  brought  forward  the  lever  machine,  con- 
jointly with  one  Turton,  both  of  New  Radford,  near  Nottingham.  About  the  year  1817 
or  1818,  Mr.  Heathcote  applied  the  rotatory  movemement  to  the  circular  bolt  machine, 
and  mounted  a  manufactory  on  that  plan,  by  mechanical  power,  at  Tiverton,  after  he  and 
his  partner,  Mr.  Boden,  had  been  driven  from  Loughborough,  in  1816,  by  the  atrocious 
violence  of  the  frame-destroying  Luddites. 

Such  has  been  the  progress  of  improvement  and  economy  in  this  manufacture,  that  the 
cost  of  labor  in  making  a  rack,  which  was,  twenty  years  ago,  3s.  6d.,  or  42  pence,  is  now 
not  more  than  one  penny.  The  prices  of  this  beautiful  fabric  have  fallen  in  an  equally 
remarkable  manner.  At  the  former  period,  a  24  rack  piece,  five  quarters  broad,  fetched 
17/.  sterling,  in  the  wholesale  market ;  the  same  is  now  sold  for  7s.  !  The  consequence 
is,  that  in  lace  decoration,  the  maid  servant  may  be  now  more  sumptuously  arrayed  than 
her  mistress  could  afford  to  be  twenty  years  ago. 

LACKER,  is  a  varnish,  consisting  chiefly  of  a  solution  of  pale  shellac  in  alcohol 
tinged  with  saffron,  annotto,  or  other  coloring  matter.     See  Varnish. 

LACTIC  ACID.  {Acide  Lactique,  Fr. ;  Milchsaiire,  Germ.)  This  acid  was  discovered 
by  Scheele  in  buttermilk,  where  it  exists  most  abundantly ;  but  it  is  present  also  in  fresh 
milk  in  small  quantity,  and  communicates  to  it  the  property  of  reddening  litmus.  Lactic 
acid  may  be  detected  in  all  the  fluids  of  the  animal  body ;  either  free  or  saturated  with 
alkaline  matter. 

Sclieele  obtained  this  acid  by  evaporating  the  sour  whey  of  clotted  milk  to  an  eighth 
part  of  its  bulk,  saturating  this  remainder  with  slaked  lime,  in  order  to  throw  down  the 
subphosphate  of  lime  held  in  solution,  filtering  the  liquor,  diluting  it  with  thrice  its  weight 
of  water,  and  precipitating  the  lime  circumspectly,  by  the  gradual  addition  of  oxalic  acid. 

*  By  reading-  the  above  brief  account  of  Bobbin-net,  in  connexion  with  the  more  detailed  description  of  it 
in  my  Cotton  Manufacture  of  Great  Britain,  a  tolerably  clear  conception  of  the  nature  of  this  intricate 
Tnanufacture  may  be  obtained. 
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He  next  filtered,  evaporated  to  dryness  on  a  water  bath,  and  digested  the  residuum  ii 
strong  alcohol,  which  dissolved  the  lactic  acid,  and  left  the  sugar  of  milk.  On  evapora- 
ting off  the  alcohol,  the  acid  was  obtained.  As  thus  procured,  it  requires  to  be  purified 
by  saturation  with  carbonate  of  lead  (pure  white  lead),  and  precipitating  the  solution  of 
this  lactate  with  sulphate  of  zinc,  not  added  in  excess.  Sulphate  of  lead  falls,  and  the 
supernatant  lactate  of  zinc  being  evaporated  affords  crystals,  at  first  brown,  but  which 
become  colorless  on  being  dissolved  and  re-crystallized  twice  or  thrice.  If  the  sulphuric 
acid  of  the  dissolved  salt  be  thrown  down  by  water  of  baryta,  the  liquid  when  filtered  and 
evaporated  yields  a  pure  lactic  acid,  of  a  sirupy  consistence,  colorless  and  void  of  smell. 
It  has  a  puneent  acid  taste,  which  it  loses  almost  entirely  when  moderately  diluted  with 
water.  It  does  not  ciystallize.  Its  salts,  with  the  exception  of  those  of  magnesia  and 
zinc,  have  a  gummy  appearance,  and  are  very  soluble  in  alcohol,  unless  they  hold  an  ex- 
cess of  base.  Lactic  acid  consists  of  44-92  carbon ;  6-55  hydrogen  ;  48-53  oxygen.  It 
contains  9-92  per  cent,  of  water.  It  has  not  hitherto  been  applied  to  any  use  in  the  arts, 
except  by  the  Dutch  in  their  old  process  of  bleaching  linen  with  sour  milk. 

LACTOMETER  is  the  name  of  an  instrument  for  estimating  the  quality  of  milk, 
called  also  a  Galadomder,  which  see.  The  most  convenient  form  of  apparatus  would  be 
a  series  of  glass  tubes  each  about  1  inch  in  diameter,  and  12  inches  long,  graduated 
through  a  space  of  10  inches,  to  tenths  of  an  inch,  having  a  slop-cock  at  the  bottom,  and 
suspended  upright  in  a  frame.  The  average  milk  of  the  cow  being  poured  in  to  the 
height  of  10  inches,  as  soon  as  the  cream  has  all  separated  at  top,  the  thickness  of  its 
body  may  be  measured  by  the  scale ;  and  then  the  skim  milk  may  be  run  off  below 
into  a  hydrometer  glass,  in  order  to  determine  its  density,  or  relative  richness  in  caseous 
matter. 

LAKES.  Under  this  title  are  comprised  all  those  colors  which  consist  of  a  vegetable 
dye,  combined  by  precipitation  with  a  white  earthy  basis,  which  is  usually  alumina.  The 
general  method  of  preparation  is  to  add  to  the  colored  infusion  a  solution  of  common 
alum,  or  rather  a  solution  of  alum  saturated  with  potash,  especially  when  the  infusion 
has  been  made  with  the  aid  of  acids.  At  first  only  a  slight  precipitate  falls,  consisting 
of  alumina  and  the  coloring  matter ;  but  on  adding  potash,  a  copious  precipitation  ensues, 
of  the  alimiina  associated  with  the  dye.  When  the  dyes  are  not  injured,  but  are  rather 
brightened  by  alkalis,  the  above  process  is  reversed  ;  a  decoction  of  the  dye-stuff  is  made 
with  an  alkaline  liquor,  and  when  it  is  filtered,  a  solution  of  alum  is  poured  into  it.  The 
third  method  is  practicable  only  with  substances  having  a  great  affinity  for  subsulphate 
of  alumina  ;  it  consists  in  agitating  recently  precipitated  alumina  with  the  decoction  of 
the  dye. 

Yellow  lakes  are  made  with  a  decoction  of  Persian  or  French  berries,  to  which  some 
potash  or  soda  is  added ;  into  the  mixture  a  solution  of  alum  is  to  be  poured  as  long  as 
(toy  precipitate  falls.  The  precipitate  must  be  filtered,  washed,  and  formed  into  cakes, 
and  dried.  A  lake  may  be  made  in  the  same  way  with  quercitron,  taking  the  precaution 
to  purify  the  decoction  of  the  dye-stufif  with  buttermilk  or  glue.  After  filtering  the  lake 
it  may  be  brightened  with  a  solution  of  tin.  Annotto  lake  is  formed  by  dissolving  the 
dye-stuff'  in  a  weak  alkaline  ley,  and  adding  alum  water  to  the  solution.  Solution  of  tin 
gives  this  lake  a  lemon  yellow  cast ;  acids  a  reddish  tint. 
Red  lakes. — The  finest  of  these  is  carmine. 

This  beautiful  pigment  was  accidentally  discovered  by  a  Franciscan  monk  at  Pisa.  He 
formed  an  extract  of  cochineal  with  salt  of  tartar,  in  order  to  employ  it  as  a  medicine, 
and  obtained,  on  the  addition  of  an  acid  to  it,  a  fine  red  precipitate.  Homberg  published 
a  process  for  preparing  it,  in  1656.  Carmine  is  the  coloring  matter  of  cochineal,  pre- 
pared by  precipitation  from  a  decoction  of  the  drug.  Its  composition  varies  according  to 
the  mode  of  making  it.  The  ordinary  carmine  is  prepared  with  alum,  and  consists  of 
carminium  (see  Cochineal),  a  little  animal  matter,  alumina,  and  sulphuric  acid.  See 
Carmine. 

Carminated  lake,  called  lake  of  Florence,  Paris,  or  Vienna.  For  making  this  pigment, 
the  liquor  is  usually  employed  which  is  decanted  from  the  carmine  process.  Into  this, 
newly  precipitated  alumina  is  put ;  the  mixture  is  stirred,  and  heated  a  little,  but  not  too 
much.  Whenever  the  alumina  has  absorbed  the  color,  the  mixture  is  allowed  to  settle, 
and  the  liquor  is  drawn  oft'. 

Sometimes  alum  is  dissolved  in  the  decoction  of  cochineal,  and  potash  is  then  added, 
to  throw  down  the  alumina  in  combination  with  the  coloring  matter ;  but  in  this  way  an 
indifferent  pigment  is  obtained.  Occasionally,  solution  of  tin  is  added,  to  brighten  the 
dye. 

A  lake  may  be  obtained  from  kermes,  in  the  same  way  as  from  cochineal ;  but  now  it 
is  seldom  had  recourse  to. 

Brazil-wood  lakes. — Brazil  wood  is  to  be  boiled  in  a  proper  quantity  of  water  for  15 
minutes  ;  then,  alum  and  solution  of  tin  being  added,  the  liquor  is  to  be  filtered,  and  a 
solution  of  potash  poured  in  as  long  as  it  occasions  a  precipitate.     This  is  separated  by 
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the  filter,  washed  in  pure  water,  mLxed  with  a  little  gum  water,  and  made  into  cakes. 
Or,  the  Brazil  wood  may  be  boiled  along  with  a  little  vinegar,  the  decoction  filtered,  alum 
and  salt  of  tin  added,  and  then  potash-ley  poured  in  to  precipitate  the  lake.  For  1  pound 
of  Brazil  wood,  30  to  40  pounds  of  water,  and  from  I5  to  2  pounds  of  alum,  may  be  taken, 
in  producing  a  deep  red  lake  ;  or  the  same  proportions  with  half  a  pound  of  solution  of 
tin.  If  the  potash  be  added  in  excess,  the  tint  will  become  violet.  Cream  of  tartar 
occasions  a  brownish  cast. 

Madder  lake. — A  fine  lake  may  be  obtained  from  madder,  by  washing  it  in  cold  water 
as  long  as  it  gives  out  color;  then  sprinkling  some  solution  of  tin  over  it,  and  setting  it 
aside  for  some  days.  A  gentle  heat  may  also  be  applied.  The  red  liquor  must  be  then 
separated  by  the  filter,  and  decomposed  by  the  addition  of  carbonate  of  soda,  when  a  fine 
red  precipitate  will  be  obtained.  Or,  the  reddish  brown  coloring  matter  of  a  decoction 
of  madder  may  be  first  separated  by  acetate  of  lead,  and  then  the  rosered  color  with  alum. 
Or,  madder  tied  up  in  a  bag  is  boiled  in  water  ;  to  the  decoction,  alum  is  added,  and  then 
potash.  The  precipitate  should  be  washed  with  boiling  water,  till  it  ceases  to  tinge  it 
yellow;  and  it  is  then  to  be  dried. 

The  following  process  merits  a  preference  : 

Diffuse  2  pounds  of  ground  madder  in  4  quarts  of  water,  and  after  a  maceration  of  10 
minutes,  strain  and  squeeze  the  grounds  in  a  press.  Repeat  this  maceration,  &c.  twice 
upon  the  same  portion  of  madder.  It  will  now  have  a  fine  rose  color.  It  must  then  be 
mixed  with  5  or  6  pounds  of  water  and  half  a  pound  of  bruised  alum,  and  heated  upon 
a  water  bath  for  3  or  4  hours,  with  the  addition  of  water,  as  it  evaporates,  after  which 
the  whole  must  be  thrown  upon  a  filter  cloth.  The  liquor  which  passes  is  to  be  filtered 
through  paper,  and  then  precipitated  by  carbonate  of  potash.  If  the  potash  be  added  in 
three  successive  doses,  three  different  lakes  will  be  obtained,  of  successively  diminishing 
beauty.     The  precipitates  must  be  washed  till  the  water  comes  off  colorless. 

Blue  lakes  are  hardly  ever  prepared,  as  indigo,  Prussian  blue,  cobalt  blue,  and  ulti-a- 
marine,  answer  every  purpose  of  blue  pigments. 

Green  lakes  are  made  by  a  mixture  cf  yellow  lakes  with  blue  pigments  ;  but  chrome 
Yellows  mixed  with  blues  produce  almost  all  the  requisite  shades  of  green. 

LAMINA  BLE  is  said  of  a  metal  which  may  be  extended  by  passing  between  steel  or 
hardened  (chilled)  cast-iron  rollers. 

For  a  description  of  metal  rolling  presses,  see  Iron  and  Mint  ;  and 

For  a  table  of  the  relative  laminability  of  metals,  see  Ductility. 

LAMIUM  ALBUM,  or  the  dead  nettle,  is  said  by  Leuchs  to  afford  in  its  leaves  a 
greenish-yellow  dye.  The  L.  purpureum  dyes  a  reddish-gray  with  salt  of  tin,  and  a 
greenish  tint  with  iron  liquor. 

LAMPS  differ  so  much  in  principle,  form,  and  construction,  as  to  render  their  descrip- 
tion impossible,  as  a  general  subject  of  manufacture.  In  fact,  the  operations  of  the 
lampist,  like  those  of  the  blacksmith,  cabinet-maker,  cooper,  coppersmith,  tinman, 
turner,  &c.,  belong  to  a  treatise  upon  handicraft  trades.  I  shall  here,  however,  intro- 
duce a  tabular  view  of  the  relative  light  and  economy  of  the  lamps  most  generally 
known. 


Intensity  of  light  during- 

Mean  of 

Consump- 
tion per 
hour  in 

Light   from 

Kind  of  Lamps. 

1 

2 

3 

4 

5 

6 

7  hours. 

100  parts 

hour 

hours 

hours 

hours 

hours 

hours 

grammes. 

of  oil. 

1.  Mechanical  lamp  of 

Carcel 

100 

42 

238 

2.  Fountain    lamp,    ^ 

and  a  chimney    > 

100 

98 

98 

97 

96 

96 

125 

11 

113 

with  flat  wick    ) 

3.  Dome  argand 

103 

90 

72 

61 

42 

34 

31 

26-714 

116 

4.  Sinumbra  lamp 

102 

95 

83 

81 

78 

66 

56 

37-145 

150 

5.  Do.    with  fountain 

above 

100 

90 

70 

52 

41 

32 

85 

43 

197 

6.  Do.     with   another 

beak  -         -         - 

100 

97 

95 

92 

89 

86 

41 

18 

227 

7.  Girard's  hydrostatic 

lamp  -         -         - 

101 

96 

84 

81 

76 

70 

63-66 

34-714 

182 

8.  Thilorier'sorPar-  ^ 

kei's   hydrosta-  > 

106 

103 

100 

94 

92 

90 

107-66 

51-143 

215 

tic  lamp     -         ) 

1 
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In  the  above  table,  for  the  purpose  of  comparing  the  successive  degrees  of  intensity. 
100  represents  the  mean  intensity  of  light  during  the  first  hour.  The  quantity  of  oil  con- 
sumed per  hour  is  given  in  grammes,  of  15^  grains  each.  The  last  column  expresses  the 
quantity  of  light  produced  with  a  like  consumption  of  oil,  which  was  in  all  cases  100 
grammes.     See  Candles. 

The  following  table  of  M.  Peclet  is  perhaps  more  instructive  : — 


Consump- 

Cost 

Fat  pro- 
ducing the 

Cost 
per  hour. 

Nature  of  the  light. 

Intensity. 

tion  per 
hour  in 

per  kilo- 

of light 

grammes. 

gramme. 

per  hour. 

same  light. 

francs. 

cents. 

srammes. 

cents. 

1.  Mechanical  lamp 

100 

42 

1-40 

5-8 

42 

5-8 

2.  Flat-wick  mechan.  do. 

12-05 

11 

1-40 

1-5 

88 

12-3 

3.  Hemispherical    dome 

lamp     .         -         - 

31-0 

26-714 

1-40 

3-7 

86-16 

12-0 

4.  Sinimibra  lamp 

85 

43 

1-40 

6-0 

50-58 

70 

5.  Do.  with  a  lateral  foun- 

tain or  vase  - 

41 

18 

1-40 

2-5 

43-90 

6-1 

6.  Do.  with  a  fountain 

above   -        .        - 

90 

43 

1-40 

6-0 

47-77 

6-6 

7,  Giiard's     hydrostatic 

lamp     -         -        - 

63-66 

34-71 

1-40 

4-8 

54-52 

7-6 

8.  Thilorier's  or  Parker's 

lamp     -        -        . 

107-66 

51-143 

1-40 

7-1 

47-5 

6-6      i 

9.  Candle,  6  in  lb. 

10-66 

8-51 

1-40 

1-2 

70-35 

9-8 

10.       Do.     8  in  lb. 

8-74 

7-51 

1-40 

1-0 

85-92 

12-0 

11.       Do.     6  with  smaller 

wick   -        -         - 

7-50 

7-42 

2-40 

1-7 

98-93 

23-7 

12.  Wax  candle,  5  in  lb. 

13-61 

8-71 

7-60 

5-7 

64-04 

48  6 

13.  Sperm  candle,       do. 

14-40 

8-92 

7-60 

5-8 

61-94 

47-8 

14.  Stearine  candle,    do. 

14-30 

9-35 

6-00 

5-5 

65-24 

37-1 

15.  Coal  gas  -         -         . 

127 

136  litres 

50 

107  litres 

3-9 

16.  Oil  gas      - 

127 

136  do. 

5-0 

30 

3-9 

The  light  of  the  mechanical  lamp  is  greatly  over-rated  relatively  to  that  of  gas.     The 
cost  of  the  former  is  at  least  5  times  greater  than  that  of  the  latter,  in  London. 

LAMP   OF  DAVY   consists  of  a   common   oil  lamp,   surmounted    with   a   covered 
6'4  cylinder  of  wire  gauze,  for  transmitting  light  to  the  miner  without 

endangering  the  kindling  of  the  atmosphere  of  fire-damp  which 
may  surround  him ;  because  carbureted  hydrogen,  in  passing 
through  the  meshes  of  the  cylindric  cover,  gets  cooled  by  the  con- 
ducting power  of  the  metallic  gauze,  below  the  point  of  its 
accension. 

The  apertures  in  the  gauze  should  not  be  more  than  l-20th  of 
an  inch  square.  Since  the  fire  damp  is  not  inflamed  by  ignited 
wire,  the  thickness  of  the  wire  is  not  of  importance,  but  wire  from 
l-40th  to  l-60th  of  an  inch  in  diameter  is  the  most  convenient. 

The  cage  or  cylinder  should  be  made  by  double  joinings,  the 
sauze  being  folded  over  in  such  a  manner  as  to  leave  no  apertures. 
When  it  is  cylindrical,  it  should  not  be  more  than  two  inches  in 
diameter  ;  because  in  larger  cylinders,  the  combustion  of  the  fire- 
damp renders  the  top  inconveniently  hot ;  a  double  top  is  always 
a  proper  precaution,  fixed  f  or  f  of 
an  inch  above  the  first  top.     See 
fig-  614. 

The  gauze  cylinder  should  be 
fastened  to  the  lamp  by  a  screw  b, 
fig.  615,  of  four  or  five  turns,  and 
fitted  to  the  screw  by  a  tight  ring. 
All  joinings  in  the  lamp  should  be 
made  with  hard  solder;  as  the  secu- 
rity depends  upon  tlie  circumstance 
that  no  aperture  exists  in  the  appa- 
ratus larger  than  in  the  wire-gauze 
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The  parts  of  the  lamp  are, 

1.  The  brass  cistern  a,  d,fig.  615,  which  contains  the  oil.  It  is  pierced  at  one  side  of 
the  centre  with  a  vertical  narrow  tube,  nearly  filled  with  a  wire  which  is  recurved  above, 
at  the  level  of  the  burner,  to  trim  the  wick,  by  acting  on  the  lower  end  of  the  wire  e  with 
the  lingers.     It  is  called  the  safety-trimmer. 

2.  The  rim  b  is  the  screw  neck  for  fixing  on  the  gauze  cylinder,  in  which  the  wire- 
gauze  cover  is  fixed,  and  which  is  fastened  to  the  cistern  by  a  screw  fitted  to  b. 

3.  An  aperture  c  for  supplying  oil.  It  is  fitted  with  a  screw  or  a  cork,  and  communi- 
cates with  the  bottom  of  the  cistern  by  a  tube  at/.     A  central  aperture  for  the  wick. 

4.  The  wire-gauze  cylinder, _/(g.  614,  which  should  not  have  less  than  625  apertures  to 
the  square  inch. 

5.  The  second  top,  |  of  an  inch  above  the  first,  surmounted  by  a  brass  or  copper  plate, 
1o  which  the  ring  of  suspension  may  be  fixed.  It  is  covered  with  a  wire  cap  in  the 
figure. 

6.  Four  or  six  thick  vertical  wires,  g'  g'  g'  g',  joining  the  cistern  below  with  the  top 
plate,  and  serving  as  protecting  pillars  round  the  cage,  g  is  a  screw-pin  to  fix  the  cover, 
so  that  it  shall  not  become  loosened  by  accident  or  carelessness.  The  oil-cistern  Jig.  615 
is  drawn  upon  a  larger  scale  than  fig.  614,  to  show  its  minuter  parts. 

When  the  wire-gauze  safe-lamp  is  lighted  and  introduced  into  an  atmosphere  gradually 
mixed  with  fire-damp,  the  first  effect  of  the  fire-damp  is  to  increase  the  length  and  size 
of  the  flame.  When  the  inflammable  gas  forms  so  much  as  l-12th  of  the  volume  of  the 
air,  the  cylinder  becomes  filled  with  a  feeble  blue  flame,  while  the  flame  of  the  wick 
appears  burning  brightly  within  the  blue  flame.  The  light  of  the  wick  augments  till  the 
fire-damp  increases  to  l-6th  or  l-5th,  when  it  is  lost  in  the  flame  of  the  fire-damp,  which 
in  this  case  fills  the  cylinder  with  a  pretty  strong  light.  As  long  as  any  explosive  mixture 
of  gas  exists  in  contact  with  the  lamp,  so  long  it  will  give  light ;  and  when  it  is  extinguished, 
which  happens  whenever  the  foul  air  constitutes  so  much  as  l-3d  of  the  volume  of  the 
atmosphere,  the  air  is  no  longer  proper  for  respiration  ;  for  though  animal  life  will  con- 
tinue where  flame  is  extinguished,  yet  it  is  always  with  suffering.  By  fixing  a  coil  of 
platinum  wire  above  the  wick,  ignition  may  be  maintained  in  the  metal  when  the  lamp 
itself  is  extinguished ;  and  from  this  ignited  wire  the  wick  may  be  again  rekindled,  on 
carrying  it  into  a  less  inflammable  atmosphere. 

"  We  have  frequently  used  the  lamps  where  the  explosive  mixture  was  so  high  as  to 
heat  the  wire-gauze  red-hot ;  but  on  examining  a  lamp  which  has  been  in  constant  use 
for  three  months,  and  occasionally  subjected  to  this  degree  of  heat,  I  cannot  perceive  that 
the  gauze  cylinder  of  iron  wire  is  at  all  impaued.  I  have  not,  however,  thought  it  pru- 
dent, in  our  present  state  of  experience,  to  persist  in  using  the  lamps  under  such  circum- 
stances, because  I  have  observed,  that  in  such  situations  the  particles  of  coal  dust  floating 
in  the  air,  fire  at  the  gas  burning  within  the  cylinder,  and  fly  off  in  small  luminous  sparks. 
This  appearance,  I  must  confess,  alarmed  me  in  the  first  instance,  but  experience  soon 
proved  that  it  was  not  dangerous. 

"  Besides  the  facilities  afforded  by  this  invention  to  the  working  of  coal-mines  abound- 
ing in  fire-damp,  it  has  enabled  the  directors  and  superintendents  to  ascertain,  with  the 
utmost  precision  and  expedition,  both  the  presence,  the  quantity,  and  correct  situation  of 
the  gas.  Instead  of  creeping  inch  by  inch  with  a  candle,  as  is  usual,  along  the  galleries 
of  a  mine  suspected  to  contain  fire-damp,  in  order  to  ascertain  its  presence,  we  walk  firmly 
on  with  the  safe-lamps,  and,  with  the  utmost  confidence,  prove  the  actual  state  of  the 
mine.  By  observing  attentively  the  several  appearances  upon  the  flame  of  the  lamp,  in 
an  examination  of  this  kind,  the  cause  of  accidents  which  happened  to  the  most  experienced 
and  cautious  miners  is  completely  developed ;  and  this  has  hitherto  been  in  a  great  meas- 
ure matter  of  mere  conjecture. 

"  It  is  not  necessary  that  I  should  enlarge  upon  the  national  advantages 'which  must 
necessarily  result  from  an  invention  calculated  to  prolong  our,  supply  of  mineral  coal, 
because  I  think  them  obvious  to  every  reflecting  mind ;  but  I  cannot  conclude  without 
expressing  my  highest  sentiments  of  admiration  for  those  talents  which  have  developed 
the  properties,  and  controlled  the  power,  of  one  of  the  most  dangerous  elements  which 
human  enterprise  has  hitherto  had  to  encsunter."— See  Letter  to  Sir  H.  Davy,  in  Journal 
of  Science,  vol.  i.  p.  302,  by  John  Buddie,  Esq.,  generally  and  justly  esteemed  one  of  the 
most  scientific  coal-miners  in  the  kingdom. 

Mr.  Buddie,  in  a  letter  dated  21st  August,  1835,  which  is  published  in  Dr.  Davy's  life 
of  his  brother  Sir  Humphrey,  says  : — 

"  In  the  evidence  given  in  my  last  examination  before  a  committee  of  the  House  of 
Commons,  I  stated  that  after  nearly  twenty  years'  experience  of  '  the  Davy'  with  from 
1000  to  1500  lamps  in  daily  use,  in  all  the  variety  of  circumstances  incidental  to 
coal  mining,  without  a  single  accident  having  happened  which  could  be  attributed  to 
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a  defect  in  its  principle,  or  even  in  the  rules  for  its  practical  application,  as  laid  down  h) 
Sir  Humphrey — I  maintained  that  '  the  Davy'  approximated  perfection,  as  nearly  as  anry 
instrument  of  human  invention  could  be  expected  to  do.  We  have  ascertained  distinctly 
that  the  late  explosion  did  not  happen  in  that  part  of  the  mine  where  the  Davys  were 
used.  They  were  all  found  in  a  perfect  state  after  the  accident — many  of  them  in  the 
hands  of  the  dead  bodies  of  the  suiierers." 
LAMP-BLACK.     See  Black. 

LAMPATES  and  LAMPIC  ACID.  When  a  spirit  of  wine  lamp  has  its  cotton  wick 
surmounted  with  a  spiral  coil  of  platinum  wire,  after  lighting  it  for  a  little,  it  may  be 
blown  out,  without  ceasing  to  burn  the  alcohol ;  for  the  coil  continues  ignited,  and  a  cur- 
rent of  hot  vapor  continues  to  rise,  as  long  as  the  spirit  lasts.  This  vapor  was  first  con- 
densed and  examined  by  Professor  Daniell,  who  called  it  lampic  acid.  It  has  a  peculiar, 
strongly  acid,  burning  taste,  and  a  spec.  grav.  of  I-OIS.  It  possesses  in  an  eminent  de- 
gree the  property  of  reducing  certain  metallic  solutions ;  such  as  those  of  platinum,  gold, 
and  silver.  The  lampates  maybe  prepared  by  saturating  the  above  acid  with  the  alkaline 
and  earthy  carbonates. 

LAPIDARY,  jlrt  of.  The  art  of  the  lapidary,  or  that  of  cutting,  polishing,  and 
engraving  gems,  was  known  to  the  ancients,  many  of  whom  have  left  admirable  specimens 
of  their  skill.  The  Greeks  were  passionate  lovers  of  rings  and  engraved  stones;  and  the 
most  parsimonious  among  the  higher  classes  of  the  Cyrenians  are  said  to  have  worn  rings 
of  the  value  of  ten  minee  (about  30/.  of  our  money.)  By  far  the  greater  part  of  the  antique 
gems  that  have  reached  modern  times,  may  be  considered  as  so  many  models  for  forming 
the  taste  of  the  student  of  the  fine  arts,  and  for  inspiring  his  mind  with  correct  ideas  of 
what  is  truly  beautiful.  With  the  cutting  of  the  diamond,  however,  the  ancients  were 
unacquainted,  and  hence  they  wore  it  in  its  natural  state.  Even  in  the  middle  ages,  this 
art  was  still  unknown  ;  for  the  four  large  diamonds  which  enrich  the  clasp  of  the  imperial 
mantle  of  Charlemagne,  as  now  preserved  in  Paris,  are  uncut,  octahedral  crystals.  But 
the  art  of  working  diamonds  was  probably  known  in  Hindostan  and  China,  in  very  remote 
periods.  After  Louis  de  Berghen's  discover}',  in  1476,  of  polishing  two  diamonds  by  their 
mutual  attrition,  all  the  finest  diamonds  were  sent  to  Holland  to  be  cut  and  polished  by 
the  Dutch  artists,  who  long  retained  a  superiority,  now  no  longer  admitted  by  the  lapida- 
ries of  London  and  Paris. 

The  operation  of  gem  cutting  is  abridged  by  two  methods ;  1.  by  cleavage  ;  2.  by  cut- 
ting off  slices  with  a  fine  wire,  coated  with  diamond  powder,  and  fixed  in  the  stock  of  a 
hand-saw.  Diamond  is  the  only  precious  stone  which  is  cut  and  polished  with  diamond 
powder,  soaked  with  olive  oil,  upon  a  mill  plate  of  very  soft  steel. 

Oriental  i-ubies,  sapphires,  and  topazes,  are  cut  with  diamond  powder  soaked  with  olive 
oil,  on  a  copper  wheel.  The  facets  thus  formed  are  afterwards  polished  on  another  cop- 
per wheel,  with  tripoli,  tempered  with  water. 

Emeralds,  hyacinths,  amethysts,  garnets,  agates,  and  other  softer  stones,  are  cut  at  a 
lead  wheel,  with  emery  and  water;  and  are  polished  on  a  tin  wheel  with  tripoli  and 
water,  or,  stiU  better,  on  a  zinc  wheel,  with  putty  of  tin  and  water. 

The  more  tender  precious  stones,  and  even  the  pastes,  are  cut  on  a  mill-wheel  of  hard 
wood,  with  emery  and  water;  and  are  polished  with  tripoli  and  water,  on  another  wheel 
of  hard  wood. 

Since  the  lapidarj'  employs  always  the  same  tools,  whatever  be  the  stone  which  he  cuts 
or  polishes,  and  since  the  wheel  discs  alone  var}',as  also  the  substance  he  uses  with  them, 
we  shall  describe,  first  of  aU,  his  apparatus,  and  then  the  manipulations  for  diamond-cut- 
ting, which  are  applicable  to  every  species  of  stone. 

The  lapidarj's  mill,  or  wheel,  is  shown  in  perspective  in  fg.   616.     It  consists  of 
616  a  strong  frame  made  of  oak  carpentry,  with 

tenon  and  mortised  joints,  bound  together 
with  strong  bolts  and  screw  nuts.  Its  form 
is  a  parallelopiped  of  from  8  to  9  feet  long,  by 
from  6  to  7  high ;  and  about  2  feet  broad. 
These  dimensions  are  large  enough  to  con- 
tain two  cutting  wheels  alongside  of  each 
other,  as  represented  in  the  figure. 

Besides  the  two  sole  bars  b  b,  we  perceive 
in  the  breadth,  5  cross  bars,  c,  n,  e,  f,  g. 
The  two  extreme  bars  c  and  g,  are  a  part  of 
the  frame-work,  and  serve  to  bind  it.  The 
two  cross-bars  d  and  f,  carry  each  in  the 
middle  of  their  length,  a  piece  of  wood  as 
thick  as  themselves,  but  only  4^  inches  long 
(see  Jig.  617),  joined  solidly  by  mortises  and  tenons  with  that  cross  bar,  as  well  as 
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with  the  one  placed  opposite  on  the  other  parallel  face.      These  two  pieces  are  called 
summers  (lintels) ;  the  one  placed  at  d  is  the  upper ;  the  one  at  f,  the  lower. 

In  fg.  617  this  face  is  shown  inside,  in  order  to  explain  how  the  mill  wheel  is  placed 
and  supported.  The  same  letters  point  out  the  same  objects,  both  in  the  preceding  and 
the  followina;  figures. 

In  each  of  these  smnmers  a  square  hole  is  cut  out,  exactly  opposite  to  the  other ;  in 
t1  which  are  adjusted  by  friction,  a  square  piece  of  oak  a,  a,  fig. 

617,  whose  extremities  are  perforated  with  a  conical  hole, 
which  receives  the  two  ends  of  the  arbor  h  of  the  wheel  i, 
and  forms  its  socket.  The  square  bar  is  adjusted  at  a  conve- 
nient height,  by  a  double  wooden  wedge  b  b. 

The  cross  bar  in  the  middle  e  supports  the  table  r  c,  a 
strong  plank  of  oak.  It  is  pierced  with  two  large  holes  whose 
centres  coincide  with  the  centre  of  the  conical  holes  hoUov;- 
ed  out  at  the  end  of  the  square  pins.  These  holes,  of  about 
6  inclies  diameter  each,  are  intended  to  let  the  arbor  pass 
freely  through,  bearing  its  respective  wheel.  (See  one  of 
these  holes  at  i,  in  fig.  621  below.) 

Each  wheel  is  composed  of  an  iron  arbor  h,  fig.  618,  of  a 
grinding-wheel  i,  which  differs  in  substance  according  to 
circumstances,  as  already  stated,  and  of  the  pulley  J,  furnish- 
ed with  several  grooves  (see  fig.  619),  which  has  a  square 
fit  upon  the  arbor.  The  arbor  carries  a  collet  d,  on  which 
>^  are  4  iron  pegs  or  pins  that  enter  into  the  wheel  to  fasten 
it. 

The  wheel  plate,  of  which  the  ground  plan  is  shown  at  k, 
is  hollowed  out  towards  its  centre  to  half  its  thickness  ;  when 
it  is  in  its  position  on  the  arbor,  as  indicated  in  fig.  619,  a 
washer  or  ferrule  of  wrought  iron  is  put  over  it,  and  secured 
in  its  place  by  a  double  wedge.  In  fig.  619  the  wheel-plate 
is  represented  in  section,  that  the  connexion  of  the  whole 
parts  may  be  seen. 

A  board  g  (see  fig.  616  and  fig.  624),  about  7^  inches  high, 
is  fixed  to  the  part  of  the  frame  opposite  to  the  side  at  which 
the  lapidary  works,  and  it  prevents  the  substances  made  use 
of  in  the  cutting  and  polishing,  from  being  thrown  to  a  dis- 
tance by  the  centrifugal  force  of  the  wheel-plate. 

Behind  this  apparatus  is  mounted  for  each  grinding-plate, 
a  large  wheel  l  (see  fig.  616),  simOar  to  a  cutlei-'s,  but  placed 
horizontally.  This  wheel  is  grooved  round  its  circumfer- 
ence to  receive  an  endless  cord  or  band,  which  passes  round  one  of  the  grooves  of  the 
pulley  J,  fixed  below  the  wheel-plate.  Hence,  on  turning  the  fly-wheel  l,  the  plate  re- 
volves with  a  velocity  relative  to  the  velocity  communicated  to  the  wheel  l,  and  to  the  dif- 
ference of  diameter  of  the  wheel  l  and  the  puUey  j.  Each  wheel  l,  is  mounted  on  an 
iron  arbor,  with  a  crank  (see  m,  fig.  620.) 

The  lower  pivot  of  that  arbor  h  is  conical,  and  turns  in  a  socket  fixed  in  the  floor.  The 
great  wheel  l  rests  on  the  collet  i,  furnished  with  its  4  iron  pins,  for  securing  the  con- 
nexion. Above  the  wheel  an  iron  washer  is  laid,  and  the  wliole  is  fixed  by  a  double  wedge, 
which  enters  into  the  mortise  /,  fig.  620. 

Fig.  621  exhibits  a  ground-plan  view  of  all 
this  assemblage  of  parts,  to  explain  the  structure 
of  the  machine.  Every  thing  that  stands  above 
the  upper  summer-bar  has  been  suppressed  in  this 
representation.  Here  we  see  the  table  c  c  ;  the 
upper  summer  m ;  the  one  wheel-plate  /,  the  other 
havina;  been  removed  to  show  that  the  endless  cord 
does  not  cross  ;  the  two  large  wheels  l  l,  present 
in  each  machine,  the  crank  bar  n,  seen  separate 
in  fig.  622,  which  serves  for  turning  the  wheel  l. 


This  bar  is  formed  of  3  iron  plates,  n,  o ;  p,  q ;  and  q,  r ;  (fig.  622.)    The  first  is 
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bent  round  at  the  point  n,  to  embrace  the  stud  s ;  the  second,  p  q,  is  cf  the  same  breadtu 
and  thickness  as  the  fiist ;  and  the  thiid  is  adjusted  to  the  latter  with  a  hinge  joint,  at 
the  point  q,  where  they  are  both  turned  into  a  circular  form,  to  embrace  the  crank  m. 
When  all  these  pieces  are  connected,  they  are  fixed  at  the  proper  lenolhs  by  the  buckles 
or  square  rings  t  t  t,  which  embrace  these  pieces  as  is  shown  in  fig.  621. 

The  stud  .?,  seen  in  fig.  622,  is  fixed  to  the  point  v  by  a  wedge  key  upon  the  arm  p, 
represented  separately,  and  in  perspective  iny?g.  623.  The  laborer  seizing  the  two  up- 
right pegs  or  handles  x  x,  by  the  alternate  forward  and  backward  motion  of  his  arm,  he 
communicates  the  same  motion  to  the  crank  rod,  which  transmits  it  to  the  crank  of  the 
arbor  m,  and  impresses  on  that  arbor,  and  the  wheel  which  it  bears,  a  rotatory  move- 
ment. 


624 


623 


Fig.  624  shows  piece-meal  and  in  perspective,  a  part  of  the  lapidary's  wheel-mill. 
There  we  see  the  table  c  c,  the  grind-plate  i,  whose  axis  is  kept  in  a  vertical  position  by 
the  two  square  plugs  a  a,  fixed  into  the  two  summers  by  the  wedges  b  b.  On  the  two 
sides  of  the  wheel-plate  we  perceive  an  important  instrument  called  a  dial,  which  serves 
to  hold  the  stone  during  the  cutting  and  polishing.  This  instrument  has  received  lately 
important  ameliorations,  to  be  described  in  fig.  625.  The  lapidary  holds  this  instrument 
in  his  hand,  he  rests  it  upon  the  iron  pins  u  u  fixed  in  the  table,  lest  he  should  be  afl'ected 
by  the  velocity  of  the  revolving  wheel-plate.  He  loads  it  sometimes  with  weights  e,  e, 
to  make  it  take  better  hold  of  the  grinding  plate. 

One  of  the  most  expert  lapidaries  of  Geneva  works  by  means  of  the  following  improved 
mechanism,  of  his  own  invention,  whereby  he  cuts  and  polishes  the  facets  with  extreme 
regularity,  converting  it  into  a  true  dial. 


625    / 


Fig.  625  shows  this  improvement.  Each  of  the  two  jaws  bears  a 
large  conchoidal  cavity,  into  which  is  fitted  a  brass  ball,  which  carries 
on  its  upper  part  a  tube  e,  to  whose  extremity  is  fixed  a  dial-plate//, 
engraved  with  several  concentric  circles,  divided  into  equal  parts,  like 
the  toothed-wheel  cutting  engine-plate,  according  to  the  number  of 
facets  to  be  placed  in  each  cutting  range.  The  tube  receives  with 
moderate  friction  the  handle  of  the  cement  rod,  which  is  fixed  at  the 
proper  point  by  a  thumb-screw,  not  shown  in  the  figure,  being  con- 
cealed by  the  vertical  limb  d,  about  to  be  described. 
A  needle  or  index  g,  placed  with  a  square  fit  on  the  tail  of  the  cement  rod,  marks  by 
its  point  the  divisions  on  the  dial  plate  //.  On  the  side  7n  n  of  the  jaw  a,  there  is  fixed 
by  two  screws,  a  limb  d,  forming  a  quadrant  whose  centre  is  supposed  to  be  at  the  centre 
of  the  ball.  This  quadrant  is  divided  as  usual  into  90  degrees,  whose  highest  point  is 
marked  0,  and  the  lowest  would  mark  about  70  ;  for  the  remainder  of  the  arc  down  to 
90  is  concealed  by  the  jaw.     The  two  graduated  plates  are  used  as  follows  : — 

When  the  cement  rod  conceals  zero  or  0  of  the  limb,  it  is  then  vertical,  and  serves  to 
cut  the  table  of  the  brilliant ;  or  the  point  opposite  to  it,  and  parallel  to  the  table.  On 
making  it  slope  a  little,  5  degrees  for  example,  all  the  facets  will  now  lie  in  the  same 
zone,  provided  that  the  inclination  be  not  allowed  to  vary.  On  turning  round  the 
cement  rod  the  index  g  marks  the  divisions,  so  that  by  operating  on  the  circle  with  16 
divisions,  stopping  for  some  time  at  each,  16  facets  will  have  been  formed,  of  perfect 
equality,  and  at  equal  distances,  as  soon  as  the  revolution  is  completed. 

Diamonds  are  cut  at  the  present  day  in  only  two  modes ;  into  a  rose  diamond,  and  a 
brilliant.     We  shall  therefore  confine  our  attention  to  these  two  forms. 

The  rose  diamond  is  flat  beneath,  like  all  weak  stones,  while  the  upper  face  rises  intc 
a  dome,  and  is  cut  into  facets.      Most  usually  six  facets  aie  put  on  the  central  region. 
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which  are  in  the  form  of  triangles,  and  unite  at  their  summits;  their  bases  abut  upon 
another  range  of  triangles,  which  being  set  in  an  inverse  position  to  the  preceding,  present 
their  bases  to  them,  while  their  summits  terminate  at  the  sharp  majjgin  of  the  stone.  The 
latter  triangles  leave  spaces  between  them  which  are  likewise  cut  each  into  two  facets. 
By  this  distribution  the  rose  diamond  is  cut  into  24  facets ;  the  surface  of  the  diamond 
being  divided  into  two  portions,  of  which  the  upper  is  called  the  crown,  and  that  forming 
the  contour,  beneath  the  former,  is  called  denielle  (lace)  by  the  French  artists. 

According  to  Mr.  Jeffries,  in  his  Treatise  on  Diamonds,  the  regular  rose  diamond  is 
foi'med  by  inscribing  a  regular  octagon  in  the  centre  of  the  table  side  of  the  stone,  and 
bordering  it  by  eight  right-angled  triangles,  the  bases  of  which  correspond  with  the  sides 
of  the  octagon;  beyond  these  is  a  chain  of  8  trapeziums,  and  another  of  16  triangles. 
The  collet  side  also  consists  of  a  minute  central  octagon,  from  every  angle  of  which  pro- 
ceeds a  ray  to  the  edge  of  the  girdle,  forming  the  whole  surface  into  8  trapeziums,  each 
of  which  is  again  subdivided  by  a  salient  angle  (whose  apex  touches  the  girdle)  into  one 
irregular  pentagon  and  two  triangles. 

To  fashion  a  rough  diamond  into  a  brilliant,  the  first  step  is  to  modify  the  faces  of  the 
original  octahedron,  so  that  the  plane  formed  by  the  junction  of  the  two  pyramids  shall 
be  an  exact  square,  and  the  axis  of  the  crystal  precisely  twice  the  length  of  one  of  the 
sides  of  the  square.  The  octahedron  being  thus  rectified,  a  section  is  to  be  made  parallel 
to  the  common  base  or  girdle,  so  as  to  cut  off  5  eighteenths  of  the  whole  height  from  the 
upper  pyramid,  and  1  eighteenth  from  the  lower  one.  The  superior  and  larger  plane 
thus  produced  is  called  the  table,  and  the  inferior  and  smaller  one  is  called  the  collet ;  in 
this  state  it  is  termed  a  complete  square  table  diamond.  To  convert  it  into  a  brilliant, 
two  triangular  facets  are  placed  on  each  side  of  the  table,  thus  changing  it  from  a  square 
to  an  octagon ;  a  lozenge-shaped  facet  is  also  placed  at  each  of  the  four  corners  of  the 
table,  and  another  lozenge  extending  lengthwise  along  the  whole  of  each  side  of  the  ori- 
ginal square  of  the  table,  which  with  two  triangular  facets  set  on  the  base  of  each 
lozenge,  completes  the  whole  number  of  facets  on  the  table  side  of  the  diamond ;  viz.,  8 
lozenges,  and  24  triangles.  On  the  collet  side  are  formed  4  irregular  pentagons,  altei-- 
nating  with  as  many  irregular  lozenges  radiating  from  the  collet  as  a  centre,  and  bordered 
by  16  triangular  facets  adjoining  the  girdle.  The  brilliant  being  thus  completed,  is  set 
with  the  table  side  uppermost,  and  the  collet  side  implanted  in  the  cavity  made  to  receive 
the  diamond.  The  brilliant  is  always  thi-ee  times  as  thick  as  the  rose  diamond.  In 
France,  the  thickness  of  the  brilliant  is  set  off  into  two  unequal  portions ;  one  third  is 
reserved  for  the  upper  part  or  table  of  the  diamond,  and  the  remaining  two  thirds  for  the 
lower  part  or  collet  (culasse).  The  table  has  eight  planes,  and  its  circumference  is  cut 
into  facets,  of  which  some  are  triangles,  and  others  lozenges.  The  collet  is  also  cut  into 
facets  called  pavilions.  It  is  of  consequence  that  the  pavilions  lie  in  the  same  order  as 
the  upper  facets,  and  that  they  correspond  to  each  other,  so  that  the  symmetry  be  perfect, 
for  otherwise  the  play  of  the  light  would  be  false. 

Although  the  rose-diamond  projects  bright  beams  of  light  in  more  extensive  proportion 
often  than  the  brilliant,  yet  the  latter  shows  an  incomparably  greater  play,  from  the  differ- 
ence of  its  cutting.  In  executing  this,  there  are  formed  32  faces  of  different  figures,  and 
inclined  at  different  angles  all  round  the  table,  on  the  upper  side  of  the  stone.  On  the 
collet  (culasse)  24  other  faces  are  made  round  a  small  table,  which  converts  the  culasse 
into  a  truncated  pyramid.  These  24  facets,  like  the  32  above,  are  differently  inclined  and 
present  different  figures.  It  is  essential  that  the  faces  of  the  top  and  the  bottom  corres- 
pond together  in  sufficiently  exact  proportions  to  multiply  the  reflections  and  refractions, 
so  as  to  produce  the  colors  of  the  prismatic  spectrum. 

The  other  precious  stones,  as  well  as  their  artificial  imitations,  called  pastes,  are  cut  in 
the  same  fashion  as  the  brilliant ;  the  only  difi'erence  consists  in  the  matter  constituting 
627  the  wheel  plates,  and  the  grinding  and  polishing  powders, 

as  already  stated. 

In  cutting  the  stones,  they  are  mounted  on  the  cement- 
rod  B,fig.  626,  whose  stem  is  set  upright  in  a  socket  placed 
in  the  middle  of  a  sole  piece  at  a,  which  receives  the  stem 
of  the  cement-rod.     The  head  of  the  rod  fills  the  cup  of  a. 
A  melted  alloy  of  tin  and  lead  is  poured  into  the  head  of  the 
cement-rod,  into  the  middle  of  which  the  stone  is  immediately 
plunged ;  and  whenever  the  solder  has  become  solid,  a  por- 
tion of  it  is  pared  off  from  the  top  of  the  diamond,  to  give 
the  pyramidal  form  shown  in  the  figure  at  b. 
There  is  an  instrument  employed  by  the  steel  polishers  for  pieces  of  clock  work,  and 
by  the  manufacturers  of  watch-glasses  for   polishing  their   edges.      It   consists  of  a 
solid  oaken   table.  Jig.  627.     The  top  is  perforated  with   two  holes,  one  for   passing 
through  the  pulley  and  the  arbor  of  the  wheel-plate  b,  made  either  of  lead  or  of  hard 
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wood,  according  to  circumstances ;  and  the  other  c  for  receiving  the  upper  part  of  the 
arbor  of  the  large  pulley  d.  The  upper  pulley  of  the  wheel  plate  is  supported  by  an  iron 
prop  E,  fixed  to  the  table  by  two  wooden  screws.  The  inferior  pivots  of  the  two  pieces 
are  supported  by  screw-sockets,  working  in  an  iron  screw-nut  sunk  into  the  summer-bar 
F.  The  legs  of  the  table  are  made  longer  or  shorter,  according  as  the  workman  chooses 
to  stand  or  sit  at  his  employment.  Emery  with  oil  is  used  for  grinding  down,  and  tin- 
putty  or  colcothar  for  polishing.  The  workman  lays  the  piece  on  the  flat  of  the  wheel- 
plate  with  one  hand,  and  presses  it  down  with  a  lump  of  cork,  while  he  turns  round  the 
handle  with  the  other  hand. 

The  Sapphire,  Riihy,  Oriental  Amethyst,  Oriental  Emerald,  and  Oriental  Topaz,  are 
gems  next  in  value  and  hardness  to  diamond  ;  and  they  all  consist  of  nearly  pure  alumina 
or  clay,  with  a  minute  portion  of  iron  as  the  coloring  matter.  The  following  analyses 
show  the  affinity  in  composition  of  the  most  precious  bodies  with  others  in  little  relative 
estimation. 


Alumina  or  clay 

Silica      -            -            - 

Oxyde  of  iron    - 

Lime      .            -            - 

1 

Sapphire.             1      Corundum  Stone. 

Emery. 

98-5 
0-0 
1-0 
0-5 

89-50 
5-50 
1-25 
0-00 

86-0 
3-0 
4-0 
0-0 

100-0 

96-25 

93-0 

Salamsfone  is  a  variety  which  consists  of  small  transparent  crystals,  generally  six-sided 
prisms,  of  pale  reddish  and  bluish  colors.  The  corundum  of  Battagammana  is  frequently 
found  in  large  sLx-sided  prisms  :  it  is  commonly  of  a  brown  color,  whence  it  is  called  by 
the  natives  curuniiu  galle,  cinnamon  stone.  The  hair-brown  and  reddish-brown  crystals 
are  called  adamantine  spar.  Sapphire  and  salamstone  are  chiefly  met  with  in  secondary 
repositories,  as  in  the  sand  of  rivers,  &c.,  accompanied  by  crystals  and  grains  of  octahe- 
dral iron-ore  and  of  several  species  of  gems.  Corundum  is  found  in  imbedded  crystals  in 
a  rock,  consisting  of  indianite.     Adamantine  spar  occurs  in  a  sort  of  granite. 

The  finest  varieties  of  sapphire  come  from  Pegu,  where  they  occur  in  the  Capelan 
mountains  near  Syrian.  Some  have  been  found  also  at  Hohenstein  in  Saxony,  Bilin  in 
Bohemia,  Puy  in  France,  and  in  several  other  countries.  The  red  variety,  the  ruby,  is 
most  highly  valued.  Its  color  is  between  a  bright  scarlet  and  crimson.  A  perfect  ruby 
above  3f  carats  is  more  valuable  than  a  diamond  of  the  same  weight.  If  it  weigh  1 
carat,  it  is  worth  10  guineas;  2  carats,  40  guineas;  3  carats,  150  guineas;  6  carats, 
above  1000  guineas.  A  deep  colored  ruby,  exceeding  20  carats  in  weight,  is  generally 
called  a  carbuncle ;  of  which  108  were  said  to  be  in  the  throne  of  the  Great  Mogul, 
weighing  from  100  to  200  carats  each ;  but  this  statement  is  probably  incorrect.  The 
largest  oriental  rub/  known  to  be  in  the  world  was  brought  from  China  to  Prince  Gar- 
garin,  governor  of  Siberia.  It  came  afterwards  into  the  possession  of  Prince  Menzikoff, 
and  constitutes  now  a  jewel  in  the  imperial  crown  of  Russia. 

A  good  blue  sapphire  of  10  carats  is  valued  at  50  guineas.  If  it  weighs  20  carats,  its 
value  is  200  guineas ;  but  under  10  carats,  the  price  may  be  estimated  by  multiplying  the 
square  of  its  weight  in  carats  into  half  a  guinea ;  thus,  one  of  4  carats  would  be  worth 
42  X  2  G.  =  8  guineas.  It  has  been  said  that  the  blue  sapphire  is  superior  in  hardness 
to  the  red,  but  this  is  probably  a  mistake  arising  from  confounding  the  corundum  ruby 
with  the  spinelle  ruby.  A  sapphire  of  a  barbel  blue  color,  weighing  6  carats,  was  dis- 
posed of  in  Paris  by  public  sale  for  701.  sterling  ;  and  another  of  an  indigo  blue,  weighing 
6  carats  and  3  grains,  brought  60/. ;  both  of  which  sums  much  exceed  what  the  preceding 
rule  assigns,  from  which  we  may  perceive  how  far  fancy  may  go  in  such  matters.  The 
sapphire  of  Brazil  is  merely  a  blue  tourmaline,  as  its  specific  gravity  and  inferior  hard- 
ness show.  White  sapphires  are  sometimes  so  pure,  that  when  properly  cut  and  polished 
they  have  been  passed  for  diamonds. 

The  yellow  and  green  sapphires  are  much  prized  under  the  names  of  Oriental  topaz 
and  emerald.  The  specimens  which  exhibit  all  these  colors  associated  in  one  stone  are 
highly  valued,  as  they  prove  the  mineralogical  identity  of  these  varieties. 

Besides  these  shades  of  color,  sapphires  often  emit  a  beautiful  play  of  colors,  or 
chatoiement,  when  held  in  difl^erent  positions  relative  to  the  eye  or  incident  light ;  and 
some  likewise  present  star-like  radiations,  whence  they  are  called  star-stones  or  astcrias ; 
senrlins  forth  6  or  even  12  rays,  that  chan£;e  their  place  with  the  position  of  the  stone. 
This  property,  so  remarkable  in  certain  blue  sapphires,  is  not,  however,  peculiar  to  these 
gems.      It  seems  to  belong  to  transparent   minerals  which   have  a  rhomboid  for  their 


LAPIDARY.  749 

nucleus,  and  arises  from  the  combination  of  certain  circumstances  in  their  cutting  and 
structure.  Lapidaries  often  expose  the  light-blue  variety  of  sapphire  to  the  action  of 
fire,  in  order  to  render  it  white  and  more  brilliant ;  but  with  regard  to  those  found  at 
Expailly,  in  France,  fire  deepens  their  color. 

3.  Chrysobenjl,  called  by  Haiiy,  Cymophane,  and  by  others.  Prismatic  corundum,  ranks 
next  in  hardness  to  sapphire,  being  8-5  on  the  same  scale  of  estimation.  Its  specific  grav- 
ity is  3"754.  It  usually  occurs  in  rounded  pieces  about  the  size  of  a  pea,  but  it  is  also 
found  crystallized  in  many  forms,  of  which  8-sided  prisms  with  8-sided  summits  are  per- 
haps the  most  frequent.  Lustre  vitreous,  color  asparagus  green,  passing  into  greenish- 
white  and  olive-green.  It  shows  a  bluish  opalescence,  a  light  undulating,  as  it  were,  in 
the  stone,  when  viewed  in  certain  directions ;  which  property  constitutes  its  chief  at- 
traction to  the  jeweller.  When  polished,  it  has  been  sometimes  mistaken  for  a  yellow 
diamond ;  and  from  its  hardness  and  lustre  is  considerably  valued.  Good  specimens 
of  it  are  very  rare.  It  has  been  found  only  in  the  alluvial  deposites  of  rivers,  along  with 
other  species  of  gems.  Thus  it  occurs  in  Brazil,  along  with  diamonds  and  prismatic  to- 
paz ;  also  in  Ceylon.  Its  constituents  are  alumina,  68*66 ;  glucina,  16-00  ;  silica,  6-00; 
protoxyde  of  iron,  4-7 ;  oxyde  of  titanium,  2'66 ;  moisture,  0-66 ;  according  to  Seybert's 
analysis  of  a  specimen  from  Brazil.  It  is  dilRcultly  but  perfectly  fusible  before  the  blow- 
pipe, with  borax  and  salt  of  phosphorus.  In  composition  it  ditfers  entirely  from  sapphire, 
or  the  rhombohedral  corundum. 

4.  Spinelle  Ruby,  called  Dodecahedral  corundum,  by  some  mineralogists,  and  Balas 
ruby,  by  lapidaries.  Its  hardness  is  8.  Specific  gravity,  3'523.  Its  fundamental  form  is 
the  hexahedron,  but  it  occurs  crystallized  in  many  secondary  forms :  octahedrons,  tetra- 
hedrons, and  rhombohedrons.  Fracture,  conchoidal ;  lustre,  vitreous  ;  color,  red,  passing 
into  blue  and  green,  yellow,  brown,  and  black ;  and  sometimes  it  is  nearly  white.  Red 
spinelle  consists  of  alumina,  74-5  ;  silica,  15-5 ;  magnesia,  8-25 ;  oxyde  of  iron,  1-5 ;  lime, 
0"75.  Vauquelin  discovered  6*18  per  cent,  of  chromic  acid  in  the  red  spinelle.  The 
red  varieties  exposed  to  heat  become  black  and  opaque ;  on  cooling,  they  appear  first 
green,  then  almost  colorless,  but  at  last  resume  their  red  color.  Pleonaste  is  a  variety 
which  yields  a  deep  green  globule  with  borax. 

Crystals  of  spinelle  from  Ceylon  have  been  observed  imbedded  in  limestone,  mixed 
with  mica,  or  in  rocks  containing  adularia,  which  seem  to  have  belonged  to  a  primitive 
district.  Other  varieties  like  the  pleonaste  occur  in  the  drusy  cavities  of  rocks  ejected 
by  Vesuvius.  Crystals  of  it  are  often  found  in  diluvial  and  alluvial  sand  and  gravel, 
along  with  true  sapphires,  pyramidal  zircon,  and  other  gems  ;  as  also  with  octahedral  iron 
ore,  in  Ceylon.  Blue  and  pearl-gray  varieties  occur  in  Siidermannland,  in  Sweden,  im- 
bedded in  granular  limestone.  Pleonaste  is  met  with  also  in  the  diluvial  sands  of  Cey- 
lon. Clear  and  finely  colored  specimens  of  spinelle  are  highly  prized  as  ornamental 
stones.  When  the  weight  of  a  good  spinelle  exceeds  4  carats,  it  is  said  to  be  valued  at 
half  the  price  of  a  diamond  of  the  same  weight.  M.  Brard  has  seen  one  at  Paris  which 
weighed  215  grains. 

5.  Zircon  or  Hyacinth,  Its  fundamental  form  is  an  isosceles  4-sided  pyramid ;  and 
the  secondary  forms  have  all  a  pyramidal  character.  Fracture,  conchoidal,  uneven ; 
lustre,  more  or  less  perfectly  adamantine  ;  colors,  red,  brown,  yellow,  gray,  green,  white ; 
which,  with  the  exception  of  some  red  tints,  are  not  bright.  Hardness,  7-5.  Specific 
gravity,  4-5.  Zircon  and  hyacinth  consist,  according  to  Klaproth,  of  almost  exactly  the 
same  constituents ;  namely,  zirconia,  70  ;  silica,  25 ;  oxyde  of  iron,  5.  In  the  white 
zirconia  there  is  less  iron  and  more  silica.  Before  the  blowpipe  the  hyacinth  loses  its 
color,  but  does  not  melt.  The  brighter  zircons  are  often  worked  up  into  a  brilliant  form, 
for  ornamenting  watch  cases.  As  a  gem,  hyacinth  has  no  high  value.  It  has  been  often 
confounded  with  other  stones,  but  its  very  great  specific  gravity  makes  it  to  be  readily 
recognised. 

6.  Topaz,  The  fundamental  form  is  a  scalene  4-sided  pyramid;  but  the  secondary 
forms  have  a  prismatic  character ;  and  are  frequently  observed  in  oblique  4-sided  prisms, 
acuminated  by  4  planes.  The  lateral  planes  of  the  prism  are  longitudinally  striated. 
Fractiu-e,  conchoidal,  uneven  ;  lustre,  vitreous ;  colors,  white,  yellow,  green,  blue ;  gen- 
erally of  pale  shades.  Hardness,  8  ;  specific  gravity,  3-5.  Prismatic  topaz  consists,  ac- 
cording to  Berzelius,  of  alumina,  57-45 ;  silica,  34*24 ;  fluoric  acid,  7-75.  In  a  strong 
heat  the  faces  of  crystallization,  but  not  those  of  cleavage,  are  covered  with  small  blis- 
ters, which  however  immediately  crack.  With  borax,  it  melts  slowly  into  a  transparent 
glass.  Its  powder  colors  the  tincture  of  violets  green.  Those  crystals  which  possess 
different  faces  of  crystallization  on  opposite  ends,  acquire  the  opposite  electricities  on 
bein?  healed.     By  friction,  it  acquires  positive  electricity. 

Most  perfect  crystals  of  topaz  have  been  found  in  Siberia,  of  green,  blue,  and  white 
colors,  along  with  beryl,  in  the  Uralian  and  Altai  mountains,  as  also  in  Kamschatka ;  in 
Brazil,  where  they  generally  occur  in  loose  crystals,  and  pebble  forms  of  bright  yel- 
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low  colors;  and  in  Mucla,  in  Asia  Minor,  in  pale  straw-yellow  regular  crystals.  They 
are  also  met  with  in  the  granitic  detritus  of  Cairngorm,  in  Aberdeenshire.  The  blue 
varieties  are  absurdly  called  oriental  aquamarine,  by  lapidaries.  If  exposed  to  heat,  the 
Saxon  topaz  loses  its  color  and  becomes  white ;  the  deep  yellow  Brazilian  varieties  as- 
sume a  pale  pink  hue  ;  and  are  then  sometimes  mistaken  for  spineUe,  to  which,  however, 
they  are  somewhat  inferior  in  hardness.  Topaz  is  also  distinguishable  by  its  double 
refractive  property.  Tavcrnier  mentions  a  topaz,  in  the  possession  of  the  Great  Mogul, 
which  weighed  157  carats,  and  cost  20,000/.  sterling.  There  is  a  specimen  in  the  museum 
of  natural  history  at  Paris  which  weighs  4  ounces  2  gros. 

Topazes  are  not  scarce  enough  to  be  much  valued  by  the  lapidary. 

7.  Emerald  and  Beryl  are  described  in  their  alphabetical  places.  Emerald  loses  its 
lustre  by  candle-light ;  but  as  it  appears  to  most  advantage  when  in  the  company  of  dia- 
monds, it  is  frequently  sunounded  with  brilliants,  and  occasionally  with  pearls.  Beryl  is 
the  aquamarine  of  the  jewellers,  and  has  very  little  estimation  among  lapidaries. 

8.  Garnet.     See  this  stone  in  its  alphabetical  place. 

9.  Chrysolite,  called  Peiidot,  by  Haliy ;  probably  the  topaz  of  the  ancients,  as  our  topaz 
was  their  chrysolite.  It  is  the  softest  of  the  precious  stones,  being  scratched  by  quartz 
and  the  file.     It  refracts  double. 

10.  Quartz,  including,  as  sub-species,  Amethyst,  Rock-crystal,  Rose-quartz,  Prase,  or 
Chrysoprase,  and  several  varieties  of  calcedony,  as  Cat's-eye,  Plasma,  Chrysoprase,  Onyx, 
Sardonyx,  &.C.  Lustre,  vitreous,  inclining  sometimes  to  resinous;  colors,  very  various ; 
fracture,  conchoidal ;  hardness,  7  ;  specific  gravity,  2-69. 

11.  O/Ja/,  or  uncleavable  quartz.  Fracture,  conchoidal ;  lustre,  vitreous  or  resinous; 
colors,  white,  yellow,  red,  brown,  green,  gray.  Lively  play  of  light ;  hardness,  5*5  to 
6*5;  specific  gravity,  2-091.  It  occurs  in  small  kidney-shaped  and  stalactitic  shapes, 
and  large  tuberose  concretions.  The  phenomena  of  the  play  of  colors  in  precious 
opal  has  not  been  satisfactorily  explained.  It  seems  to  be  connected  with  the  regular 
structure  of  the  mineral.  Hydrophane,  or  oculis  mundi,  is  a  variety  of  opal  without 
transparency,  but  acquiring  it  when  immersed  in  water,  or  in  any  transparent  fluid. 
Precious  opal  was  found  by  Klaprolh  to  consist  of  silica,  90 ;  water,  10 ;  which  is  a 
very  curious  combination.  Hungary  has  been  long  the  only  locality  of  precious  opal, 
where  it  occurs  near  Caschau,  along  with  common  and  semi-opal,  in  a  kind  of  porphyry. 
Fine  varieties  have,  however,  been  lately  discovered  in  the  Faroe  islands ;  and  most  beau- 
tiful ones,  sometimes  quite  transparent,  near  Gracias  a  Dios,  in  the  province  of  Hondu- 
ras, America.  The  red  and  yellow  bright  colored  varieties  of  fire-opal  are  found  near 
Zimapan,  in  Mexico.  Precious  opal,  when  fashioned  for  a  gem,  is  generally  cut  with  a 
convex  surface ;  and  if  large,  pure,  and  exhibiting  a  bright  play  of  colors,  is  of  consid- 
erable value.  In  modern  times,  fine  opals  of  moderate  bulk  have  been  frequently  sold 
at  the  price  of  diamonds  of  equal  size  :  the  Turks  being  particularly  fond  of  them.  The 
estimation  in  which  opal  was  held  by  the  ancients  is  hardly  credible.  They  called  it 
Paideros,  or  Child  beautiful  as  love.  Nonius,  the  Roman  senator,  preferred  banishment 
to  parting  with  his  favorite  opal,  which  was  coveted  by  Mark  Antony.  Opal  which  ap- 
pears quite  red  when  held  against  the  light,  is  called  girasol  by  the  French;  a  name  also 
given  to  the  sapphire  or  corundum  asterias  or  star-stone. 

12.  Turquois  or  Calaite.  Mineral  turquois  occurs  massive;  fine-grained,  impalpable ; 
fracture,  conchoidal ;  color,  between  a  blue  and  a  green,  soft,  and  rather  bright ;  opaque ; 
hardness,  6  ;  spec,  grav.,  283  to  3-0.  Its  constituents  are  alumina,  73  ;  oxyde  of  copper, 
4-5;  oxyde  of  iron,  4  ;  water,  18;  according  to  Dr.  John.  But  by  Berzelius,  it  consists 
of  phosphate  of  alumina  and  lime,  silica,  oxydes  of  copper,  and  iron,  with  a  little  water. 
It  has  been  found  only  in  the  neighborhood  of  Nichabour  in  the  Khorassan,  in  Persia ; 
and  is  very  highly  prized  as  an  ornamental  stone  in  that  country.  There  is  a  totally  dif- 
ferent kind  of  turquois,  called  hone  turquois,  which  seems  to  be  phosphate  of  lime  colored 
with  oxyde  of  copper.  When  the  oriental  stone  is  cut  and  polished,  it  forms  a  pleasing 
gem  of  inferior  value.  Malachite,  or  mountain  green,  a  compact  carbonate  of  copper, 
has  been  substituted  sometimes  for  turquois,  but  their  shades  are  different.  Malachite 
yields  a  green  streak,  and  turquois  a  white  one. 

13.  Lapis  lazuli  is  of  little  value,  on  account  of  its  softness. 

LEAD  (Plomb,  Fr. ;  Blei,  Germ.).  This  is  one  of  the  metals  most  anciently  known, 
being  mentioned  in  the  books  of  Moses.  It  has  a  gray-blue  color,  with  a  bright 
metallic  lustre  when  newly  cut,  but  it  becomes  soon  tarnished  and  earthy  looking  in  the 
air.  Its  texture  is  close,  without  perceptible  cleavage  or  appearance  of  structure  ;  the 
specific  gravity  of  common  lead  is  11 -352;  but  of  the  pure  metal,  from  11-38  to 
11-44.  It  is  very  malleable  and  ductile,  but  soft  and  dea!,;tute  of  elasticity ;  fusible 
at  612°  Fahr.,  by  Crighton,  at  634°  by  Kupfer,  and  crystallizable  on  cooling,  into 
octahedrons  implanted  into  each  other  so  as  to  form  an  assemblage  of  four-sided 
pyramids. 
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There  are  four  oxydes  of  lead.  1.  The  suboxyde,  of  a  grayish-blue  color,  which 
forms  a  kind  of  crust  upon  a  plate  of  lead  long  exposed  to  the  air.  It  is  procured  in  a 
perfect  state  by  calcining  oxalate  of  lead  in  a  retort ;  the  dark  gray  powder  which  re- 
mains, is  the  pure  suboxyde.  2.  The  protoxyde  is  obtained  by  exposing  melted  lead  to 
the  atmosphere,  or,  more  readily,  by  expelling  the  acid  from  the  nitrate  of  lead  by  heat  in 
a  platinum  crucible.  It  is  yellow,  and  was  at  one  time  prepared  as  a  pigment  by  cal- 
cining lead  ;  but  is  now  superseded  by  the  chromate  of  this  metal.  Litharge  is  merely 
this  oxyde  in  the  form  of  small  spangles,  from  having  undergone  fusion ;  it  is  more  or 
less  contaminated  with  iron,  copper,  and  sometimes  a  little  silver.  It  contains  likewise  • 
some  carbonic  acid.  The  above  oxyde  consists  of  104  of  metal,  and  8  of  oxygen,  its 
prime  equivalent  being  112,  upon  the  hydrogen  scale;  and  it  is  the  base  of  all  the  salts 
of  lead.  3.  The  plumbeous  suroxyde  of  Berzelius,  the  sesquioxyde  of  some  British  chem- 
ists, is  the  well-known  pigment  called  red  lead  or  minium.  It  consists  of  100  parts  of 
metal  and  10  of  oxygen.  4.  The  plumbic  suroxyde  of  Berzelius,  or  the  peroxyde  of  the 
British  chemists,  is  obtained  by  putting  red  lead  in  chlorine  water,  or  in  dilute  nitric  acid. 
It  is  of  a  dark  brown,  almost  black  color,  which  gives  out  oxygen  when  heated,  and  be- 
comes yellow  oxyde.  It  kindles  sulphur  when  triturated  with  it.  This  oxyde  is  used  by 
the  analytical  chemist  to  separate,  by  condensation,  the  sulphurous  acid  existing  in  a 
gaseous  mixture. 

Among  the  ores  of  lead  some  have  a  metallic  aspect ;  are  black  in  substance,  as 
well  as  when  pulverized ;  others  have  a  stony  appearance,  and  are  variously  colored, 
with  usually  a  vitreous  or  greasy  lustre.  The  specific  gravity  of  the  latter  ores  is 
always  less  than  5.  The  whole  of  them,  excepting  the  chloride,  become  more  or  less 
speedily  black,  with  sulphureted  hydrogen  or  with  liydrosulphurets ;  and  are  easily 
reduced  to  the  metallic  state  upon  charcoal,  with  a  flux  of  carbonate  of  soda,  after  they 
have  been  properly  roasted.  They  diflTuse  a  whitish  or  yellowish  powder  over  the 
charcoal,  which,  according  to  the  manner  in  which  the  flame  of  the  blowpipe  is  directed 
upon  it,  becomes  yellow  or  red ;  thus  indicating  the  two  characteristic  colors  of  the  oxydes 
of  lead. 

We  shall  not  enter  here  into  the  controversy  concerning  the  existence  of  native  lead, 
which  has  been  handled  at  length  by  M.  Brongniart  in  the  Dictionnaire  des  Sciences  Nat- 
urelles,  article  Plomb,  Mineralogic. 

The  lead  ores  most  interesting  to  the  arts  are  : — 

1.  Galena,  sulphuret  of  lead.  This  ore  has  the  metallic  lustre  of  lead  with  a  crystal- 
line structure  derivable  from  the  cube.  When  heated  cautiously  at  the  blowpipe  it  is 
decomposed,  the  sulphur  flies  off,  and  the  lead  is  left  alone  in  fusion ;  but  if  the  heat  be 
continued,  the  colored  surface  of  the  charcoal  indicates  the  conversion  of  the  lead  into 
its  oxydes.  Galena  is  a  compound  of  lead  and  sulphur,  in  equivalent, proportions,  and 
therefore  consists,  in  100  parts,  of  86^  of  metal,  and  13i  of  sulphur,  with  which  numbers 
the  analysis  of  the  galena  of  Clausthal  by  Westrumb  exactly  agrees.  Its  specific  grav- 
ity, when  pure,  is  7-56.  Its  color  is  blackish  gray,  without  any  shade  of  red,  and  its  pow- 
der is  black,  characters  which  distinguish  it  from  blende  or  sulphuret  of  zinc.  Its  struc- 
ture in  mass  is  lamellar,  passing  sometimes  into  the  fibrous  or  granular,  and  even  compact. 
It  is  brittle.  The  specular  galena,  so  called  from  its  brightly  polished  aspect,  is  remark- 
able for  forming  the  slickensides  of  Derbyshire — thin  seams,  which  explode  with  a  loud 
noise  when  accidentally  scratched  in  the  mine. 

The  argentiferous  galena  has  in  general  all  the  external  characters  of  pure  galena. 
The  proportions  of  silver  vary  from  one  fifth  part  of  the  whole,  as  at  Tarnowitz,  in  Sile- 
sia, to  three  parts  in  ten  thousand,  as  in  the  ore  called  by  the  German  miners  Weisgiilti- 
gerz ;  but  it  must  be  observed,  that  whenever  this  lead  ore  contains  above  5  per  cent,  of 
silver,  several  other  metals  are  associated  with  it.  The  mean  proportion  of  silver  in 
galena,  or  that  which  makes  it  be  considered  practically  as  an  argentiferous  ore,  because 
the  silver  may  be  profitably  extracted,  is  about  two  parts  in  the  thousand.  See  Silver. 
The  above  rich  silver  ores  were  first  observed  in  the  Freyberg  mines,  called  Himmels- 
furst  and  Beschertgluck,  combined  with  sulphuret  of  antimony;  but  they  have  been  no- 
ticed since  in  the  Hartz,  in  Mexico,  and  several  other  places. 

The  antimonial  galena  (Bouriionite)  exhales  at  the  blowpipe  the  odor  peculiar  "to  anti- 
mony, and  coats  the  charcoal  with  a  powder  partly  white  and  partly  red.  It  usually  con- 
tains some  arsenic. 

2.  The  Seleniuret  of  lead  resembles  galena,  but  its  tint  is  bluer.  Its  chemical  char- 
acters are  the  only  ones  which  can  be  depended  on  for  distinguishing  it.  At  the 
blowpipe  it  exhales  a  very  perceptible  smell  of  putrid  radishes.  Nitric  acid  liberates 
the  selenium.  When  heated  in  a  tube,  oxyde  of  selenium  of  a  carmine  red  rises  along 
with  selenic  acid,  white  and  deliquescent.  The  specific  gravity  of  this  ore  varies  from 
6-8  to  7-69. 

3.  Native  minimn  or  red  lead  has  an  earthy  aspect,  of  a  lively  and  nearly  pure  red 
color,  but  sometimes  inclining  to  orange.      It  occurs  pulverulent,  and  also  compact. 
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with  a  fracture  somewhat  lameUar.  When  heated  at  the  blowpipe  upon  charcoal,  it  is 
readily  reduced  to  metallic  lead.  Its  specific  gravity  varies  from  4-6  to  8*9.  This  ore 
is  rare. 

4.  Plomb-gomme. — This  lead  ore,  as  singular  in  appearance  as  in  composition,  is 
of  a  dirty  brownish  or  orange-yellow,  and  occurs  under  the  form  of  globular  or  gum-like 
concretions.  It  has  also  the  lustre  and  translucency  of  gum ;  with  somewhat  of  a 
pearly  aspect  at  times.  It  is  harder  than  fluor  spar.  It  consists  of  oxyde  of  lead,  40 ; 
alumina,  37;  water,  18-8;  foreign  matters  and- loss,  4-06 ;  in  100.  Hitherto  it  has 
been  found  only  at  Huelgoet,  near  PouUaouen,  in  Brittany,  covering  with  its  tears  or 
small  concretions  the  ores  of  white  lead  and  galena  which  compose  the  veins  of  that 
lead  mine. 

5.  White  lead,  carbmtate  of  lead. — This  ore,  in  its  purest  state,  is  colorless  and  trans- 
parent like  glass,  with  an  adamantine  lustre.  It  may  be  recognised  by  the  following 
oharacters : — 

Its  specific  gravity  is  from  6  to  6-7  ;  it  dissolves  with  more  or  less  ease,  and  with 
eflervescence,  in  nitric  acid  ;  becomes  immediately  black  by  the  action  of  suliihureted 
hydrogen,  and  melts  on  charcoal  before  the  blowpipe  into  a  button  of  lead.  According  to 
Klaproth,  the  carbonate  of  Leadhills  contains  82  parts  of  oxyde  of  lead,  and  16  of  car- 
bonic acid,  in  98  parts.  This  mineral  is  tender,  scarcely  scratches  calc-spar,  and  breaks 
easily  Avith  a  waved  conchoidal  fracture.  It  possesses  the  double  refracting  property  in  a 
very  high  degree  ;  the  double  image  being  very  visible  on  looking  through  the  flat  faces 
of  the  prismatic  crystals.  Its  crystalline  forms  are  very  numerous,  and  are  referrible  to 
the  octahedron,  and  the  pyramidal  prism. 

6.  Vitreous  lead,  or  sulphate  of  lead. — This  mineral  closely  resembles  caibonate  of 
lead ;  so  that  the  external  characters  are  inadequate  to  distinguish  the  two.  But  the 
following  are  sufficient.  When  pure,  it  has  the  same  transparency  and  lushe.  It  does 
not  effervesce  with  nitric  acid  ;  it  is  but  feebly  blackened  by  sulphureted  hydrogen ;  it 
first  decrepitates  and  then  melts  before  the  blowpipe  into  a  transparent  glass,  which  be- 
comes milky  as  it  cools.  By  the  combined  action  of  heat  and  charcoal,  it  passes  first  into 
a  red  pulverulent  oxyde,  and  then  into  metallic  lead.  It  consists,  according  to  Klaproth, 
of  71  oxyde  of  lead,  25  sulphuric  acid,  2  water,  and  1  iron.  That  specimen  was  from 
Anglesea  ;  the  Wanlockhead  mineral  is  free  from  iron.  The  prevailing  form  of  crystal- 
lization is  the  rectangular  octahedron,  whose  angles  and  edges  are  variously  modified. 
The  sulphato-carbonate,  and  sulphato  tri-carbonate  of  lead,  now  called  Leadhillite,  are 
rare  minerals  which  belong  to  this  head. 

7.  Phosphate  of  lead. — This,  like  all  the  combinations  of  lead  with  an  acid,  exhibits  no 
metallic  lustre,  but  a  variety  of  colors.  Before  the  blowpipe  upon  charcoal,  it  melts  into 
a  globule  externally  crA'stalline,  which,  by  a  continuance  of  the  heat,  with  the  addition  of 
iron  and  boracic  acid,  affords  metallic  lead.  Its  constituents  are  80  oxyde  of  lead,  18  phos- 
phoric acid,  and  1-6  muriatic  acid,  according  to  Klaproth's  analysis  of  the  mineral  from 
Wanlockhead.  The  constant  presence  of  muriatic  acid  in  the  various  specimens  exam- 
ined is  a  remarkable  circumstance.  The  crystalline  forms  are  derived  from  an  obtuse 
rhomboid.  Phosphate  of  lead  is  a  little  harder  than  white  lead  ;  it  is  easily  scratched, 
and  its  powder  is  always  gray.  Its  specific  gravity  is  6'9.  It  has  a  vitreous  lustre,  some- 
what adamantine.  Its  lamellar  texture  is  not  very  distinct ;  its  fracture  is  wavy,  and  it 
is  easily  fransible.  The  phosphoric  and  arsenic  acids  being,  according  to  M.  Mitscher- 
lich,  isomorphous  bodies,  may  replace  each  other  in  chemical  combinations  in  every  pro- 
portion, so  that  the  phosphate  of  lead  may  include  any  proportion,  from  the  smallest  frac- 
tion of  arsenic  acid  to  the  smallest  fraction  of  phosphoric  acid,  thus  graduating  indefi- 
nitely into  arseniale  of  lead.  The  yellowish  variety  indicates,  for  the  most  part,  the 
presence  of  arsenic  acid. 

8.  Muriate  of  lead.  Horn-lead,  or  vmrio-carho^iate. — This  ore  has  a  ]iale  yellow  color, 
is  reducible  to  metallic  lead  by  the  agency  of  soda,  and  is  not  altered  by  the  hydrosul- 
phurets.  At  the  blowpipe  it  melts  first  into  a  pale  yellow  transparent  globule,  with  salt 
of  phosphorus  and  oxyde  of  copper;  and  it  manifests  the  presence  of  muriatic  acid  by  a 
bluish  flame.  It  is  frasile,  tender,  softer  than  carbonate  of  lead,  and  is  sometimes  almost 
colorless,  with  an  adamantine  lustre.  Spec,  grav.,  606.  Its  constituents,  according  to 
Berzelius,  are  lead,  25-84  ;  oxyde  of  lead,  57-07  ;  carbonate  of  lead,  6-25;  chlorine,  8-84; 
silica,  1-46;  water,  0-54  ;  in  100  parts.  The  carbonate  is  an  accidental  ingredient,  not 
bein?  in  equivalent  proportion.  Klaproth  found  chlorine,  13-67 ;  lead,  39-98  ;  oxyde  of 
lead,  22-57 ;  carbonate  of  lead,  23-78. 

9.  .^rseniate  of  lead. — Its  color  of  a  pretty  pure  yellow,  bordering  slightly  on  the 
greenish,  and  its  property  of  exhaling  by  the  joint  action  of  fire  and  charcoal  a  very 
distinct  arsenical  odor,  are  the  only  characters  which  distinguish  this  ore  from  the  phos- 
phate of  lead.  The  form  of  the  arseniate  of  lead,  when  it  is  crystallized,  is  a  prism  with 
six  faces,  of  the  same  dimensions  as  that  of  phosphate  of  lead.  When  pure,  it  is  redu- 
cible upon  charcoal,  before  the  blowpipe,  into  metallic  lead,  with  the  copious  exhalation 
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of  arsenical  fumes ;  but  only  in  part,  and  leaving  a  crystalline  globule,  when  it  contains 
any  phosphate  of  lead.  The  arseniate  of  lead  is  tender,  friable,  sometimes  even  pulve- 
rulent, and  of  specific  gravity  5*04.  'f  hat  of  Johann-Georgenstadt  consists,  according  to 
Rose,  of  oxyde  of  lead  77*5;  arsenic  acid  12-5;  phosphoric  acid  7-5,  and  muriatic 
acid  1*5. 

10.  Red  lead,  or  Chromate  of  lead. — This  mineral  is  too  rare  to  require  consideration 
in  the  present  work. 

11.  Plomb  vauquelinite.     Chromate  of  lead  and  copper. 

12.  Yellow  lead.     Molybdate  of  lead. 

13.  Tungstate  of  had. 

Having  thus  enumerated  the  several  species  of  lead  ore,  we  may  remark,  that  galena 
is  the  only  one  which  occurs  in  sufficiently  great  masses  to  become  the  object  of  mining 
and  metallurgy.  This  mineral  is  found  in  small  quantity  among  the  crystalline  primitive 
rocks,  as  granite.  It  is  however  among  the  oldest  talc-schists  and  clay  slates,  that  it  usu- 
ally occurs.  But  galena  is  much  more  abundant  among  the  transition  rocks,  being  its 
principal  locality,  where  it  exists  in  interrupted  beds,  masses,  and  more  rarely  in  veins. 
The  blackish  transition  limestone  is  of  all  rocks  that  which  contains  most  galena;  as  at 
Pierreville  in  Normandy ;  at  Clausthal,  Zellerfeldt,  and  most  mines  of  the  Harz  ;  at  Fahlun, 
in  Sweden  ;  in  Derbyshii'e  and  Northumbeiland,  &c.  In  the  transition  graywacke  of  the 
south  of  Scotland,  the  galena  mines  of  Leadhills  occur.  The  galena  of  the  primitive 
formations  contains  more  silver  than  that  of  the  calcareous. 

The  principal  lead  mines  at  present  worked  in  the  world,  are  the  following:  1. 
PouUaouen  and  Huelgoet  near  Carhaix  in  France,  department  of  Finisterre,  being  veins 
of  galena,  which  traverse  a  clay  slate  resting  upon  granite.  They  have  been  known  for 
upwards  of  three  centuries ;  the  workings  penetrate  to  a  depth  of  upwards  of  300  yards, 
and  in  1816  furnished  500  tons  of  lead  per  annum,  out  of  which  1034  pounds  avoirdu- 
pois of  silver  were  extracted.  2.  At  Villeforte  and  Viallaz,  department  of  the  Lozere. 
are  galena  mines  said  to  produce  100  tons  of  lead  per  annum,  with  400  kilogrammes  of 
silver  (880  lbs.  avoird.).  3.  At  Pezey  and  Macot,  to  the  east  of  Moutiers  in  Savoy,  a 
galena  mine  exists  in  talc-schist,  which  has  produced  annually  200  tons  of  lead,  and 
about  600  kilogrammes  of  .silver  (1320  lbs.  avoiid.).  4.  The  mine  of  Vedrin,  near 
Namur  in  the  Low  Countries,  is  opened  upon  a  vein  of  galena,  traversing  compact  lime- 
stone of  a  transition  district ;  it  has  furnished  200  tons  of  lead,  from  Avhich  385  pounds 
avoird.  of  silver  were  extracted.  5.  In  Saxony  the  galena  mines  are  so  rich  in  silver  as 
to  make  the  lead  be  almost  overlooked.  They  are  enumerated  under  silver  ores.  6.  The 
lead  mines  of  the  Harz  have  been  likewise  considered  as  silver  ores.  7.  Those  of  Bley- 
berg  in  the  Eifel  are  in  the  same  predicament.  8.  The  galena  mines  of  Bleyberg  and 
Villach  in  Carinthia,  in  compact  limestone.  9.  In  Bohemia,  to  the  south-west  of  Prague. 
10.  The  mines  of  Joachimsthal,  and  Bleystadt,  on  the  southern  slope  of  the  Erzgebirge, 
produce  argentiferous  galena.  11.  There  are  numerous  lead  mines  in  Spain,  the  most 
important  being  in  the  granite  hills  of  Linares,  upon  the  southern  slope  of  the  Sierra 
Morena,  and  in  the  district  of  the  small  town  of  Canjagar.  Sometimes  enormous  masses 
of  galena  are  extracted  from  the  mines  of  Linares.  There  are  also  mines  of  galena  in 
Catalonia,  Grenada,  Murcia,  and  Almeria,  the  ore  of  the  last  locality  being  generally  poor 
in  silver.  12.  The  lead  mines  of  Sweden  are  very  argentiferous,  and  worked  chiefly  with 
a  view  to  the  silver.  13.  The  lead  mines  of  Daouria  are  numerous  and  rich,  lying  in  a 
transition  limestone,  which  rests  on  primitive  rocks  ;  their  lead  is  neglected  on  account 
of  the  silver. 

14.  Of  all  the  countries  in  the  world,  Great  Britain  is  that  which  annually  produces  the 
greatest  quantity  of  lead.  According  to  M.  Villefosse,  in  his  Richesse  Minerale,  published 
in  1810,  we  had  furnished  every  year  12,500  tons  of  lead,  whilst  all  the  rest  of  Europe 
taken  together,  did  not  produce  so  much ;  but  from  more  recent  documents,  that  estimate 
seems  to  have  been  too  low.  Mr.  Taylor  has  rated  the  total  product  of  the  United  King- 
dom per  annum  at  31,900  tons,  a  quantity  fully  2|  times  greater  than  the  estimate  of 
Villefosse  (see  Conybeare  and  Phillips's  Geology,  p.  354).  Mr.  Taylor  distributes  this 
product  among  the  different  districts  as  follows : — 

Tons. 

Wales,  (Flintshire  and  Denbigshire)         ----..  7,500 

Scotland,  (in  transition  graywacke) 2,800 

Durham,  Cumberland,  and  Yorkshire,  (in  carboniferous  lime)    -        -  19,000 

Derbyshire,  (probably  in  carboniferous  lime)           ....  1,000 

Shropshire 800 

Devon  and  Cornwall,  (transition  and  primitive  rocks)    -        -        -  800 

Total 31,900 

We  thus  see  that  Cumberland,  and  the  adjacent  parts  of  the  counties  of  Durham  and 
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York,  furnish  of  themselves  nearly  three  fifths  of  the  total  product.  Derbyshire  was 
formerly  much  more  productive.  In  Cornwall  and  Devonshire,  the  lead  ore  is  found  in 
veins  in  killas,  a  clay-slate  passing  into  graywacke.  In  North  Wales  and  the  adjacent 
counties,  as  well  as  in  Cumberland  and  Derbyshire,  the  lead  occurs  in  the  carboniferous 
limestone. 

The  English  lead-miners  distinguish  three  different  kinds  of  deposites  of  lead  ore ; 
rake-veins,  pipe-veins,  and  flat-veins.  The  English  word  vein  corresponds  to  the  French 
term  filrni;  but  miners  make  use  of  it  indifferently  in  England  and  France,  to  indicate 
all  the  deposites  of  this  ore,  adding  an  epithet  to  distinguish  the  different  forms ;  thus, 
rake  veins  are  true  veins  in  the  geological  acceptation  of  the  word  vein ;  pipe-veins  are 
masses  usually  very  narrow,  and  of  oblong  shape,  most  frequently  parallel  to  the  plane 
of  the  rocky  strata  ;  and  flat-veins  are  small  beds'  of  ores  interposed  in  the  middle  of 
these  strata. 

Rake-veins  are  the  most  common  form  in  which  lead  ore  occurs  in  Cumberland. 
They  are  in  general  narrower  in  the  sandstone  which  covers  the  limestone,  than  in  the 
calcareous  beds.  A  thickness  of  less  than  a  foot  in  the  former,  becomes  suddenly  3  or 
4  feet  in  the  latter ;  in  the  rich  vein  of  Hudgillburn,  the  thickness  is  17  feet  in  the 
Great  limestone,  while  it  does  not  exceed  3  feet  in  the  overlymg  Watersill  or  sandstone. 
This  influence  exercised  on  the  veins  by  the  nature  of  the  enclosing  rock,  is  instructive ; 
it  determines  at  the  same  time  almost  uniformly  their  richness  in  lead  ore,  an  observation 
similar  to  what  has  been  made  in  other  countries,  especially  in  the  veins  of  Kongsburg 
in  Norway.  The  Cumberland  veins  are  constantly  richer,  the  more  powerful  they  are,  in 
the  portions  which  traverse  the  calcareous  rocks,  than  in  the  beds  of  sandstone,  and  more 
particularly  the  schistose  rocks.  It  is  rare  in  the  rock  called  plate  (a  solid  slaty  clay) 
for  the  vein  to  include  any  ore ;  it  is  commonly  filled  with  a  species  of  potter's  earth. 
The  upper  calcareous  beds  are  also  in  general  more  productive  than  the  lower  ones.  In 
most  of  these  mines,  the  veins  were  not  worked  till  lately  below  the  fifth  calcareous  bed 
(the  four-fathom  limestone),  which  is  307  yards  beneath  the  mill-stone  grit ;  and  as  the 
first  limestone  stratum  is  108  yards  beneath  it,  it  follows  that  the  thickness  of  the  part 
of  the  ground  where  the  veins  are  rich  in  lead  does  not  in  general  exceed  200  yards.  It 
appears  however  that  veins  have  been  mined  in  the  neighborhood  of  Alston  Moor,  down- 
wards to  the  eleventh  calcareous  stratum,  or  Tyne  bottom  limestone,  which  is  418  yards 
'under  the  millstone-grit  of  the  coal  formation,  immediately  above  the  whin-sill;  and  that 
they  have  been  followed  above  the  first  limestone  stratum,  as  high  as  the  grindstone  sill, 
which  is  only  83  yards  below  the  same  stratum  of  mill-stone  grit ;  so  that  in  the  total 
thickness  of  the  plumbiferous  formation  there  is  more  than  336  yards.  It  has  been 
asserted  that  lead  veins  have  been  traced  even  further  down,  into  the  Memerby  scar  lime- 
stone ;  but  they  have  not  been  mined. 

The  greatest  enrichment  of  a  vein  takes  place  commonly  in  the  points  where  its  two 
sides,  being  not  far  asunder,  belong  to  the  same  rock  ;  and  its  impoverishment  occurs 
when  one  side  is  calcareous  and  the  other  a  schistose  clay.  The  minerals  which  most 
frequently  accompany  the  galena,  are  carbonate  of  lime,  fluate  of  lime,  sulphate  of 
bar\ta,  quartz,  and  pyrites. 

The  pipe-veins  (amis  in  French)  are  seldom  of  great  length  ;  but  some  have  a  con- 
siderable width ;  their  composition  being  somewhat  similar  to  that  of  the  rake-veins. 
They  meet  commonly  in  the  neighborhood  of  the  two  systems,  sometimes  being  in  evident 
communication  together ;  they  are  occasionally  barren ;  but  when  a  wide  pipe-vein  is 
metalliferous,  it  is  said  to  be  very  productive. 

The  flat  veijis,  or  strata  veins,  seem  to  be  nothing  else  than  expansions  of  the  matter 
of  the  vein  between  the  planes  of  the  strata ;  and  contain  the  same  ores  as  the  veins  in 
their  vicinity.  When  they  are  metalliferous,  they  are  worked  along  with  the  adjacent 
rake  vein  ;  and  are  productive  to  only  a  certain  distance  from  that  vein,  unless  they  get 
enriched  by  crossing  a  rake  vein.  Some  examples  have  been  adduced  of  advantageous 
workings  in  flat  veins  in  the  great  limestone  of  Cumberland,  particularly  in  the  mines  of 
Coalcleugh  and  Nenthead.  The  rake  veins,  however,  furnish  the  greater  part  of  the 
lead  which  Cumberland  and  the  adjacent  counties  send  every  year  into  the  market.  Mr. 
Forster  gives  a  list  of  lfi5  lead  mines,  which  have  been  formerly,  or  are  now,  worked  in 
that  district  of  the  kingdom. 

The  metalliferous  limestone  occupies,  in  Derbyshire,  a  length  of  about  25  miles  from 
north-west  to  south-east,  under  a  very  variable  breadth,  which  towards  the  south, 
amounts  to  25  miles.  Castleton  to  the  north,  Buxton  to  the  north-west,  and  Matlock 
to  the  south-east,  lie  nearly  upon  its  limits.  It  is  surrounded  on  almost  all  sides  by  the 
mUl-stone  grit  which  covers  it,  and  which  is,  in  its  turn,  covered  by  the  coal  strata. 
The  nature  of  the  rocks  beneath  the  limestone  is  not  known.  In  Cumberland  the 
metalliferous  limestone  includes  a  bed  of  trap,  designated  under  the  name  of  whinsill. 
In  Derbyshire  the  trap  is  much  more  abundant,  and  it  is  thrice  interposed  between  the 
limestone.    These  two  rocks  constitute  of  themselves  the  whole  mineral  mass,  through  a 


LEAD.  755 

thickness  of  about  550  yards,  measuring  from  the  millstone  grit ;  only  in  the  upper  portion, 
that  is,  near  the  millstone  grit,  there  is  a  pretty  considerable  thickness  of  argillo-calcareous 
schists. 

Four  great  bodies  or  beds  of  limestone  are  distinguishable,  which  alternate  with  three 
masses  of  trap,  called  toadstone.  The  lead  veins  exist  in  the  calcareous  strata,  but  disap- 
pear at  the  limits  of  the  toadstone.  It  has  now  been  ascertained,  however,  that  they  re- 
cur in  the  limestone  underneath. 

Treatment  of  the  Ores  of  Lead. 
The  mechanical  operations  performed  upon  the  lead  ores  in  Great  Britain,  to  bring  them 
to  the  degree  of  purity  necessary  for  their  metallurgic  treatment,  may  be  divided  into  three 
classes,  whose  objects  are, — 

1.  The  sorting  and  cleansing  of  the  ores ; 

2.  The  grinding  ; 

3.  The  washing,  properly  so  called. 

The  apparatus  subservient  to  the  first  objects  are  sieves,  running  buddies,  and  gratings. 
The  large  sieves  employed  in  Derbyshire  for  sorting  the  ore  at  the  mouth  of  the  mine, 
into  coarse  and  fine  pieces,  is  a  wire  gauze  of  iron  ;  its  meshes  are  square,  and  an  inch 
long  in  each  side.  There  is  a  lighter  sieve  of  wire  gauze,  similar  to  the  preceding,  for 
washing  the  mud  from  the  ore,  by  agitating  the  fragments  in  a  tub  filled  with  water. 
But  in  Derbyshire,  instead  of  using  this  sieve,  the  pieces  of  ore  are  sometimes  merely 
stirred  about  with  a  shovel,  in  a  trough  filled  with  water.  This  is  called  a  standing  huddle ; 
a  most  defective  plan. 

The  running  huddle  serves  at  once  to  sort  and  cleanse  the  ore.  It  consists  of  a  plane 
surface  made  of  slabs  or  planks,  very  slightly  inclined  forwards,  and  provided  behind 
and  on  the  sides  with  upright  ledges,  the  back  one  having  a  notch  to  admit  a  stream  of 
water.  The  ore  is  merely  stirred  about  with  a  shovel,  and  exposed  on  the  slope  to  the 
stream.  For  this  apparatus,  formerly  the  only  one  used  at  the  mines  of  Alston  Moor, 
the  following  has  been  substituted,  called  the  grate.  It  is  a  grid,  composed  of  square 
bars  of  iron,  an  inch  thick,  by  from  24  to  32  inches  long,  placed  horizontally,  and 
parallelly  to  each  other,  an  inch  apart.  There  is  a  wooden  canal  above  the  grate,  which 
conducts  a  stream  of  water  over  its  middle  ;  and  an  inclined  plane  is  set  beneath  it,  which 
leads  to  a  hemispherical  basin,  about  24  inches  in  diameter,  for  collecting  the  metallic 
powder  washed  out  of  the  ore. 

The  apparatus  subservient  to  grinding  the  ore  are, — 

1.  The  tucker,  or  beater,  formed  of  a  cast-iron  plate,  3  inches  square,  with  a  socket 
in  its  upper  surface,  for  receiving  a  wooden  handle.  In  the  neighborhood  of  Alston- 
Moor,  crushing  cylinders  have  been  substituted  for  the  beating  bucker ;  but  even  now, 
in  Derbyshii-e,  buckers  are  generally  employed  for  breaking  the  pieces  of  mixed  ore,  called 
Jenock-stone-stuff. 

At  the  mines  of  this  county,  the  knocker's  workshop,  or  striking  floor,  is  provided 
either  with  a  strong  stool,  or  a  wall  3  feet  high,  beyond  which  there  is  a  flat  area  4  feet 
broad,  and  a  little  raised  behind.  On  this  area,  bounded,  except  in  front,  by  small 
walls,  the  ore  to  be  bruised  is  placed.  On  the  stool,  or  wall,  a  very  hard  stone  slab,  or 
cast-iron  plate  is  laid,  7  feet  long,  7  inches  broad,  and  1|  inches  thick,  called  a  knock- 
stone.  The  workmen  seated  before  it,  break  the  pieces  of  mixed  ore,  called  howse  in  Der- 
byshire, with  the  bucker. 

Crushing  machines  are  in  general  use  at  Alston  Moor,  to  break  the  mingled  ores, 
which  they  perform  with  great  economy  of  time  and  labor.  They  have  been  employed 
there  for  nearly  forty  years. 

This  machine  is  composed  of  one  pair  of  fluted  cylinders,  x  x,fig.  628,  and  of  two  pairs 
of  smooth  cylinders  z  z,  z'  z',  which  serve  altogether  for  crushing  the  ore.  The  two 
cylinders  of  each  of  the  three  pairs  turn  simultaneously  in  an  inverse  direction,  by 
means  of  two  toothed  wheels,  as  at  m,  fig.  629,  upon  the  shaft  of  every  cylinder,  which 
work  by  pairs  in  one  another.  The  motion  is  given  by  a  single  water  wheel,  of  which 
the  circle  a  a  a  represents  the  outer  circumference.  One  of  the  fluted  cylinders  is 
placed  in  the  prolongation  of  the  shaft  of  this  wheel,  which  carries  besides  a  cast-kon 
toothed  wheel,  geared  with  the  toothed  wheels  e  c,  fixed  upon  the  ends  of  two 
of  the  smooth  cylinders.  Above  the  fluted  cylinders,  there  is  a  hopper,  which  dis- 
charges down  between  them,  by  means  of  a  particular  mechanism,  the  ore  brought 
forwards  by  the  wagons  a.  These  wagons  advance  upon  a  railway,  stop  above  the 
hopper,  and  empty  their  contents  into  it  through  a  trap-hole,  which  opens  outwardly  in 
the  middle  of  their  bottom.  Below  the  hopper  there  is  a  small  bucket  called  a  shoe, 
into  which  the  ore  is  shaken  down,  and  which  throws  it  without  ceasing  upon  the 
cylinders,  in  consequence  of  the  constant  jolts  given  it  by  a  crank-rod  i  (fig.  629) 
attached  to  it,  and  moved  by  the  teeth  of  the  wheel  M.  The  shoe  is  so  regulated,  that 
too  much  ore  can  never  fall  upon  the  cylinders,  and  obstruct  their  movement.    A  small 
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stream  of  water  is  likewise  lei.  into  the  shoe,  which  spreads  over  the  cylinders,  and 
prevents  them  from  growing  hot.      The  ore,  after  passing  between  the  fluted  rollers, 

628  629 
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falls  upon  the  inclined  planes  n,  n,  which  turn  it  over  to  one  or  other  of  the  paiis  of 
smooth  rolls. 

These  are  the  essential  parts  of  this  machine ;  they  are  made  of  iron,  and  the  smooth 
ones  are  case-hardened,  or  chilled,  by  being  cast  in  iron  moulds.  The  gudgeons  of 
both  kinds  move  in  brass  bushes  fixed  upon  iron  supports  k,  made  fast  by  bolts  to  the 
strong  wood-work  basis  of  the  whole  machine.  Each  of  the  horizontal  bars  has  an 
oblong  slot,  at  one  of  whose  ends  is  solidly  fixed  one  of  the  plummer-blocks  or  bearers 
of  one  of  the  cylinders  /,  and  in  the  rest  of  the  slot  the  plummer-block  of  the  other 
cylinder  g  slides ;  a  construction  which  permits  the  two  cylinders  to  come  into  con- 
tact, or  to  recede  to  such  a  distance  from  each  other,  as  circumstances  may  require. 
The  moveable  cylinder  is  approximated  to  the  fixed  one  by  means  of  the  iron  levers  x  x, 
which  carry  at  their  ends  the  weights  p,  and  rest  upon  wedges  m,  which  may  be  slidden 
upon  the  inclined  plane  n.  These  wedges  then  press  the  iron  bar  o,  and  make  it  ap- 
proach the  moveable  cylinder  by  advancing  the  plummer  block  which  supports  its  axis. 
When  matters  are  so  arranged,  should  a  very  large  or  hard  piece  present  itself  to  one  of 
the  pairs  of  cylinders,  one  of  the  rollers  would  move  away,  and  let  the  piece  pass  without 
doing  injurj'  to  the  mechanism. 

Besides  the  three  pairs  of  cylinders  which  constitute  essentially  each  crushing  machme, 
there  is  sometimes  a  fourth,  which  serves  to  crush  the  ore  when  not  in  large  fragments, 
for  example,  the  chats  and  cuttings  (the  moderately  rich  and  poorer  pieces),  produced 
by  the  first  sifting  with  the  brake  sieve,  to  be  presently  described.  The  cylinders  com- 
posing that  accessory  piece,  which,  on  account  of  their  ordinary  use,  are  called  chats-rollers, 
are  smooth,  and  similar  to  the  rollers  :  z,  and  z'  z'.  The  one  of  them  is  usually  placed 
upon  the  prolongation  of  the  shaft  of  the  water-wheel,  of  the  side  opposite  to  the  princi- 
pal machine  ;  and  the  other,  which  is  placed  alongside,  receives  its  motion  from  the  first, 
by  means  of  toothed  wheel-work. 

"  The  stamp  mill  is  employed  in  concurrence  with  the  crushing  cylinders.  It  serves  par- 
ticularly to  pulverize  those  ores  whose  gangue  is  too  hard  to  yield  readily  to  the  rollers, 
and  also  those  which  being  already  pulverized  to  a  certain  degree,  require  to  be  ground 
still  more  finely.  The  stamps  employed  in  the  neighborhood  of  Alston  Moor  are  moved 
by  water  wheels.     They  are  similar  to  those  described  under  Tin. 

Proper  sifting  or  jigging  apparatus. — The  hand  sieve  made  of  ii'on  wire  meshes,  of 
various  sizes,  is  shaken  with  the  two  hands  in  a  tub  of  water,  the  ore  vat,  being  held 
sometimes  horizontally,  and  at  others  in  an  inclined  position.  This  sieve  is  now  in 
general  use  only  for  the  cuttings  that  have  passed  through  the  grating,  and  which  though 
not  poor  enough  to  require  finer  grinding,  are  too  poor  for  the  brake  sieve.  When  the 
workman  has  collected  a  sufficient  quantity  of  these  smaller  pieces,  he  puts  them  in  his 
round  hand  sieve,  shakes  it  in  the  ore  vat  with  much  rapidity  and  a  dexterous  toss,  till 
he  has  separated  the  very  poor  portians  called  cuttings,  from  the  mingled  parts  called 
^ats,  as  well  as  from  the  pure  ore.    He  then  removes  the  first  two  qualities,  with  a 
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sheet-iron  scraper  called  a  limp,  and  he  finds  beneath  them  a  certain  portion  of  ore  which 
he  reckons  to  be  pure. 

The  brake  sieve  is  rectangular,  as  well  as  the  cistern  in  which  it  is  agitated.  The 
meshes  are  made  of  strong  iron  wire,  three  eighths  of  an  inch  square.  This  sieve  is  sus- 
pended at  the  extremity  of  a  forked  lever,  or  brake,  turning  upon  an  axis  by  means  of 
two  upright  arms  about  5  feet  long,  which  are  pierced  with  holes  for  connecting  them 
with  bolts  or  pins,  both  to  the  sieve-frame  and  to  the  ends  of  the  two  branches  of  the 
lever.  These  two  arms  are  made  of  wrought  iron,  but  the  lever  is  made  of  wood ;  as  it 
receives  the  jolt.  A  child  placed  near  its  end,  by  the  action  of  leaping,  jerks  it  smartly 
up  and  down,  so  as  to  shake  effectually  the  sieve  suspended  at  the  other  extremity. 
Each  jolt  not  only  makes  the  fine  parts  pass  through  the  meshes,  but  changes  the  rela- 
tive position  of  those  which  remain  on  the  wires,  bringing  the  purer  and  heavier  pieces 
eventually  to  the  bottom.  The  mingled  fragments  of  galena,  and  the  stony  substances 
called  chats  lie  above  them ;  while  the  poor  and  light  pieces  called  cuttings,  are  at  top. 
These  are  first  scraped  off  by  the  limp,  next  the  mixed  lumps,  or  chats,  and  lastly  the  pure 
ore,  which  is  carried  to  the  bing  heap.  The  cuttings  are  handed  to  a  particular  class  of 
workmen,  who  by  a  new  sifting,  divide  them  into  mere  stones,  or  second  cuttings,  and  into 
mixed  ore  analogous  to  chats. 

The  poor  ore,  called  chats,  is  carried  to  a  crushing  machine,  where  it  is  bruised 
between  two  cylinders  appropriated  to  this  purpose  under  the  name  of  chats  rollers ;  afler 
which  it  is  sifted  afresh.  During  the  sifting  many  paicels  of  small  ore  and  stony  sub- 
stances pass  through  the  sieve,  and  accumulate  at  the  bottom  of  the  cistern.  When  it 
is  two  thirds  filled,  water  is  run  slowly  over  it,  and  the  sediment  called  smitham  is  taken 
out,  and  piled  up  in  heaps.  More  being  put  into  the  tub,  a  child  lifts  up  the  smitham, 
and  lays  it  on  the  sieve,  which  retains  stiU  on  its  meshes  the  layer  of  fine  ore.  The  sifter 
now  agitates  in  the  water  nearly  as  at  first,  from  time  to  time  removing  with  the  limp 
the  lighter  matters  as  they  come  to  the  surface ;  which  being  fit  for  washing  only  in 
boxes,  are  called  buddler's  offal,  and  are  thrown  into  the  buddle  hole. 

Mr.  Petherick,  the  manager  of  Lanescot  and  the  Fowey  Consol  mines,  has  contrived 
an  ingenious  jigging  machine,  in  which  a  series  of  8  sieves  are  fixed  in  a  stationary  cir- 
cular frame,  connected  with  a  plunger  or  piston  working  in  a  hollow  cylinder,  whereby 
a  body  of  water  is  alternately  forced  up  through  the  crushed  ore  in  the  sieves,  and  then 
left  to  descend.  In  this  way  of  operating,  the  indiscriminate  or  premature  passage  of  the 
finer  pulverulent  matter  through  the  meshes  is  avoided,  because  a  regulated  stream  of 
water  is  made  to  traverse  the  particles  up  and  down.  This  mode  has  proved  profitable  in 
washing  the  copper  ores  of  the  above  mentioned  copper  mines. 

Proper  'washing  apparatus. — For  washing  the  ore  after  sifting  it,  the  running  buddle 
already  described  is  employed,  along  with  several  chests  or  buddies  of  other  kinds. 

1.  The  trunk  huddle  is  a  species  of  German  chest  (see  Metallurgy  and  Tin)  com- 
posed of  two  parts ;  of  a  cistern  or  box  into  which  a  stream  of  water  flows,  and  of  a  large 
lank  with  a  smooth  level  bottom.  The  ore  to  be  trunked  being  placed  in  the  box,  the 
workman  furnished  with  a  shovel  bent  up  at  its  sides,  agitates  it,  and  removes  from  time 
to  time  the  coarser  portions ;  while  the  smaller  are  swept  off  by  the  water  and  deposited 
upon  the  level  area. 

2.  The  stirring  buddle,  or  chest  for  freeing  the  schlamms  or  slimy  stuflT  from  clay,  is 
analogous  to  the  German  chests,  and  consists  of  two  parts ;  namely,  ] .  a  trough  which 
receives  a  stream  of  water  through  a  plug  hole,  which  is  tempered  at  pleasure,  to  admit  a 
greater  or  less  current ;  2.  a  settling  tank  with  a  horizontal  bottom.  The  metallic  slime 
being  first  floated  in  the  water  of  the  trough,  then  flows  out  and  is  deposited  in  the  tank ; 
the  purest  parts  falling  first  near  the  beginning  of  the  run. 

3.  The  nicking  buddle  is  analogous  to  the  tables  called  dormantes  or  jumelles  by  the 
French  miners.  See  Metallurgy.  They  have  at  their  upper  end  a  cross  canal  or 
spout,  equal  in  length  to  the  breadth  of  the  table,  with  a  plug  hole  in  its  middle  for 
admitting  the  water.  Alongside  of  this  channel  there  is  a  slightly  inclined  plank,  called 
nicking  board,  corresponding  to  the  head  of  the  twin  table,  and  there  is  a  nearly  level 
plane  below.  The  operation  consists  in  spreading  a  thin  layer  of  the  slijne  upon  the 
nicking  board,  and  in  running  over  its  surface  a  slender  sheet  of  water,  which  in  its  pro- 
gress is  subdivided  into  rills,  which  gradually  carry  off  the  muddy  matters,  and  strew 
them  over  the  lower  flat  surface  of  the  tank,  in  the  order  of  their  density. 

4.  The  dolly  tub  or  rinsing  bucket,  fig.  630,  has  an  upright  shaft  which 
bears  the  vane  or  dolly  a  b,  turned  by  the  winch  handle.  This  apparatus 
serves  to  bring  into  a  state  of  suspension  in  water,  the  fine  ore,  already 
nearly  pure;  the  separation  of  the  metallic  particles  from  the  earthy  ones 
by  repose,  beino:  promoted  by  the  sides  of  the  tub  being  struck  frequently 
___^__  during  the  subsidence. 
.^....^....„.,  g^  Slime  pits. — In  the  several  operations  of  cleansing  ores  from  mud, 

in  grinding,  and  washing,  where  a  stream  of  water  is   used,  it  is  impossible  to  prevent 
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some  of  the  finely  attenuated  portions  of  the  galena  called  sludge,  floating  in  the  water, 
from  being  carried  ofl'  with  it.  Shrm  pits  or  labyrinths,  called  huddle  holes  in  Derbyshire, 
are  employed  to  collect  that  matter,  by  receiving  the  water  to  settle,  at  a  little  distance 
from  the  place  of  agitation. 

These  basins  or  reservoirs  are  about  20  feet  in  diameter,  and  from  24  to  40  inches 
deep.  Here  the  suspended  ore  is  deposited,  and  nothing  but  clear  water  is  allowed  to 
escape. 

The  workmen  employed  in  the  mechanical  preparation  of  the  ores,  are  paid,  in  Cum- 
berland, by  the  piece,  and  not  by  day's  wages.  A  certain  quantity  of  crude  ore  is  deliv- 
ered to  them,  and  their  work  is  valued  by  the  bing,  a  measure  containing  14  cwts.  of  ore 
ready  for  smelting.  The  price  varies  according  to  the  richness  of  the  ore.  Certain  quali- 
ties are  washed  at  the  rate  of  two  and  sixpence,  or  three  shillings  the  bing ;  while  others 
are  worth  at  least  ten  shillings.  The  richness  of  the  ore  varies  from  2  to  20  bings  of 
galena  per  shift  of  ore;  the  shift  corresponding  to  8  wagon  loads. 

1.  The  cleansing  and^orting  of  the  ores  are  well  performed  in  Cumberland.  These 
operations  seem  howeve^o  be  inferior  to  the  cleansing  on  the  grid  steps,  grilles  d  gradin, 
of  Saxony  (See  Metallurgy),  an  apparatus  which  in  cleaning  the  ores,  has  the  advan- 
tage of  grouping  them  in  lots  of  difierent  qualities  and  dimensions. 

2.  The  breaking  or  braising  by  means  of  the  crushing  machine,  is  much  more  expedi- 
tious than  the  Derbyshire  process  by  buckers ;  for  the  machine  introduces  not  only  great 
economy  into  the  breaking  operation,  but  it  likewise  diminishes  considerably  the  loss  of 
galena ;  for  stamped  ores  may  be  of\en  subjected  to  the  action  of  the  cylinders  without 
waste,  while  a  porlion  of  them  would  have  been  lost  with  the  water  that  runs  from  the 
stamp  mill.  The  use  of  these  rollers  may  therefore  be  considered  as  one  of  the  happiest 
innovations  hitherto  made  in  the  mechanical  preparation  of  ores. 

3.  The  brake  sieves  appear  to  be  preferable  to  the  hand  ones. 

4.  The  system  of  washing  used  in  Cumberland  differs  essentially  from  that  of  Brit- 
tany. The  sli:ne  pits  are  constructed  with  much  less  care  than  in  France  and  Germany. 
They  never  present,  as  in  these  countries,  those  long  windings  backwards  and  forwards, 
whence  they  have  been  called  labyrinths  ;  probably  because  the  last  deposites,  which  are 
washed  with  profit  in  France  and  Germany,  could  not  be  so  in  Cumberland.  There  is 
reason  to  believe,  however,  that  the  introduction  of  brake  tables  (tables  d  secousses,  see 
Metallurgy)  would  enable  deposites  to  be  saved,  which  at  present  run  to  waste  in 
England. 

5.  From  what  we  have  now  said  ahout  the  system  of  washing,  and  the  basins  of  de- 
posite  or  settling  cisterns,  it  may  be  inferred  that  the  operation  followed  in  Cumberland  is 
more  expeditious  than  that  used  in  Brittany,  but  it  furnishes  less  pure  ores,  and  occasions 
more  considerable  waste  ;  a  fact  sufficiently  obvious,  since  the  refuse  stuff  at  PouDaouen  is 
often  resumed,  and  profitably  Mibjected  to  a  new  preparation.  We  cannot  however  ven- 
ture to  blame  this  method,  because  in  England,  fuel  being  cheap,  and  labor  dear,  there 
may  possibly  be  more  advantage  in  smelting  an  ore  somewhat  impure,  and  in  losing  a  little 
galena,  than  in  multiplying  the  number  of  washing  processes. 

6.  Lastly,  the  dolly  tub  ought  to  be  adopted  in  all  the  establishments  where  the  galena 
is  mixed  with  much  blende  (sulphuret  of  zinc) ;  for  schlich  (metallic  slime)  which  appeeirs 
very  clean  to  the  eye,  gives  off  a  considerable  quantity  of  blende  by  means  of  the  dolly 
tub.  While  the  vane  is  rapidly  whirled,  the  sludge  is  gradually  let  down  into  the  revolv- 
ing water,  till  the  quantity  is  sufiiciently  great.  Whenever  the  ore  is  thoroughly  dissem- 
inated in  the  liquid,  the  dolly  is  withdrawn.  The  workmen  then  strike  on  the  sides  of 
the  tub  for  a  considerable  time,  with  mallets  or  wooden  billets,  to  make  the  slime  fall  fast 
to  the  bottom.  The  lighter  portions,  consisting  almost  entirely  of  refuse  matter,  fall  only 
after  the  knocking  has  ceased:  the  water  is  now  run  away;  then  the  very  poor  slime  upon 
the  top  of  the  deposite  is  skimmed  off,  while  the  pure  ore  found  at  the  bottom  of  the  tub 
is  lifted  out,  and  laid  on  the  bingstead.  In  this  way  the  blende,  which  always  accompa- 
nies galena  in  a  greater  or  smaller  quantity,  is  well  separated. 

Smelting  of  lead  ores. — The  lead  ores  of  Derbyshire  and  the  north  of  England  were 
anciently  smelted  in  very  rude  furnaces,  or  boles,  urged  by  the  natural  force  of  the  Avind, 
and  were  therefore  placed  on  the  summits  or  western  slopes  of  the  highest  hills.  More 
recently  these  furnaces  were  replaced  by  blast  hearths,  resembling  smiths'  forges,  but 
larger,  and  were  blown  by  strong  bellows,  moved  by  men  or  water-wheels.  The 
principal  operation  of  smelting  is  at  present  always  executed  in  Derbyshire  in  7-ever- 
beratory  furnaces,  and  at  Jilston  Moor  in  furnaces  similar  to  those  known  in  France  by 
the  name  of  Scotch  furnaces.  Before  entering  into  the  detail  of  the  founding  processes, 
we  shall  give  a  description  of  the  furnaces  essential  for  both  the  smelting  and  accessory 
operations. 

1.  The  reverberatory  fiu-nace  called  cupola,  now  exclusively  used  in  Derbyshire  for 
the  smelting  of  lead  ores,  was  imported  thither  from  Wales,  about  the  year  1747,  by  a 
company  of  Quakers.  The  first  establishment  in  this  country  was  built  at  Kalstedge,  in 
the  disti  ict  of  Ashover. 
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In  the  works  where  the  construction  of  these  furnaces  is  most  improved,  they  are 
interiorly  8  feet  long  by  6  wide  in  the  middle,  and  two  feet  high  at  the  centre.  The 
fire,  placed  at  one  of  the  extremities,  is  separated  from  the  body  of  the  furnace  by  a  body 
of  masonry,  called  the  fire-bridge,  which  is  two  feet  thick,  leaving  oniy  from  14  to  18 
inches  between  its  upper  surface  and  the  vault.  From  this,  the  highest  point,  the  vault 
gradually  sinks  towards  the  further  end,  where  it  stands  only  6  inches  above  the  sole. 
At  this  extremity  of  the  furnace,  there  are  two  openings  separated  by  a  triangular  prism 
oi  fire-stone,  which  lead  to  a  flue,  a  foot  and  a  half  wide,  and  10  feet  long,  which  is 
recurved  towards  the  top,  and  runs  into  an  upright  chimney  55  feet  high.  The  above 
flue  is  covered  with  stone  slabs,  carefully  jointed  with  fire-clay,  which  may  be  removed 
when  the  deposile  formed  under  them  (which  is  apt  to  melt)  requires  to  be  cleaned  out. 
One  of  the  sides  of  the  furnace  is  called  the  laborers'  side.  It  has  a  door  for  throwing 
coal  upon  the  fire-grate,  besides  three  small  apertures  each  about  6  inches  square. 
These  are  closed  with  moveable  plates  of  cast  iron,  which  are  taken  off  when  the  working 
requires  a  freer  circulation  of  air,  or  for  the  stirring  up  of  the  materials  upon  the  hearth. 
On  the  opposite  side,  called  the  working  side,  there  are  five  apertures ;  namely,  three  equal 
and  opposite  to  those  just  described,  shutting  in  like  manner  with  cast  iron  plates,  and 
beneath  them  two  other  openings,  one  of  which  is  for  running  out  the  lead,  and  another 
for  the  scorise.  The  ash  pit  is  also  on  this  side,  covered  with  a  little  water,  and  so  dis- 
posed as  that  the  grate-bars  may  be  easily  cleared  from  the  cinder  slag. 

The  hearth  of  the  furnace  is  composed  of  the  reverberatory  furnace  slags,  to  which  a 
proper  shape  has  been  given  by  beating  them  with  a  strong  ii'on  rake,  before  their 
entire  solidification.  On  the  laborers'  side,  this  hearth  rises  nearly  to  the  surface  of 
the  three  openings,  and  falls  towards  the  working  side,  so  as  to  be  18  inches  below  the 
middle  aperture.  In  this  point,  the  lowest  of  the  furnace,  there  is  a  tap-hole,  through 
which  the  lead  is  run  ofi"  into  a  large  iron  boiler  (lea-pan),  placed  in  a  recess  left  out- 
side in  the  masonry.  From  that  lowest  point,  the  sole  gradually  rises  in  all  directions, 
forming  thus  an  inside  basin,  into  which  the  lead  runs  down  as  it  is  smelted.  At  the  usual 
level  of  the  metal  bath,  there  is  on  the  working  side,  at  the  end  furthest  from  the  fire,  an 
aperture  for  letting  off"  the  slag. 

In  the  middle  of  the  arched  roof  there  is  a  small  aperture,  called  the  crown-hole,  which 
is  covered  up  during  the  working  with  a  thick  cast  iron  plate.  Above  this  aperture  a 
large  wooden  or  iron  hopper  stands,  leading  beneath  into  an  iron  cylinder,  through 
which  the  contents  of  the  hopper  may  fall  into  the  furnace  when  a  trap  or  valve  is 
opened. 

2.  The  roasting  furnace. — This  was  introduced  about  30  years  ago,  in  the  neigh- 
borhood of  Alston  Moor,  for  roasting  the  ore  intended  to  pass  through  the  Scotch  furnace, 
a  process  which  greatly  facilitates  that  operation.  Since  its  first  establishment  it  has  suc- 
cessively received  considerable  improvements. 

Figs.  631,  632,  633,  represent  the  cupola  furnace  at  the  Marquess  of  Westminster's 


632 


lead  smelting  works,  two  miles  from  Holywell.    The  hearth  is  hollowed  out  below  the 
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middle  door  of  the  furnace  ;  it  slopes  from  the  back  and  ends  towards  this  basin.  The 
distance  from  the  lowest  point  of  this  concavity  up  to  the  sill  of  the  door,  is  usually  24 
inches,  but  it  is  sometimes  a  little  less,  according  to  the  quality  of  the  ores  to  be  smelted. 
This  furnace  has  no  hole  for  running  off  the  slag,  above  the  level  of  the  top  hole  for  the 
lead  i,  like  the  smelting  furnace  of  Lea,  near  Matlock.  A  single  chimney  stalk  serves 
for  all  the  establishments  ;  and  receives  aU  the  flues  of  the  various  roasting  and  reducing 
furnaces.  Fig.  633  gives  an  idea  of  the  distribution  of  these  flues,  a  a  a,  &c.  are  the 
furnaces  ;  b,  the  flues,  18  inches  square  ;  these  lead  from  each  furnace  to  the  principal 
conduit  c,  which  is  5  feet  deep  by  2§  wide ;  d  is  6  feet  deep  by  3  wide ;  c  is  a  round 
chamber  15  feet  in  diameter  :  /  is  a  conduit  7  feet  high  by  5  wide  ;  g  another,  6  feet 
high  by  3  wide.  The  chimney  at  h  has  a  diameter  at  bottom  of  30  feet,  a  top  of  12 
feet,  including  the  thickness  of  its  sides,  forming  a  truncated  cone  100  feet  high ;  whose 
base  stands  upon  a  hill  a  little  way  from  the  furnaces,  and  62  feet  above  their  level. 

a,  figs.  631,  632,  is  the  grate  ;  b,  the  door  of  the  fire-place ;  c,  the  fire-bridge  ;  d,  the 
arched  roof;  c,  the  hearth  ;  f  f  f,  &c.,  the  working  doors;  g  g,  flues  running  into  one 
conduit,  which  leads  to  the  subterranean  condensing  chamber,  e,  and  thence  to  the  general 
chimney ;  h,  a  hopper-shaped  opening  in  the  top  of  the  furnace,  for  supplying  it  with 
materials. 

This  magnificent  structure  is  not  destined  solely  for  the  reduction  of  the  ores,  but  for 
dissipating  aU  the  vapors  which  might  prove  noxious  to  the  health  of  the  work-people  and 
to  vegetation. 

The  ores  smelted  at  Holywell  are  very  refractory  galenas,  mixed  with  blende,  calamine, 
pyrites,  carbonate  of  lime,  &c.,  but  without  any  fluate  of  lime.  They  serve  mutually  as 
fluxes  to  one  another.  The  coal  is  of  inferior  quality.  The  sole  of  each  furnace  is 
formed  of  slags  obtained  in  the  smelting,  and  they  are  all  of  one  kind.  In  constructing 
it,  7  or  S  tons  of  these  slags  are  first  of  all  thi'own  upon  the  brick  area  of  the  hearth  ;  are 
made  to  melt  by  a  brisk  fire,  and  in  their  stiffening  state,  as  they  cool,  they  permit  the 
bottom  to  be  sloped  and  hollowed  into  the  desired  shape.  Four-  workmen,  two  at  each 
side  of  the  furnace,  perform  this  task. 

The  ordinary  charge  of  ore  for  one  smelting  operation  is  20  cwts.,  and  it  is  introduced 
through  the  hopper  ;  see  Copper, yig.  304.  An  assistant  placed  at  the  back  doors  spreads 
it  equally  over  the  whole  hearth  with  a  rake  ;  the  furnace  being  meanwhile  heated  only 
wth  the  declining  fire  of  the  preceding  operation.  No  regular  fire  is  made  during  the  first 
two  hours,  but  a  gentle  heat  merely  is  kept  up  by  throwing  one  or  two  shovelfuls  of  small 
coal  upon  the  grate  from  time  to  time.  All  the  doors  are  closed,  and  the  register-plate  of 
the  chimney  is  lowered. 

The  outer  basin  in  front  of  the  furnace  is  at  this  time  filled  with  the  lead  derived  from 
a  former  process,  the  metal  being  covered  with  slags.  A  rectangular  slit  above  the  tap 
hole  is  left  open,  and  remain^  so  during  the  whole  time  of  the  operation,  unless  the  lead 
should  rise  in  the  interior  basin  above  the  level  of  that  orifice ;  in  which  case  a  little  mound 
must  be  raised  before  it. 

The  two  doors  in  front  furthest  from  the  fire  being  soon  opened,  the  head-smeller 
throws  in  through  them,  upon  the  sole  of  the  furnace,  the  slags  swimming  upon  the  bath 
of  lead,  and  a  little  while  afterwards  he  opens  the  tap-hole,  and  runs  off  the  metallic 
lead  reduced  from  these  slags.  At  the  same  time  his  assistant  turns  over  the  ore  with 
his  paddle,  through  the  back  doors.  These  being  again  closed,  while  the  above  two  front 
doors  are  open,  the  smelter  throws  a  shovelful  of  small  coal  or  coke  cinder  upon  the  lead 
bath,  and  works  the  whole  together,  turning  over  the  ore  with  the  paddle  or  iron  oar. 
About  three  quarters  of  an  hour  after  the  commencement  of  the  operation,  he  throws 
back  upon  the  sole  of  the  hearth  the  fresh  slags  which  then  float  upon  the  bath  of  the 
outer  basin,  and  which  are  mLxed  with  coaly  matter.  He  next  turns  over  these  slags,  as 
well  as  the  ore  with  the  paddle,  and  shuts  all  the  doors.  At  this  time  the  smelter  runs  off 
the  lead  into  the  pig-moulds. 

The  assistant  now  turns  over  the  ore  once  more  through  the  back  doors.  A  little 
more  than  an  hour  after  the  operation  began,  a  quantity  of  lead  proceeding  from  the 
slag  last  remelted,  is  run  off  by  the  tap ;  being  usually  in  such  quantity  as  to  fill  one 
half  of  the  outer  basin.  Both  the  workmen  then  turn  over  the  ore  with  the  paddles,  at 
the  several  doors  of  the  furnace.  Its  interior  is  at  this  time  of  a  dull  red  heat ;  the 
roasting  being  carried  on  rather  by  the  combustion  of  the  sulphurous  ingredients,  than 
by  the  action  of  the  small  quantity  of  coal  in  the  grate.  The  smelter,  after  shutting 
the  front  doors,  with  the  exception  of  that  next  the  fire-bridge,  lifts  off  the  fresh  slags 
lying  upon  the  surface  of  the  outside  bath,  drains  them,  and  throws  them  back  into  the 
furnace. 

An  hour  and  a  half  after  the  commencement,  the  lead  begins  to  ooze  out  in  small 
quantities  from  the  ore  ;  but  little  should  be  suffered  to  flow  before  two  hours  have  ex- 
pired. About  this  tirae  the  two  workmen  open  all  the  doors,  and  turn  over-  the  ore, 
each  at  his  own  side  of  the  furnace.     An  hour  and  three  quarters  after  the  begmning, 
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there  are  few  vapors  in  the  furnace,  its  temperature  being  very  moderate.  No  more 
lead  is  then  seen  to  flow  upon  the  sloping  hearth.  A  little  coal  being  thrown  into  the 
grate  to  raise  the  heat  slightly,  the  workmen  turn  over  the  ore,  and  then  close  all  the 
doors. 

At  the  end  of  two  hours,  the  first  fire  or  roasting  bemg  completed,  and  the  doors 
shut,  the  register  is  to  be  lifted  a  little,  and  coal  thrown  upon  the  grate  to  give  the 
second  fire,  which  lasts  during  25  minutes.  When  the  doors  are  now  opened,  the  inside 
of  the  furnace  is  of  a  pretty  vivid  red,  and  the  lead  flows  down  from  every  side  towards 
the  inner  basin.  The  smelter  with  his  rake  or  paddle  pushes  the  slags  upon  that  basin 
back  towards  the  upper  part  of  the  sole,  and  his  assistant  spreads  them  uniformly  over 
the  surface  through  the  back  doors.  The  smelter  next  throws  in  by  his  middle  door,  a 
few  shovelfuls  of  quicklime  upon  the  lead  bath.  The  assistant  meanwhile,  for  a  quarter 
of  an  hour,  works  the  ore  and  the  slags  together  through  the  three  back  doors,  and  then 
spreads  them  out,  while  the  smelter  pushes  the  slags  from  the  surface  of  the  inner  basin 
back  to  the  upper  parts  of  the  sole.  The  doors  being  now  left  open  for  a  little,  while 
the  interior  remains  in  repose,  the  metallic  lead,  which  had  been  pushed  back  with  the 
slags,  flows  down  into  the  basin.  This  occasional  cooling  of  the  furnace  is  thought  to  be 
necessary  for  the  better  separation  of  the  products,  especially  of  the  slags,  from  the  lead 
bath. 

In  a  short  time  the  workmen  resume  their  rakes,  and  turn  over  the  slags  along  with 
the  ore.  Three  hours  after  the  commencement,  a  little  more  fuel  is  put  into  the  grate, 
merely  to  keep  up  a  moderate  heat  of  the  furnace  during  the  paddling.  After  three 
hours  and  ten  minutes,  the  grate  being  charged  with  fuel  for  the  third  fire,  the  register 
is  completely  opened,  the  doors  are  all  shut,  and  the  furnace  is  left  in  this  state  for  three 
quarters  of  an  hour.  In  nearly  four  hours  from  the  commencement,  all  the  doors  being 
opened,  the  assistant  levels  the  surfaces  with  his  rake,  in  order  to  favor  the  descent  of 
any  drops  of  lead ;  and  then  spreads  the  slags,  which  are  pushed  back  towards  him  by 
the  smelter.  The  latter  now  throws  in  a  fresh  quantity  of  lime,  with  the  view  not 
merely  of  covering  the  lead  bath  and  preventing  its  oxydizement,  but  of  rendering  the  slags 
less  fluid. 

Ten  minutes  after  the  third  fire  is  completed,  the  smelter  puts  a  new  charge  of  fuel 
in  the  grate,  and  shuts  the  doors  of  the  furnace  to  give  it  the  fourth  fire.  In  four  hours 
and  forty  minutes  from  the  commencement,  this  fire  being  finished,  the  doors  are 
opened,  the  smelter  pierces  the  tap  hole  to  discharge  the  lead  into  the  outer  basin,  and 
throws  some  quicklime  upon  the  slags  in  the  inner  basin.  He  then  pushes  the  slags 
thus  dried  up  towards  the  upper  part  of  the  hearth,  and  his  assistant  rakes  them  out  by  the 
back  doors. 

The  whole  operation  of  a  smelting  shift  takes  about  four  hours  and  a  half,  or  at  most 
five  hours,  in  which  four  periods  may  be  distinguished. 

1 .  The  first  fire  for  roasting  the  ores,  requires  very  moderate  firing  and  lasts  two 
hours. 

2.  The  second  fire,  or  the  smelting,  requires  a  higher  heat,  with  shut  doors  ;  at  the  end 
the  slags  are  dried  up  with  lime,  and  the  furnace  is  also  allowed  to  cool  a  little. 

3.  4.  The  last  two  periods,  or  the  third  and  fourth  fires,  are  likewise  two  smeltings  or 
foundings,  and  difi'er  from  the  first  only  in  requiring  a  higher  temperature.  The  heat 
is  greatest  in  the  last.  The  form  and  dimensions  of  the  furnace  are  calculated  to  cause 
a  uniform  distribution  of  heat  over  the  whole  surface  of  the  hearth.  Sometimes  billets 
of  green  wood  are  plunged  into  the  metallic  lead  of  the  outer  basin,  causing  an  ebullition 
which  favors  the  separation  of  the  slags,  and  consequently  the  production  of  a  purer  lead; 
but  no  more  metallic  metal  is  obtained. 

Ten  cwts.  of  coal  are  consumed  at  Holywell  in  smelting  one  ton  of  the  lead-ore  schlich 
or  sludge  ;  but  at  Grassiugton,  near  Skipton  in  Yorkshire,  with  a  similar  furnace  worked 
with  a  slower  heat,  the  operation  taking  from  seven  hours  to  seven  hours  and  a  half, 
instead  of  five,  only  7|  cwts.  of  coal  are  consumed.  But  here  the  ores  are  less  refractory, 
have  the  benefit  of  fluor  spar  as  a  flux,  and  are  more  exhausted  of  their  metal,  being  smelt- 
ed upon  a  less  sloping  hearth. 

Theory  of  ihe  above  operation. — At  Holywell,  Grassington,  and  in  Cornwall,  the 
result  of  the  first  graduated  roasting  heat,  is  a  mixture  of  undecomposed  sulphuret  of 
lead,  with  sulphate  and  oxyde  of  lead,  in  proportions  which  vary  with  the  degree  of  care 
bestowed  upon  the  process.  After  the  roasting,  the  heat  is  raised  to  convert  the  sludge 
into  a  pasty  mass  ;  in  which  the  oxyde  and  sulphate  react  upon  the  sulphuret,  so  as  to 
produce  a  sub-sulphuret,  which  parts  with  the  metal  by  liquation.  The  cooling  of  the 
furnace  facilitates  the  liquation  every  time  that  the  sub-sulphuret  is  formed,  and  the  ore 
has  passed  by  increase  of  temperature  from  the  pasty  into  the  liquid  state.  Cooling 
brings  back  the  sludge  to  the  pasty  condition,  and  is  therefore  necessary  for  the  due 
separation  of  the  diff"erent  bodies.  The  drying  up  of  the  thin  slags  by  lime  is  intended 
to  liberate  the  oxyde  of  lead,  and  allow  it  to  react  upon  any  sulphuret  which  may  have 
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resisted  roasting  or  decomposition.  It  is  also  useful  as  a  thickener,  in  a  mechanical  point 
of  view.  The  iron  of  the  tools,  which  wear  away  very  fast,  is  also  serviceable  in  re- 
ducing the  sulphuret  of  lead.  The  small  coal  added  along  with  the  lime  at  Grassington, 
and  also  sometimes  at  Holywell,  aids  in  reducing  the  oxyde  of  lead,  and  in  transforming 
the  sulphate  into  sulphuret. 

3.  The  smelting  furnace  or  ore  hearth. — This  furnace,  called  by  the  French  ecossais,  is 
from  22  to  24  inches  in  height  and  1  foot  by  1|  in  area  inside  ;  but  its  horizontal  section, 
always  rectangular,  varies  much  in  its  dimensions  at  difierent  levels,  as  shown  in 
fiS-  634. 


The  hearth  and  the  sides  are  of  cast  iron ;  the  sole-plate  a  b  is  also  of  cast  iron,  2^  inches 
thick,  having  on  its  back  and  two  sides  an  upright  ledge,  a  c,  2^  inches  thick  and  4| 
high.  In  front  of  the  hearth  there  is  another  cast  iron  plate  m  n,  called  the  uorh 
stone,  surrounded  on  every  side  excepting  towards  the  sole  of  the  furnace,  by  a  ledge 
one  inch  in  thickness  and  height.  The  plate  slopes  from  behind  forwards,  and  its  pos- 
terior ledge,  which  is  about  4|  inches  above  the  surface  of  the  hearth,  is  separated  from 
it  by  a  void  space  q,  which  is  filled  with  a  mixture  of  bone  ash  and  galena,  both  in  fine 
powder,  moistened  and  pressed  down  together.  The  melted  lead  cannot  penetrate  into 
this  body,  but  after  filling  the  basin  at  the  bottom  of  the  furnace,  flows  naturally  out 
by  the  gutter  (nearly  an  inch  deep)  through  a  groove  in  the  work-stone;  and  then 
passes  into  a  caldron  of  reception  p,  styled  the  melting-pot,  placed  below  the  front  edge 
of  the  work-stone. 

The  posterior  ledge  of  the  sole  is  surmounted  by  a  piece  of  cast  iron  c  d,  called  the 
back-stone,  28  inches  long,  and  65  high ;  on  which  the  tuylre  or  blast-pipe  is  placed.  It 
supports  another  piece  of  cast  iron  e,  called  pipe-stone,  scooped  out  at  its  under  part,  in 
the  middle  of  its  length,  for  the  passage  of  the  tuyere.  This  piece  advances  2  inches  into 
the  interior  of  the  furnace,  the  back  wall  of  which  is  finally  crowned  by  another  piece  of 
cast  iron  e  h,  called  also  back-slone. 

On  the  ledges  of  the  two  sides  of  the  sole,  are  placed  two  pieces  of  cast  iron,  called 
bearers,  each  of  which  is  5  inches  in  breadth  and  height,  and  26  inches  long.  They 
advance  an  inch  or  two  above  the  posterior  and  highest  edge  of  the  work-stone,  and  con- 
tribute effectually  to  fix  it  solidly  in  its  place.  These  bearers  support,  through  the  in- 
tervention of  several  ranges  of  fire-bricks,  a  piece  of  cast  iron  called  ^.  fore-sto7ie,  which 
has  the  same  dimensions  as  the  piece  called  the  back-stone,  on  which  the  base  of  the 
blowing-machine  rests.  This  piece  is  in  contact,  at  each  of  its  extremities,  with  anothei 
mass  of  cast  iron,  6  inches  cube,  called  the  kcy-stone,  supported  on  the  masonry.  Lastly, 
the  void  spaces  left  between  the  two  key-stones  and  the  back  part  of  the  furnace  are  filled 
up  with  two  masses  of  cast  iron  exactly  like  the  key-stones. 

The  front  of  the  furnace  is  open  for  about  12  inches  from  the  lower  part  of  the  front 
cross-piece  called  fore -stone,  up  to  the  superior  part  of  the  work-stone.  It  is  through  thi> 
opening  that  the  smelter  operates. 

The  gaseous  products  of  the  combustion,  on  escaping  from  this  ore-hearth,  arc  fre- 
quently made  to  pass  through  a  long  flue,  sloped  very  slightly  upwards,  in  which  they 
deposite  all  the  particles  of  ore  that  they  may  have  swept  along ;  these  flues,  whose  length 
is  sometimes  more  than  100  yards,  are  usually  5  feet  high  and  3  feet  wide  in  the  inside, 
and  always  terminate  in  the  chimney  stalk.  The  matters  deposited  near  the  commence- 
ment of  the  flue  require  to  be  washed;  but  not  the  other  dusty  deposites.  The  whole- 
may  then  be  carried  back  to  the  roasting  furnace,  to  be  calcined  and  reagglutinated,  cr 
introduced  without  any  preparation  into  the  slag-hearlh. 

4.  Figs.  635,  636  represent  a  slag-hearth,  the/oMni«/Mdma?2c/ie  (elbow  furnace)  of  the 
French,  and  the  krummofen  (crooked  furnace)  of  the  Germans  ;  such  as  is  used  at  Alston 
Moor,  in  Cumberland,  for  the  reduction  of  the  lead-slag.  It  resembles  the  Scotch 
furnace.  The  shaft  is  a  parallelopiped,  whose  base  is  26  inches  by  22  in  area  inside,  and 
whose  height  is  3  feet ;  the  sole-plate  a,  of  cast  iron,  slopes  slis:htly  down  to  the  basin 
of  reception,  or  the  fore-hearth  b.  Upon  both  of  the  long  sides  of  the  sole-plate  there  are 
cast  iron  beams,  called  bearers  c  c,  of  great  strength,  which  support  the  side  walls  built 
of  a  coarse  grained  sand-stone,  as  weU  as  the  cast  iron  plate  d  {fore  stone),  which  forms 
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the  front  of  the  shaft.  This  stands  7  inches  off  from  the  sole-plate,  leaving  an  empty 
space  between  them.  The  back  side  is  made  of  cast  iron,  from  the  sole-plate  to  the 
horizontal  tuyere  in  its  middle ;  but  above  this  point  it  is  made  of  sand-stone.     The 
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tuyere  is  from  I5  to  2  inches  in  diameter.  In  front  of  the  fore-hearth  b,  a  cistern  e  is 
placed,  through  which  water  continually  flows,  so  that  the  slags  which  spontaneously 
overflow  the  fore-hearth  may  becomfe  inflated  and  shattered,  whereby  the  lead  dissemi- 
nated through  them  may  be  readily  separated  by  washing.  The  lead  itself  flows  from 
the  fore-hearth  b,  through  an  orifice,  into  an  iron  pot  /,  which  is  kept  hot  over  a  fire. 
The  metal  obtained  from  this  slag-hearth  is  much  less  pure  than  that  extracted  directly 
from  the  ore. 

The  whole  bottom  of  the  furnace  is  filled  to  a  height  of  17  inches,  that  is,  to 
within  2  or  3  inches  of  the  tuyei'e,  with  the  rubbish  of  coke  reduced  to  coarse  powder 
and  beat  strongly  down.  At  each  smelting  shift,  this  bed  must  be  made  anew,  and  the 
interior  of  the  furnace  above  the  tuyere  repaired,  with  the  exception  of  the  front,  con- 
sisting of  cast  iron.  In  advance  of  the  furnace  there  is  a  basin  of  reception,  which  is 
also  filled  with  coke  rubbish.  Farther  off  is  a  pit,  full  of  water,  replenished  by  a  cold 
stream,  which  incessantly  runs  in  through  a  pipe.  The  scorios,  in  flowing  out  of  the  fur- 
nace, pass  over  the  coke  bed  in  the  basin  of  reception,  and  then  fall  into  the  water,  whose 
coolness  makes  them  fly  into  small  pieces,  af\er  which  they  are  easily  washed,  so  as  to 
separate  the  lead  that  may  be  entangled  among  them. 

These  furnaces  are  urged,  in  general,  by  wooden  bellows ;  Jig.  637.    But  at  the  smelting 


works  of  Lea,  near  Matlock,  the  blowing-machine  consists  of  two  casks,  which  move 
upon  horizontal  axes.  Each  of  these  casks  is  divided  into  two  equal  parts  by  a  fixed 
plane  that  passes  through  its  axis,  and  is  filled  with  water  to  a  certain  height.  The  water 
of  one  side  communicates  with  that  of  the  other  by  an  opening  in  the  lower  part  of  the 
division.  Each  cask  possesses  a  movement  of  oscillation,  produced  by  a  rod  attached  to 
a  crank  of  a  bucket-wheel.  At  each  demi-oscillation,  one  of  the  compartments,  being  in 
communication  with  the  external  air,  is  filled  ;  while  the  other,  on  the  contrary,  communi- 
cates with  the  nozzle,  and  supplies  wind  to  the  fuinace. 

5.  Refining  or  cupellation  furnace.     See  Silver. 

6.  Smelting  by  the  reverberatory  furnace  is  adopted  exclusively  in  Derbyshire,  and  in 
some  works  at  Alston  Moor.  The  charge  in  the  hopper  consists  commonly  of  16  cwts., 
each  weighing  120  lbs.  avoirdupois,  composed  of  an  intimate  mixture  of  5,  6,  7,  or  even 
8  kinds  of  ore,  derived  from  different  mines,  and  prepared  in  different  ways.  The  pro- 
portions of  the  mixture  are  determined  by  experience,  and  are  of  great  consequence  to  the 
success  of  the  work. 

The  ore  is  rather  in  the  form  of  grains  than  of  a  fine  schlich  ;  it  is  sometimes  very  pure, 
and  affords  75  per  cent. ;  but  usually  it  is  mixed  up  with  a  large  proportion  of  carbonate 
and  fluate  of  lime ;  and  its  product  varies  from  65  to  23  per  cent. 

After  scraping  the  slaggy  matters  out  of  the  furnace,  a  fresh  smelting  shifl  is  intro- 
duced at  an  interval  of  a  few  minutes ;  and  thus,  by  means  of  two  alternate  work- 
men, who  relieve  each  other  every  seven  or  eight  hours,  the  weekly  operations  continue 
without  interruption.  The  average  product  in  lead  of  the  reverberatory  furnaces  in 
Derbyshire,  during  several  years,  has  been  66  per  cent,  of  the  ore.  Very  fine  ore  has, 
however,  afforded  76. 

7.  Smelting  of  the  drawn  slag,  on  the  slag-mill  hearth. — The  black  slag  of  the  reverbe- 
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ratory  furnace  is  broken  by  hammers  into  small  pieces,  and  mLxed  in  proper  proportions 
with  the  coal  cinders  that  fall  through  the  grate  of  the  reverberatory  fire.  The  leaden 
matts  that  float  on  the  surface  of  the  bath,  and  the  dust  deposited  in  the  chimney, 
are  added,  along  with  some  poor  ore  containing  a  gangue  of  fluor  spar  and  limestone, 
which  had  been  put  aside  during  the  machanical  preparation.  With  such  a  mixture,  the 
slag-hearth,  already  desci"ibed_/ig«.  635,  636,  is  charged.  By  the  action  of  heat  and  coal, 
the  lead  is  revived,  the  earthy  matters  flow  into  very  liquid  scoriae,  and  the  whole  is 
made  to  pass  across  the  body  of  fire  into  a  basin  of  reception  placed  beneath.  The 
scoriae  are  thickened  by  throwing  quicklime  upon  them,  and  they  are  then  raked 
away.  At  the  end  of  the  operation  the  lead  is  cast  into  pigs  or  ingots  of  a  peculiar 
form.  This  is  called  slag-lead.  It  is  harder,  more  sonorous  than  the  lead  obtained  from 
Uie  reverberatory  furnace,  and  is  preferred  for  the  manufacture  of  minium,  lead  shot,  and 
some  other  purposes. 

8.  Treatment  of  lead  ores  by  the  Scotch  furnace,  or  ore-hearth. — This  furnace  is  gener- 
ally employed  in  the  counties  of  Northumberland,  Cumberland,  and  Durham,  for  the 
smelting  of  lead  ores,  which  were  formerly  carried  to  them  without  any  preparation, 
but  now  they  are  exposed  to  a  preliminary  calcination.  The  roasted  ore  yields  in  the 
Scotch  furnace  a  more  considerable  product  than  the  crude  ore,  because  it  forms  in  the 
fUrnace  a  more  porous  mass,  and  at  the  same  time  it  works  drier,  to  use  the  founder's  ex- 
pression ;  that  is,  it  aUows  the  stream  of  air  impelled  by  the  bellows  to  diffuse  itself  more 
completely  across  the  matters  contained  in  the  furnace. 

The  charge  of  the  roasting  furnace.  Jigs.  631,  632,  633,  is  from  9  to  11  cwts.  of  ore, 
put  into  the  furnace  without  any  addition.  Three  such  shifts  are  usually  passed  through 
in  eight  hours.  The  fire  should  be  urged  in  such  a  manner  as  to  produce  constantly  a 
dense  smoke,  without  letting  any  part  of  the  ore  melt  and  form  a  slag ;  an  accident 
which  would  obstruct  the  principal  end  of  the  process.  Which  is  to  burn  oflf  the  sulphur  and 
antimony,  and  to  expel  the  carbonic  acid  of  the  carbonate  of  lead.  The  ore  must  be  fre- 
quently turned  over,  by  moving  it  from  the  bridge  to  the  other  end  and  back  again.  To 
prevent  the  ore  from  running  into  masses  as  it  cools,  it  is  made  to  fall  out  of  the  furnace 
into  a  pit  full  of  water,  placed  below  one  of  the  lateral  doors. 

STnelting  of  the  lead  ores  in  the  Scotch  furnace. — When  a  smelting  shift  has  been 
finished  in  the  Scotch  furnace,  a  portion  of  the  ore,  called  browse,  remains  in  a  semi- 
reduced  stale,  mixed  with  coke  and  cinders.  It  is  found  of  more  advantage  to  preserve 
the  browse  for  beginning  the  following  operation,  than  to  take  raw  or  even  roasted 
ore.  To  set  the  furnace  in  action,  the  interior  of  it  is  filled  with  peats,  cut  into  the 
form  of  bricks.  The  peats  towards  the  posterior  part  are  heaped  up  without  order, 
but  those  near  the  front  are  piled  up  with  care  in  the  form  of  a  wall.  A  kindled  peat 
is  now  placed  before  the  nozzle  of  the  bellows,  which  are  made  to  blow,  and  the  blast 
spreads  the  combustion  rapidly  through  the  whole  mass.  To  increase  the  heat,  and  to 
render  the  fire  more  steady  and  durable,  a  few  shovelfuls  of  coals  are  thrown  over  the 
turf.  A  certain  quantity  of  the  browse  is  to  be  next  introduced ;  and  then  (or  some- 
tames  before  all  the  browse  is  put  in)  the  greater  part  of  the  matters  contained  in  the 
furnace  is  drawn  over  on  the  xivrk-stooie,  by  means  of  a  large  rake  called  a  goxcelock ;  the 
refuse  of  the  ore  called  gray  slag,  which  a  skilful  smelter  knows  by  its  shining  more 
than  the  browse,  is  taken  off  with  a  shovel,  and  thrown  to  the  right  hand  into  a  corner 
outside  of  the  furnace.  The  browse  left  on  the  work-stone  is  to  be  now  thrown  back 
into  the  furnace,  with  the  addition  of  a  little  coal,  if  necessaiy.  If  the  browse  be  not 
well  cleaned  from  the  slag,  which  is  perceived  by  the  whole  mass  being  in  a  soft  state, 
and  showing  a  tendency  to  fuse,  quicklime  must  be  added,  which  by  its  affinity  for  the 
argillaceous,  silicious,  and  ferruginous  substances,  dries  up  the  materials,  as  the 
smelters  say,  and  gives  to  the  earthy  parts  the  property  of  concreting  into  lumps  or 
balls ;  but  if,  on  the  other  hand,  the  siliciouS,  argUlaceous,  or  ferruginous  parts  con- 
tained in  the  ore  be  too  refractory,  lime  is  also  to  be  added,  but  in  smaller  quantity, 
which,  by  rendering  them  more  fusible,  communicates  the  property  of  concreting  into 
balls.  These  lumps,  called  gray  slae,  contain  from  one  tenth  to  one  fifteenth  of  the 
lead  which  was  present  in  the  ore.  They  must  be  smelted  afterwards  at  a  higher  tem- 
perature in  the  slag  hearth,  to  extract  their  lead.  After  the  browse  has  been  thrown 
back  into  the  furnace,  as  has  been  said,  a  few  shovelfuls  of  ore  are  to  be  strewed  over 
it ;  but  before  doing  this,  and  after  removing  the  scoriae,  there  must  be  always  placed 
before  the  tuyere  half  a  peat,  a  substance  which  being  extremely  porous  and  combustible, 
not  only  hinders  any  thing  from  entering  the  nozzle  of  the  bellows,  but  spreads  the  blast 
through  all  the  vacant  parts  of  the  furnace.  After  an  interval  of  from  10  to  15  minutes, 
according  to  circumstances,  the  materials  in  the  furnace  are  drawn  afresh  upon  the  work- 
stone,  and  the  gray  slag  is  removed  by  the  rake.  Another  peat  being  placed  before  the 
tuyere,  and  coal  and  quicklime  being  introduced  in  suitable  proportions,  the  browse  is 
thrown  back  into  the  furnace,  a  fresh  portion  of  ore  is  charged  above  it,  and  left  in  the 
furnace  for  the  above-mentioned  time. 
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This  mode  of  working,  continued  for  14  or  15  hours,  forms  what  is  called  a  smelting 
shift ;  in  which  time  from  20  to  40  ewts.  of  lead,  and  even  more,  are  produced. 

By  this  process  the  purest  part  of  the  lead,  as  well  as  the  silver,  are  sweated  out,  as  it 
were,  from  the  materials  with  which  they  are  mixed,  without  anything  entering  into 
fusion  except  these  two  metals  in  the  state  of  alloy.  It  is  probable  that  the  moderate 
temperature  employed  in  the  Scotch  furnace  is  the  main  cause  of  the  purity  of  the  lead 
which  it  yields. 

9.  Smelting  of  the  scorice  of  the  Scotch  furnace  on  the  slag  hearth. — Before  putting  fire  to 
the  slag  hearth  already  described,  figs.  635,  636,  its  empty  space  is  to  be  filled  with  peats, 
and  a  lighted  one  being  placed  before  the  tuyere,  the  bellows  are  made  to  play.  A  layer 
of  coke  is  to  be  now  thrown  upon  the  burning  peats,  and  as  soon  as  the  heat  is  sufficiently 
high,  a  layer  of  the  gray  slag  is  to  be  introduced,  or  of  any  other  scoriae  that  are  to 
be  reduced.  From  time  to  time,  as  the  fit  moment  arrives,  alternate  strata  of  coke  and 
slag  are  to  be  added.  In  this  operation,  though  the  slag  and  the  lead  are  brought  to  a 
state  of  perfect  fluidity,  the  melal  gets  separated  by  filtering  down  through  the  bed  of 
peat  cinders,  which  the  slag  cannot  do  on  account  of  its  viscidity.  Whenever  that  coke 
bed  becomes  covered  with  fluid  slag,  the  workman  makes  a  hole  in  it,  of  about  an  incli 
diameter,  by  means  of  a  kneed  poker ;  and  runs  it  off  by  this  orifice,  as  it  cannot  sink 
down  into  the  hard  rammed  cinders,  which  fill  the  basin  of  reception.  The  slag  flows 
m'er  it  in  a  glowing  stream  into  the  pit  filled  with  water,  where  it  gets  granulated  and 
ready  for  washing. 

When  lead  is  obtained  from  galena  without  the  addition  of  combustible  matter,  we 
have  an  example,  on  the  great  scale,  of  the  mutual  decomposition  of  the  oxydes  and  sul- 
phates formed  during  the  roasting  heat,  by  the  still  undecomposed  galena,  especially  when 
this  action  is  facilitated  by  working  up  and  skilfully  mingling  the  various  matters,  as  hap- 
pens in  the  reverberatory  and  Scotch  furnaces.  It  is  therefore  the  sulphuret  of  lead  itself 
which  serves  as  the  agent  of  reduction  in  regard  to  the  oxyde  and  sulphate,  when  little 
or  no  charcoal  has  been  added.  Sometimes,  however,  towards  the  end  of  the  operation 
in  the  reverberatory  hearth,  it  becomes  necessary  to  throw  in  some  wood  or  charcoal, 
because  the  oxydizement  having  become  too  complete,  there  does  not  remain  a  sufficient 
body  of  sulphuret  of  lead  to  efl"ect  the  decompositions  and  reductions  just  mentioned,  and 
therefore  it  is  requisite  to  regenerate  some  galena  by  means  of  carbonaceous  matter, 
which  immediately  converts  the  sulphate  of  lead  into  the  sulphuret.  The  sulphur  and 
oxygen  are  eventually  all  separated  in  the  form  of  sulphurous  acid.  Roasted  galena 
contains  sometimes  no  less  than  77  per  cent,  of  sulphate  of  lead. 

At  Viconago,  in  the  Valais,  the  process  of  smelting  lead  ore  in  the  reverberatory  fur- 
nace, with  the  addition  of  iron,  as  practised  at  Vienne,  on  the  Isere,  was  introduced ; 
but  the  difficulty  of  procuring  a  sufficient  supply  of  old  iron  has  led  to  an  interesting 
modification. 

On  the  hearth  of  the  reverberatory  furnace,  10  quintals  of  moderately  rich  ore  are 
spread ;  these  are  heated  temperately  for  some  time,  and  stirred  about  to  promote  the 
sublimation  of  the  sulphur.  After  three  or  four  hours,  when  the  ore  seems  to  be  suffi- 
ciently desulphureted,  the  heat  is  raised  so  as  to  melt  the  whole  materials,  and  when- 
ever they  flux  into  a  metallic  glass,  a  few  shovelfuls  of  bruised  charcoal  or  cinders  are 
thrown  in,  which  soon  thicken  the  liquid,  and  cause  metallic  lead  to  appear.  By  this 
means  three  fourths  of  the  lead  contained  in  the  ore  are  usually  extracted ;  but  at  length 
the  substance,  becoming  less  and  less  fluid,  yields  no  more  metal.  Stamped  and  washed 
carbonate  of  iron  (sparry  iron  ore)  is  now  added,  in  the  proportion  of  about  10  per  cent, 
cf  the  lead  ore  primarily'  introduced. 

On  stirring  and  working  together  this  mixture,  it  assumes  the  consistence  of  a  stiff 
paste,  which  is  raked  out  of  the  furnace.  When  this  has  become  cold,  it  is  broken  into 
pieces,  and  thereafter  smelted  in  a  slag-hearth,  without  the  addition  of  flux.  By  this 
operation  almost  the  whole  lead  present  is  obtained.  100  quintals  of  schlich  yield  45 
cf  argentiferous  lead  ;  and  in  the  production  of  100  quintals  (cwts.)  of  marketable  lead^ 
140  cubic  feet  of  beech-wood,  and  357^  quintals  of  charcoal  are  consumed. 
This  process  is  remarkable  for  the  use  of  iron-ore  in  smelting  galena. 
10.  Reduction  in  the  reverberatory  furnace  of  the  litharge  obtained  in  the  refining  of 
lead. — The  litharge  of  Alston  Moor  is  seldom  sold  as  such,  but  is  usually  converted  into 
lead,  in  a  reverberatory  furnace. 

In  commencing  this  reduction,  a  bed  of  coal  about  2  inches  thick  is  first  of  all  laid 
on  the  hearth;  which  is  soon  kindled  by  the  flame  of  the  fire-place,  and  in  a  litlle  while 
is  reduced  to  red  hot  cinders.  Upon  these  a  certain  quantity  of  a  mixture  of  litharge 
and  small  coal  is  uniformly  spread  ;  the  heat  of  the  fire-place  being  meanwhile  so  man- 
aged as  to  maintain  in  the  furnace  a  suitable  temperature  for  enabling  the  combustible  to 
deprive  the  litharge  of  its  oxygen,  and  to  convert  it  into  lead.  The  metal  is  run  out  by 
the  tap-hole  into  an  iron  pot ;  and  being  cast  into  pigs-  of  half  a  hundred  weight,  is  sold 
under  the  name  of  refined  lead  at  a  superior  price. 
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The  quantity  of  small  coal  mixed  with  the  litharge  should  be  somewhat  less  than  what 
may  be  necessary  to  effect  the  reduction,  because  if  in  the  course  of  the  process  a  defi- 
ciency of  it  is  perceived  in  any  part  of  the  furnace,  more  can  always  be  added ;  whereas 
a  redundancy  of  coal  necessarily  increases  the  quantity  of  slag,  which,  at  the  end  of  the 
shift,  must  be  removed  from  the  furnace  before  a  new  operation  is  begun,  whereby  lead 
is  lost.  In  the  reverberatoiy  furnace,  six  fodders  of  lead  may  be  revived  in  nine  or  ten 
hours ;  during  the  first  six  of  which  the  mixture  of  litharge  and  coal  is  added  at  short 
intervals.     A  fodder  is  from  21  to  24  cwts. 

It  deserves  to  be  remarked  that  the  work  does  not  go  on  so  well  nor  so  quick  when 
the  coal  and  litharge  are  in  a  pulverulent  form  ;  because  the  reduction  in  this  case 
takes  place  only  at  the  surface,  the  air  not  being  able  to  penetrate  into  the  body,  and  to 
keep  up  its  combustion,  and  the  mutual  action  of  the  litharge  and  carbon  in  the  interior. 
But,  on  the  other  hand,  when  the  litharge  is  in  porous  pieces,  as  large  as  a  hen's  egg, 
the  action  pervades  the  whole  body,  and  the  sooty  fumes  of  the  coal  effect  the  reduction 
even  in  the  centre  of  the  fragments  of  the  litharge,  penetrating  into  every  fissure  and 
carrj'ing  off  the  oxygen.  The  heat  ought  never  to  be  urged  so  far  as  to  melt  the 
litharge. 

The  grounds  of  the  cupel,  and  the  slag  of  the  reduction  furnace,  being  a  mixture  of 
small  coke,  coal  ash,  and  oxyde  of  ii'on,  more  or  less  impregnated  with  lead,  are  smelted 
upon  the  slag  hearth,  along  with  coke,  and,  by  way  of  flux,  with  a  certain  quantity  of  the 
black  scorice  obtained  from  the  same  furnace,  prepared  for  this  purpose,  by  running  it 
out  in  thin  plates,  and  breaking  it  into  small  pieces.  The  lead  thus  obtained  is  usually 
very  white,  very  hard,  and  not  susceptible  of  refinement. 

MM.  Dufrenoy  and  Beaumont  consider  the  smelting  of  lead  ore  by  the  reverberatory 
furnace,  as  practised  in  Derbyshire,  as  probably  preferable  to  that  with  the  slag  hearth 
as  carried  on  in  Brittany ;  a  process  which  seldom  gives  uniform  products,  while  it  occa- 
sions a  more  considerable  waste  of  lead  and  consumption  of  fuel. 

The  mixed  process  employed  in  Cumberland  of  roasting  the  ore,  and  afterwards 
smelting  it  in  a  small  furnace  resembling  that  called  the  Scotch,  apparently  yields  a 
little  less  lead  than  if  both  operations  were  executed  in  the  reverberatory  furnace ;  but 
according  to  Mr.  Forster  (see  his  Treatise  mi  a  Section  of  the  Strata  from  Newcastle 
upon  Tyiie,  &c.),  this  slight  loss  is  more  than  compensated  by  the  smaller  consumption 
of  fuel,  the  increased  rapidity  of  the  operation,  and  especially  by  the  much  greater 
purity  of  the  lead  obtained  from  the  Scotch  furnace.  When  it  comes  to  be  refined,  the 
loss  is  only  about  one  twelfth  or  one  thirteenth,  whereas  the  lead  revived  in  the  rever- 
beratoiy furnace  loses  frequently  a  ninth.  Moreover,  the  lead  furnished  by  the  first 
method  admits  of  being  refined  with  profit,  when  it  yields  only  5  ounces  of  silver  per 
fodder  of  20  quintals,  jmds  de  marc,  while  that  produced  by  the  reverberatory  furnace 
cannot  be  cupelled  unless  it  gives  10  ounces  per  fodder ;  and  as  in  the  English  cupel- 
lation  lead  is  constantly  added  anew  without  skimming,  the  litharge  obtained  in  the 
second  case  can  never  be  brought  into  the  market,  whereas  the  litharge  of  the  leads  from 
the  Scotch  furnace  is  of  good  quality.  See  the  new  method  of  enriching  lead  for  cupel- 
lation,  under  Silver. 

As  the  smelting  of  galena,  the  principal  ore  of  lead,  is  not  a  little  complex,  the  follow- 
ing tabular  view  of  the  different  processes  may  prove  acceptable  to  the  metallurgist : — 


I.  Class. 
Treated  in  re- . 
verberatory 
furnaces. 


A 
Desulphura- 
tion  by  roast- 
ing. 


B 

Desulphura- 
tion  by  iron. 


Treatment  of 
/ 1,  Pure  ores. 

2.  Ores  mixed  with 
saline  gangues. 

3.  Ores  mixed  with 
earthy  gangues. 

4.  Ores   mixed  with 
several     sulphu- 
rets. 

5.  Ores  with  earthy, " 
saline,    and     sul- 
phurous    gan- 
gues. ^ 

6.  Ores  with  mattes, 
as  at  Vienne,  in 
Dauphiny. 


Process  of 
Pesey,  Spain,  &c. 
)  England,  in  gen- 
5      eral. 
/'Vicenago,  in 
!      Italy,  and  Red- 
j      ruth,  in  Com- 
(      wall. 

Combinied  with 
the  above. 


Vienne,  Poulla- 
ouen,  and  Tar- 
nowitz. 
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II.  Class. 
Treated  in  the 
mill-slag- 
hearth,    the  <J 
fourneau    H  I 
fnanche,    or  | 
Scotch    fur- 
nace. 


Founding  after 
roasting  in  a 
heap,  or  in  a 
reverbera- 
tory. 

B 

Founding  with 
direct   de- 
sulphuralion, 
by  metallic 


Treatment  of 

,  Ores  producing 
slags  of  various 
silicates. 


,  Ores  producing 
compound  sili- 
cate slags. 

,  Ores  producing 
slags  composed 
of  silicates  and 
subsilicates. 


Process  of 
r  Mattes,  with  raw 
j      lead. 

j  Workable     lead, 
(^     without  mattes. 
r  Mattes  and  work- 
able lead. 


Workable  lead.      < 

f  Mattes  and  work- ' 
able  lead.  J 

I  Poor    mattes  and 
1      workable  lead. 


)  Many    pla- 
)      ces. 

I  ViUefort. 

)  Several  pla- 
)     ces. 
C  PontGibaud 
^    and  Scotch 
(    furnace. 
i  Baad-Ems 
}    Hartz, 
f    Tarnowitz. 

Tarnowitz. 


The  annual  production  of  lead  in  Europe  may  be  estimated  at  about  80,000  tons ;  of 
which  four  sevenths  are  produced  in  England,  two  sevenths  in  Spain,  the  remainder  in 
Germany  and  Russia.  France  does  not  produce  more  than  one  five-hundredth  part  of  the 
whole ;  and  only  one  fiftieth  of  its  consumption. 

See  Litharge,  Minium,  or  Red  Lead,  Solder,  Sugar  or  Acetate  of  Lead,  Type 
Metal,  and  White  Lead. 

LEAD-SHOT  {Plomb  de  chasse,  Fr. ;  Schrof,  Flintenschrot,  Germ.).  The  origin  of 
most  of  the  imperfections  in  the  manufacture  of  lead-shot  is  the  too  rapid  cooling  of  the 
spherules  by  their  being  dropped  too  hot  into  the  water,  whereby  their  surfaces  form  a 
solid  crust,  while  their  interior  remains  fluid,  and,  in  its  subsequent  concretion,  shrinks, 
so  as  to  produce  the  irregularities  of  the  shot.  ' 

The  patent  shot  towers  originally  constrnclod  in  England  obviate  this  evil  by  exposing 
the  fused  spherules  after  they  pass  through  the  cullender,  to  a  large  body  of  air  during 
their  descent  into  the  water  tub  placed  on  the  ground.  The  greatest  erection  of  this  kind 
is  probably  at  Villach,  in  Carinthia,  being  240  Vienna,  or  249  English  feet  high. 

The  quantity  of  arsenic  added  to  the  mass  of  melted  lead,  varies  according  to  the 
quality  of  this  metal ;  the  harder  and  less  ductile  the  lead  is,  the  more  arsenic  must  be 
added.  About  3  pounds  of  either  white  arsenic  or  orpiment  is  enough  for  one  thousand 
parts  of  soft  lead,  and  about  8  for  the  coarser  kinds.  The  latter  are  employed  preferably 
for  shot,  as  they*  are  cheaper  and  answer  sufficiently  well.  The  arsenical  alloy  is  made 
either  by  introducing  some  of  this  substance  at  each  melting,  or  by  making  a  quantity  of 
the  compound  considerably  stronger  at  once,  and  adding  a  certain  portion  of  this  to  each 
charge  of  lead.  If  the  particles  of  the  shot  appear  lens  shaped,  it  is  a  proof  that  the 
proportion  of  arsenic  has  been  too  great ;  but  if  they  are  flattened  upon  one  side,  if  they 
are  hollowed  in  their  middle,  called  cupping  by  the  workman,  or  drag  with  a  tail  behind 
them,  the  proportion  of  arsenic  is  too  small. 

The  following  is  the  process  prescribed  by  the  patentees,  Ackerman  and  Marl  in.  Melt 
a  ton  of  soft  lead,  and  sprinkle  round  its  sides,  in  the  iron  pot,  about  two  shovelfuls  of 
wood  ashes,  taking  care  to  leave  the  centre  clear;  then  put  into  the  middle  about  40 
pounds  of  arsenic  to  form  a  rich  alloy  with  the  lead.  Cover  the  pot  with  an  iron  lid,  and 
lute  the  joints  quickly  with  loam  or  mortar,  to  confine  the  arsenical  vapors,  keeping  up 
a  moderate  fire  to  maintain  the  mixture  fluid  for  three  or  four  hours ;  after  which  skim 
carefully,  and  run  the  alloy  into  moulds  to  form  ingots  or  pigs.  The  com.position  thus 
made  is  to  be  put  in  the  proportion  of  one  pig  or  ingot  into  1000  pounds  of  melted  ordi- 
nary lead.  When  the  whole  is  well  combined,  take  a  perforated  skimmer  and  let  a  few 
drops  of  it  fall  from  some  height  into  a  tub  of  water.  If  they  do  not  appear  globular, 
some  more  arsenical  alloy  must  be  added. 

Lead  which  contains  a  good  deal  of  pewter  or  tin  must  be  rejected,  because  it  tends  to 
produce  elongated  drops  or  tails. 

From  two  to  three  tons  are  usually  melted  at  once  in  the  large  establishments.  Th6 
surface  of  the  lead  gets  covered  with  a  crust  of  oxyde  of  a  Avhite  spongy  nature,  some- 
times called  cream  by  the  workmen,  which  is  of  use  to  coat  over  the  bottom  of  the  cul- 
lender, because  without  such  abed  the  heavy  melted  lead  would  run  too  rapidly  through 
the  holes  for  the  granulating  process,  and  would  form  oblong  spheroids.  The  mounting 
of  this  filter,  or  lining  of  the  cullender,  is  reckoned  to  be  a  nice  operation  by  the  work- 
men, and  is  regarded  usually  as  a  valuable  secret. 

The  cullenders  are  hollow  hemispheres  of  sheet  iron,  about  10  inches  in  diameter,  per- 
forated with  holes,  which  should  be  perfectly  round  and  free  from  burs.  These  must  be 
of  a  uniform  size  in  each  cuUender ;  but  of  course  a  series  of  different  cullenders,  with 
sorted  holes  for  every  different  size  of  lead  shot,  must  be  prepared.  The  holes  have 
nearly  the  following  diameters  for  the  annexed  numbers  of  shot. 


I 


58 
1 
66 
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No.  0.  -  -  -  -  -  -    Jg.  of  an  insii 

1. 

2. 

3. 

"    Fo 
From  No.  5  to  No.  9  the  diameter  decreases  by  regular  gradations,  the  latter  being  only 
sh  °^  ^'^  "'''^• 

The  operation  is  always  carried  on  with  three  cullenders  at  a  time  ;  which  are  sup- 
ported upon  projecting  grates  of  a  kind  of  chafing  dish  made  of  sheet  iron  somewhat  like 
a  triangle.  This  chafing  dish  should  be  placed  immediately  above  the  fall ;  whUe  at  its 
bottom  there  must  be  a  tub  half  filled  with  water  for  receiving  the  granulated  lead.  The 
cullenders  are  not  in  contact,  but  must  be  parted  by  burning  charcoal,  in  order  to  keep  the 
lead  constantly  at  the  proper  temperature,  and  to  prevent  its  solidifying  in  the  filter.  The 
temperature  of  the  lead  bath  should  vary  with  the  size  of  the  shot ;  for  the  largest,  it 
should  be  such  that  a  bit  of  straw  plunged  into  it  will  be  scarcely  browned,  but  for  all  it 
should  be  nicely  regulated.  The  height  from  which  the  particles  should  be  let  fall  varies 
likewise  with  the  size  of  the  shot ;  as  the  congelation  is  the  more  rapid,  the  smaller  they 
are.  With  a  fall  of  33  yards  or  100  feet,  from  No.  4  to  No.  9  may  be  made ;  but  for 
larger  sizes,  150  feet  of  height  will  be  required. 

Every  thing  being  arranged  as  above  described,  the  workman  puts  the  filter-stufl'  into 
the  cullender,  pressing  it  well  against  the  sides.  He  next  pours  lead  into  it  with  an  iron 
ladle,  but  not  in  too  great  quantity  at  a  time,  lest  it  should  run  through  too  fast.  The 
shot  thereby  formed  and  found  in  the  tub  are  not  all  equal. 

The  centre  of  the  cullender  being  less  hot  affords  larger  shot  than  the  sides,  which  are 
constantly  surrounded  with  burning  charcoal.  Occasionally,  also,  the  three  cullenders 
employed  together  may  have  holes  of  different  sizes,  in  which  case  the  tub  may  contain 
shot  of  very  various  magnitudes.  These  are  separated  from  each  other  by  .square 
sieves  of  diiferent  fineness,  10  inches  broad  and  16  inches  long,  their  bottoms  being  of 
sheet  iron,  pierced  with  holes  of  the  same  diameters  as  those  of  the  cullenders.  These 
sieves  are  suspended  by  means  of  two  bands  above  boxes  for  receiving  the  shot ;  one 
sieve  being  usually  set  above  another  in  consecutive  numbers,  for  instance,  1  and  2.  The 
shot  being  put  into  the  upper  sieve.  No.  0  will  remain  in  it.  No.  1  will  remain  in  the 
lower  sieve,  and  No.  2  will,  with  all  the  others,  pass  through  it  into  the  chest  below.  It  is 
obvious  that  by  substituting  sieves  of  successive  fineness,  shot  of  any  dimension  may  be 
sorted. 

In  the  preceding  process  the  shot  has  been  sorted  to  size ;  it  must  next  be  sorted  to 
form,  so  as  to  separate  all  the  spheroids  which  are  not  truly  round,  or  are  defective  in  any 
respect.  For  this  purpose  a  board  is  made  use  of  about  27  inches  long  and  16  broad, 
furnished  partially  with  upright  ledges ;  upon  this  tray  a  handful  or  two  of  the  shot  to  be 
sorted  being  laid,  it  is  inclined  very  slightly,  and  gently  shaken  in  the  horizontal  direction, 
when  the  globular  particles  run  down  by  one  edge,  into  a  chest  set  to  receive  them,  while 
those  of  irregulai"  forms  remain  on  the  sides  of  the  tray,  and  are  reserved  to  be  remelted. 

After  being  sorted  in  this  way,  the  shot  requires  still  to  be  smoothed  and  polished 
bright.  This  object  is  effected  by  putting  it  into  a  small  octagonal  cask,  through  a  door 
in  its  side,  turning  upon  a  horizontal  iron  axis,  M'hich  rests  in  plummer  boxes  at  its  ends, 
and  is  made  to  revolve  by  any  mechanical  power.  A  certain  quantity  of  plumbago  or 
black  lead  is  put  in  along  with  the  shot. 

LAZULITE  (Eng.  and  Fr. ;  Lazulith,  Germ.)  is  a  blue  vitreous  mineral,  crystallizing 
in  rhomboidal  dodecahedrons ;  spec,  grav.,  2-76  to  2*94 ;  scratches  glass  ;  affords  a  little 
■water  by  calcination  ;  fusible  into  a  white  glass;  dissolves  in  acids  with  loss  of  color; 
solution  leaves  an  alkaline  residuum,  after  being  treated  with  carbonate  of  ammonia,  fil- 
tered, evaporated,  and  calcined.  It  consists  of  silica,  35-8;  alumina,  34-8;  soda,  23-2  ; 
sulphur,  3*1 ;  carbonate  of  lime,  3-1.  This  beautiful  stone  affords  the  native  ultramarim 
pigment,  which  was  very  costly  till  a  mode  of  making  it  artificially  was  lately  discovered. 
See  Ultramarine. 

LEATHER  (Cuir,  Fr. ;  Germ.,  Leder)  is  the  skin  of  animals,  so  modified  by  chemical 
means  as  to  have  become  unalterable  by  the  external  agents  which  tend  to  decompose  it 
in  its  natural  state.  The  preparation  in  a  rude  manner  of  this  valuable  substance,  has 
been  known  from  the  most  ancient  times,  but  it  was  not  till  the  end  of  the  last,  and  the 
beginning  of  the  present  century,  that  it  besan  to  be  manufactured  upon  right  principles, 
in  consequence  of  the  researches  of  Macbride,  Deyeux,  Seguin,  and  Davy.  There  are 
several  varieties  of  leather,  such  as  sole  leather,  boot  or  upper  leather,  shamoy  leather, 
kid  or  £:love  leather,  &c.  Skins  may  be  converted  into  leather  either  with  or  without 
their  hairy  coat. 

We  shall  treat  first  of  sole  and  upper  leathers,  being  the  most  important,  and  most 
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costly  and  difficult  to  prepare  in  a  proper  manner.  These  kinds  consist  of  organized 
fibrous  gelatine  or  skin,  combined  with  the  proximate  vegetable  principle,  tannin,  and 
probably  also  some  vegetable  extractive.  Under  the  articles  Galls  and  Tannin,  will 
be  found  an  account  of  the  properties  of  this  substance,  and  the  means  of  obtaining  it  in  a 
state  of  purity.  Calf  leather  quickly  tanned  by  an  infusion  of  galls,  consists  of  61  paits 
of  skin,  and  39  of  vegetable  matter  in  100  by  weight;  by  solution  of  catechu,  it  consists 
of  80  of  skin,  and  20  of  vegetable  matter  ;  by  infusion  of  Leicester  willow,  of^  74-5  skin, 
and  25'5  vegetable  matter;  and  by  infusion  of  oak  bark,  of  73-2  skin,  and  26*8  vegetable 
matter.  By  the  slow  process  of  tanning,  continued  for  three  months,  the  increase  of 
weight  upon  the  skin  in  its  conversion  into  leather,  is  greatly  less ;  the  vegetable  consti- 
tuents being  from  Leicester  willow  only  13  per  cent,  of  the  leather,  and  from  oak  bark 
15  per  cent.  Sole  leather,  however,  generally  contains  no  less  than  40  per  cent,  of  vege- 
table matter.  In  every  astringent  bark,  the  inner  white  part  next  to  the  alburnum,  con- 
tains the  largest  quantity  of  tannin,  and  the  middle  colored  part  contains  most  extractive 
matter.  The  outer  surface  or  epidermis  seldom  furnishes  either  tannin  or  extractive 
matter.  Young  trees  abound  most  in  the  white  cortical  layers,  and  are  hence  more  pro- 
ductive of  tannin  under  equal  weights,  than  the  barks  of  old  trees.  In  no  case  is  there 
any  reason  to  believe  that  the  gallic  acid  of  astringent  vegetables  is  absorbed  in  the  pro- 
cess of  making  leather;  hence  Seguin's  theory  of  the  agency  of  that  substance  in  disoxy- 
genating  skin,  falls  to  the  ground.  The  diiSerent  qualities  of  leather  made  with  the 
same  kind  of  skin,  seem  to  depend  very  much  upon  the  diflerent  quantities  of  extractive 
matter  it  may  have  absorbed.  The  leather  made  with  infusion  of  gaUs,  is  generally 
harder  and  more  liable  to  crack  than  the  leather  obtained  from  infusions  of  barks;  and 
it  always  contains  a  much  larger  proportion  of  tannin,  and  a  smaller  proportion  of  extrac- 
tive matter. 

When  calf  skin  is  slowly  tanned  in  weak  solutions  of  the  bark,  or  of  catechu,  it  com- 
bines with  a  good  deal  of  extractive  matter,  and  though  the  increase  of  the  weight  of  the 
skin  be  comparatively  small,  yet  it  has  become  perfectly  insoluble  in  water,  forming  a 
soft,  but  at  the  same  time  a  strong  leather.  The  saturated  infusions  of  astringent  barks 
contain  much  less  extractive  matter  in  proportion  to  their  tannin,  than  the  weak  infu- 
sions ;  and  when  skin  is  quickly  tanned  in  the  former,  it  produces  a  worse  and  less 
durable  leather  than  when  slowly  tanned  in  the  latter.  In  quick  tanning,  a  considerable 
quantity  of  vegetable  extractive  matter  is  thus  lost  to  the  manufacturer,  which  might 
have  been  made  to  enter  as  a  useful  constituent  into  the  leather.  These  observations 
show  that  there  is  sufficient  foundation  for  the  opinion  of  the  common  workmen,  con- 
cerning what  is  technically  called  feeding  of  leather,  in  the  slow  method  of  tanning; 
and  though  the  processes  of  this  art  have  been  unnecessarily  protracted  by  defective 
methods  of  steeping,  and  want  of  progressive  infiltration  of  the  astringent  liquor  through 
the  skins,  yet  in  general  they  appear  to  have  arrived,  in  consequence  of  old  experience,  at 
a  degree  of  perfection  in  the  quality  of  the  leather,  which  cannot  be  far  exceeded  by 
means  of  any  theoretical  suggestions  which  have  been  advanced. 

On  the  first  view  it  may  appear  surprising,  that  in  those  cases  of  quick  ta'  ning, 
where  extractive  matter  forms  a  cei'tain  portion  of  the  leather,  the  increase  of  weight  is 
less  than  when  the  skin  is  combined  with  the  pure  tannin ;  but  the  fact  is  easily  account- 
ed for,  when  we  consider  that  the  attraction  of  skin  for  tannin  must  be  probably  weak- 
ened by  its  union  with  extractive  matter ;  and  whether  we  suppose  that  the  tannin  and 
extractive  matter  enter  together  into  combination  with  the  matter  of  skin,  or  unite  with 
separate  portions  of  it,  still,  in  either  case,  the  primary  attraction  of  skin  for  tan  must  be 
to  a  certain  extent  diminished. 

In  examining  astringent  vegetables  in  relation  to  their  power  of  making  leather,  it  is 
necessary  to  take  into  account  not  only  the  quantity  they  may  contain  of  the  substance 
precipitable  by  gelatine,  but  likewise  the  quantity  and  the  nature  of  the  extractive  matter ; 
and  in  cases  of  comparison,  it  is  essential  to  employ  infusions  of  the  same  degree  of  con- 
centration. 

Of  all  astringent  substances  hitherto  examined,  catechu  is  that  which  contains  the 
largest  proportion  of  tannin ;  and  in  supposing,  according  to  the  usual  estimation,  that 
from  four  to  five  pounds  of  common  oak  bark  are  required  to  produce  one  pound  of 
leather,  it  appears,  from  the  various  synthetical  experiments,  that  about  half  a  pound  of 
catechu  would  answer  the  same  purpose.  Mr.  Purkis  found,  by  the  results  of  difl'erent 
accurate  experiments,  that  1  pound  of  catechu  was  equivalent  to  7  or  8  of  oak  bark. 
For  the  common  purposes  of  the  tanner,  1  pound  of  it  would  be  equivalent  also  to  2f 
pounds  of  galls,  to  7|  of  the  Leicester  willow,  to  11  of  the  bark  of  the  Spanish  chestnut, 
to  18  of  the  bark  of  the  common  elm,  to  21  of  the  bark  of  the  common  willow,  and  to  3 
pounds  of  sumach. 

Various  menstrua  have  been  proposed  for  the  purpose  of  expediting  and  improving  the 
process  of  tanning,  among  others,  lime  water,  and  solution  of  pearl-ash ;  but  as  these 
two  substances  form  compounds  with  tannin  which  arc  not  decomposable  by  gelatine,  -t 
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follows  that  theii-  effects  must  be  prejudicial.  There  is  very  little  reason  to  suppose  that 
any  bodies  •will  be  found  which,  at  the  same  time  that  they  increase  the  solubility  of  tan- 
nin in  water,  will  not  likewise  diminish  its  attraction  for  skin. 

In  this  country  all  tanned  leather  is  distinguished  into  two  kinds,  called  hides  and 
skins ;  the  former  term  being  appropriated  to  that  made  from  the  larger  animals,  as 
bulls,  buffaloes,  oxen,  and  cows,  into  thick  strong  sole  leather ;  and  the  latter  to  that 
made  from  calves,  seals,  &c.,  into  thinner  and  more  flexible  upper  leather.  Sometimes 
the  hides  are  bi'ought  into  the  market  merely  diied,  as  from  Buenos  Ayres ;  or  dried  and 
salted,  as  from  Bahia  and  Pernambuco ;  but  the  greater  part  are  fresh  from  recently 
slaughtered  animals.  The  heaviest  ox-hides  are  preferred  for  forming  butts  or  backs, 
which  are  manufactured  as  follows  : — 

The  washing  process  must  be  more  or  less  elaborate,  according  to  the  state  of  the  skins. 
Those  that  are  salted  and  dry  require  to  be  steeped,  beaten,  and  rubbed  several  times  al- 
ternately, to  bring  them  to  the  fresh  condition. 

After  removing  the  horns,  ihe  softened  or  recent  hides  are  laid  in  a  heap  for  two  or 
ihi'ee  days,  after  which  they  are  suspended  on  poles  in  a  close  room  called  a  smoke- 
house, healed  somewliat  above  the  common  temperature  by  a  smouldering  fire.  In  these 
circumstaaces,  a  slight  putrefaction  supervenes,  which  loosens  the  epidermis,  and  renders 
the  hair  easily  detachable  by  the  JJeshing  knife  ;  a  large  two  handled  implement,  with  a 
blunt  edge,  and  bent  to  suit  the  curvature  of  the  rounded  beam  of  the  wooden  horse  upon 
which  the  hide  is  scraped.     See  Currying. 

The  next  step  is  immersion  in  a  pit  containing  water  impregnated  with  about  a  1000th 
part  of  sulphuric  acid.  This  process  is  called  raising,  because  it  distends  the  pores,  and 
makes  the  fibres  swell,  so  as  to  render  the  skins  more  susceptible  of  the  action  of  the  tan- 
ning infusions.  Forty-eight  hours  in  general  suffice  for  this  operation,  but  more  time  may 
be  safely  taken. 

When  the  hides  are  found  to  be  sufficiently  raised,  they  are  transferred  to  a  pit,  in 
which  they  are  stratified  with  oak  bark,  ground  by  a  proper  mill  into  a  coarse  powder. 
The  pit  is  then  filled  up  with  an  infusion  of  oak  bark  called  ooze,  and  the  hides  are 
allowed  to  remain  in  it  for  about  a  month  or  six  weeks.  By  this  time  the  tannin  and 
extractive  matter  of  the  bark  having  combined  intimately  with  the  animal  fibre,  the 
pit  is  exhausted  of  its  virtue,  and  must  be  renewed,  by  taking  out  the  spent  bark,  and 
subjecting  the  skins  to  a  fresh  dose  of  oak  bark  and  ooze.  The  hides  which  were 
placed  near  the  top  of  the  first  pit,  must  be  placed  near  the  bottom  of  the  next.  In  this 
mixture  they  remain,  upon  the  old  practice,  about  three  months.  The  last  process 
being  repeated  twice  or  thrice,  perfectly  tanned  leather  is  the  result.  The  hides  are  now 
removed  from  the  pit,  and  hung  up  in  a  shed.  In  the  progress  of  drying,  which  should 
be  slow,  they  are  compressed  with  a  steel  tool,  and  beaten  smooth,  to  render  them  more 
firm  and  dense. 

Some  manufacturers  place  on  the  bottom  of  the  pit  5  or  6  inches  of  spent  bark,  over 
it  2  inches  of  fresh  bark,  then  a  skin  ;  and  so,  alternately,  a  layer  of  new  bark  and  a  skin, 
till  the  pit  is  nearly  full,  reserving  a  small  space  at  top  for  a  thicker  layer  of  bark,  over 
which  wei'^hted  boards  are  laid,  to  condense  the  whole  down  into  the  tanning  infusion. 

The  operation  of  tanning  sole  leather  in  the  above  way,  lasts  a  year  or  a  year  and  a 
half,  accordins;  to  the  quality  wanted,  and  the  nature  of  the  hides. 

A  perfect  leather  is  recognised  by  its  section,  which  should  have  a  glistening  marbled 
appearance,  without  any  white  streaks  in  the  middle. 

Crop  hides  are  manufactured  by  immersion,  during  three  or  four  days,  in  pits  contain- 
ing millc  of  lime ;  in  which  they  are  occasionally  moved  up  and  down  in  order  to  expose 
them  equally  to  the  action  of  this  menstruum.  They  are  then  removed,  and  cleared 
from  hair  and  impurities,  by  using  the  fleshing  knife  upon  the  horse  ;  after  which  they 
must  be  completely  freed  from  the  lime  by  a  thorough  washing.  They  are  next 
plunged  in  pits  containing  a  weak  ooze  or  infusion  of  oak  bark,  from  which  they  are 
successively  transferred  into  other  pits  with  stronger  ooze ;  all  the  while  being  daily 
haiulled,  that  is,  moved  up  and  down  in  the  infusion.  This  practice  is  continued  for 
about  a  month  or  six  weeks.  They  are  now  ready  to  be  subjected  to  a  mixture  of  ground 
oak  bark  and  stronger  ooze  in  other  pits,  to  a  series  of  which  they  are  progressively  sub- 
jected during  two  or  three  months. 

The  hides  are  next  put  into  large  vats,  called  layers,  in  which  they  are  smoothly  strati- 
fied with  more  oak  bark,  and  a  stronger  infusion  of  it.  Afler  six  weeks  they  are  taken 
out  of  these  vats,  and  subjected  to  a  new  charge  of  the  same  materials  for  two  months. 
This  simi)le  process  is  repeated  twice  or  thrice,  at  the  option  of  the  manufacturer,  till 
the  hides  are  thoroughly  tanned.  They  are  then  slowly  dried,  and  condensed  in  the  man- 
ner above  described.  These  crop  hides  form  the  principal  part  of  the  sole  leather  used 
for  home  consumption  in  England. 

The  process  of^  tanning  skins  (as  of  calves,  seals,  &c.)  is  in  some  respects  peculiar. 
They  are  left  in  the  lime  pits  for  about  twelve  days,  when  they  are  stripped  of  their 
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hair,  washed  in  water,  then  immersed  in  a  lixivium  of  pigeons'  dung,  called  a  grainer,  of 
an  alkaline  nature.  Here  they  remain  from  ei^ht  to  ten  days,  according  to  the  state  of 
the  atmosphere,  during  which  time  they  are  frequently  handled,  and  scraped  on  both 
sides  upon  a  convex  wooden  beam.  This  scraping  or  working,  as  it  is  termed,  joined  to 
the  action  of  the  grainer,  serves  to  separate  the  lime,  oil,  and  glutinous  matter,  and  to 
render  the  skin  pliant,  soft,  and  ready  to  imbibe  the  tanning  principle.  They  are  with 
this  view  transferred  into  pits  containing  a  weak  solution  of  bark,  in  which  they  undergo 
nearly  the  same  treatment  as  described  above  for  crop  hides ;  but  they  are  not  com- 
monly stratified  in  the  layers.  The  time  occupied  in  tanning  them  is  usually  limited 
to  three  months.  They  are  then  dried,  and  disposed  of  to  the  currier,  who  dresses  and 
blackens  them  for  the  upper  leathers  of  boots  and  shoes,  for  harness,  and  other 
purposes.  The  light  and  thin  sorts  of  cow  and  horse  hides  are  often  treated  like  calf 
skins. 

In  all  the  above  processes,  as  the  animal  fibres  on  the  surface  of  the  skin  absorb  most 
readily  the  tanning  principles,  and  thereby  obstruct,  in  a  certain  degree,  their  passage 
into  the  interior  fibres,  especially  of  thick  hides,  it  becomes  an  object  of  importance  to 
contrive  some  method  of  overcoming  that  obstacle,  and  promoting  the  penetration  of 
the  tan.  The  first  manufacturer  who  appears  to  have  employed  efficacious  mechanical 
means  of  favoring  the  chemical  action  was  Francis  G.  Spilsbury,  who  in  April,  1823, 
obtained  a  patent  for  the  following  operation : — After  the  hides  are  freed  from  the 
hairs,  &c.  in  the  usual  way,  they  are  minutely  inspected  as  to  their  soundness,  and  if 
any  holes  be  found,  they  are  carefully  sewed  up,  so  as  to  be  water  tight.  Three  frames 
of  wood  are  provided  of  equal  dimensions,  fitted  to  each  other,  with  the  edges  of 
the  frames  held  together  by  screw  bolts.  A  skin  about  to  be  tanned  is  now  laid  upon 
the  frame,  and  stretched  over  its  edges,  then  the  second  frame  is  to  be  placed  upon 
it,  so  that  the  edges  of  the  two  frames  may  pinch  the  skin  all  round  and  hold  it  securely; 
another  such  skin  is  then  stretched  over  the  upper  surface  of  the  second  frame,  in  like 
manner,  and  a  third  frame  being  set  upon  this,  confines  the  second  skin.  The  three 
frames  are  then  pinched  tightly  together  by  a  series  of  screw  bolts,  passing  through  ears 
set  round  their  outer  edges,  which  fix  the  skin  in  a  proper  manner  for  being  operated  upon 
by  the  tanning  liquor. 

A  space  has  been  thus  formed  between  the  two  skins,  into  Avhich,  when  the  frames 
are  set  upright,  the  infusion  is  introduced  by  means  of  a  pipe  from  the  cistern  above, 
while  the  aii-  is  permitted  to  escape  by  a  stopcock  below.  This  cock  must  of  course  be 
shut  whenever  the  bag  is  filled,  but  the  one  above  is  left  open  to  maintain  a  communica- 
tion with  the  liquor  cistern,  and  to  allow  the  hydrostatic  pressure  to  force  the  liquor 
through  the  cutaneous  pores  by  a  slow  infiltration,  and  thus  to  bring  the  tannin  into  con- 
tact with  all  the  fibres  indiscriminately.  The  action  of  this  pressure  is  evinced  by  a  con- 
stant perspiration  on  the  outer  surfaces  of  the  skins. 

When  the  tanning  is  completed,  the  upper  stopcock  is  closed,  and  the  under  is  opened 
to  run  off  the  liquor.  The  frames  are  now  removed,  the  bolts  are  unscrewed,  and  the 
pinched  edges  of  the  skins  pared  oflf;  after  which  they  are  to  be  dried  and  finished  in  the 
usual  manner. 

A  modification  of  this  ingenious  and  eff"ectual  process  was  made  the  subject  of  a 
patent,  by  William  Drake,  of  Bedminster,  tanner,  in  October,  1831.  The  hides,  after 
the  usual  preparatory  processes,  are  immersed  in  a  weak  tan  liquor,  and  by  frequent 
handling  or  turning  over,  receive  an  incipient  tanning  before  being  submitted  to  the 
infiltration  plan.  Two  hides,  as  nearly  of  the  same  size  S,nd  shape  as  possible,  are  placed 
grain  to  grain,  when  their  corresponding  edges  are  sewed  firmly  together  all  round 
by  shoemakers'  waxed  thread,  so  as  to  form  a  bag  sufficiently  tight  to  hold  tan  liquor. 
This  bag  must  then  be  suspended  by  means  of  loops  sewed  to  its  shoulder  end,  upon 
pegs,  in  such  a  manner  that  it  may  hang  within  a  wooden-barred  rack,  and  be  confined 
laterally  into  a  book  form.  About  an  inch  of  the  bag  is  left  unsewed  at  the  upper  end, 
for  the  purpose  of  introducing  a  funnel  through  which  the  cold  tan  liquor  is  poured  into 
the  bag  till  it  be  full.  After  a  certain  interval  which  varies  with  the  quality  of  the  hides, 
the  outer  surface  becomes  moist,  and  drops  begin  to  form  at  the  bottom  of  the  bag.  These 
are  received  in  a  proper  vessel,  and  when  they  accumulate  sufficiently  may  be  poured 
back  into  the  funnel ;  the  bag  being  thus,  as  well  as  by  a  fresh  supply  from  above,  kept 
constantly  distended. 

AVhen  the  hides  are  observed  to  feel  hard  and  firm,  while  every  part  of  them  feels 
equally  damp,  the  air  of  the  tanning  apartment  having  been  always  well  ventilated,  is 
now  to  be  heated  by  proper  means  to  a  temperature  gradually  increasing  from  70° 
to  150°  of  Fahrenheit's  scale.  This  heat  is  to  be  maintained  till  the  hides  become 
firmer  and  harder  in  all  parts.  When  they  be?in  to  assume  a  black  appearance  in  some 
parts,  and  when  the  tan  liquor  undergoes  little  diminution,  the  hides  may  be  considered 
to  be  tanned,  and  the  bag  may  be  emptied  by  cutting  a  few  stitches  at  its  bottom. 
The  outer  edges  being  pared  off,  the  hides  are  to  be  finished  in  the  usual  way.     Daring 
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their  suspension  within  the  racks,  the  hides  should  be  shifted  a  little  sideways,  to 
prevent  the  formation  of  furrows  by  the  bars,  and  to  facilitate  the  equable  action  of  the 
liquor. 

By  this  process  the  patentee  says,  that  a  hide  may  be  tanned  as  completely  in  ten 
days  as  it  could  be  in  ten  months  by  the  usual  method.  I  have  seen  a  piece  cf  sole  leather 
thus  rapidly  tanned,  and  it  seemed  to  be  perfect.  How  it  may  wear,  compared  with  that 
made  in  the  old  way,  I  cannot  pretend  to  determine. 

Messrs.  Knowlys  and  Duesbury  obtained  a  patent  in  August,  1826,  for  accelerating 
the  impregnation  of  skins  with  tannin,  by  suspending  them  in  a  close  vessel,  from  which 
the  air  is  to  be  extracted  by  an  air  pump,  and  then  the  tanning  infusion  is  to  be  admitted. 
In  this  way,  it  is  supposed  to  penetrate  the  hide  so  effectually  as  to  tan  it  uniformly  in  a 
short  time. 

About  32  years  ago,  a  similar  vacuum  scheme  was  employed  to  impregnate  with 
weavers'  paste  or  starch,  the  cops  of  cotton  weft,  for  the  dandy  looms  of  Messrs.  Radcliff 
and  Ross,  of  Stockport. 

Danish  leather  is  made  by  tanning  lamb  and  kid  skins  with  willow  bark,  whence  it  de- 
rives an  agreeable  smell.     It  is  chiefly  woiked  up  into  gloves. 

Of  the  tawing  or  dressing  of  skins  for  gloves,  and  white  sheep  leather. 

The  operations  of  this  art  are  :  1.  washing  the  skins  ;  2.  properly  treating  them  with 
lime;  3.  taking  off  the  fleece;  4.  treatment  in  the  leather  steep. 

A  shed  erected  upon  the  side  of  a  stream,  with  a  cistern  of  water  for  washing  the 
skins ;  wooden  horses  for  cleaning  them  with  the  back  of  the  fleshing  knife ;  pincers 
for  removing  the  fibres  of  damaged  wool ;  a  plunger  for  depressing  the  skins  in  the 
pits  ;  a  lime  pit ;  a  pole  with  a  bag  tied  to  the  end  of  it ;  a  two-handed  fleshing  knife  ; 
a  rolling  pin,  from  15  to  18  inches  long,  thickened  in  the  middle ;  such  are  some  of  the 
utensils  of  a  tawing  establishment.  There  must  be  provided  also  a  table  for  applying  the 
oil  to  the  skins ;  a  fulling  mill,  worked  by  a  water-wheel  or  other  power ;  a  dressing  peg ; 
a  press  for  squeezing  out  the  fatty  filth ;  a  stove  ;  planks  mounted  upon  legs,  for  stretch- 
ing the  skins,  &c. 

Fresh  skins  must  be  worked  immediately  after  being  washed,  and  then  dried,  other- 
wise they  ferment,  and  contract  either  indelible  spots,  or  get  tender  in  certain  points,  so 
as  to  open  up  and  tear  under  the  tools.  When  received  in  the  dry  state  they  should 
be  steeped  in  water  for  two  days,  and  then  treated  as  fresh  skins.  They  are  next  strongly 
rubbed  on  the  convex  horse-beam  with  a  round-edged  knife,  in  order  to  make  them  pli- 
ant. The  rough  parts  are  removed  by  the  fleshing  knife.  One  workman  can  in  this  way 
prepare  200  skins  in  a  day. 

The  flesh  side  of  each  being  rubbed  with  a  cold  cream  of  lime,  the  skins  are  piled 
together  with  the  woolly  side  of  each  pair  outermost,  and  the  flesh  sides  in  contact. 
They  are  left  in  this  state  for  a  few  days,  till  it  is  found  that  the  wool  may  be  easily  re- 
moved by  plucking. 

They  are  next  washed  in  running  water,  to  separate  the  greater  part  of  the  lime, 
stripped  of  the  wool  by  small  spring  tweezers,  and  then  fleeced  smooth  by  means  of  the 
roUing-pin,  or  sometimes  by  rubbing  with  a  whetstone.  Unless  they  be  fleeced  soon 
after  the  treatment  with  lime,  they  do  not  well  admit  of  this  operation  subsequently,  as 
they  are  apt  to  get  hard. 

They  are  now  steeped  in  thfe  milk  of  lime-pit,  in  order  to  swell,  soften,  and  cleanse 
them;  afterwards  in  a  weak  pit  of  old  lime-water,  from  which  they  are  taken  out  and 
drained.  This  steeping  and  draining  upon  inclined  tables,  are  repeated  frequently  during 
the  space  of  3  weeks.  Only  the  skins  of  young  animals,  or  those  of  inferior  value,  are 
tawed.     Sometimes  the  wool  is  left  on,  as  for  housings,  &c. 

The  skins,  after  having  been  well  softened  in  the  steeps,  are  rubbed  on  the  outside 
with  a  whetstone  set  in  a  wooden  case  with  two  handles,  in  order  to  smooth  them 
completely  by  removing  any  remaining  filaments  of  wool.  Lamb  skins  are  rubbed 
with  the  pin  in  the  direction  of  their  breadth,  to  give  them  suppleness  ;  but  sheep  skins 
are  fulled  with  water  alone.  They  are  now  ready  for  the  branning,  which  is  done  by 
mixing  40  lbs.  of  bran  with  20  gallons  of  water,  and  keeping  them  in  this  fermentable 
mixture  for  three  weeks — with  the  addition,  if  possible,  of  some  old  bran  Avater.  Here 
they  must  be  frequently  turned  over,  and  carefully  watched,  as  it  is  a  delicate  operation. 
In  the  course  of  two  days  in  summer,  and  eight  in  winter,  the  skins  are  said  to  be 
raised,  when  they  sink  in  the  water.  On  coming  out  of  the  bran,  they  are  ready 
for  the  white  stufl';  which  is  a  bath  composed  of  alum  and  sea-salt.  Twelve,  fourteen, 
and  sometimes  eighteen  pounds  of  alum  for  100  skins,  form  the  basis  of  the  bath ;  to 
which  two  and  a  half  pounds  of  salt  are  added  in  winter,  and  three  in  summer.  These 
ingredients  are  introduced  into  a  copper  with  twelve  gallons  of  water.  The  salt  aids 
in  the  whitening  action.     When  the  solution  is  about  to  boil,  three  gallons  of  it  are 
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passed  through  the  cullender  into  a  hasin  ;  in  this  26  skins  are  worked  one  after  another, 
and,  after  draining,  they  are  put  together  into  the  bath,  and  left  in  it  for  ten  minutes  to 
imbibe  the  salts.  They  are  now  ready  to  receive  the  paste.  For  100  skins,  ft-om  13  to 
15  pounds  of  wheat  flour  are  used  along  with  the  yolks  of  50  eggs.  After  having  warmed 
the  alum  bath  through  which  the  skins  have  been  passed,  the  flower  is  dusted  into  it, 
with  careful  stirring.  The  paste  is  well  kneaded  by  the  gradual  addition  of  the  solution, 
and  passed  through  the  cullender,  whereby  it  becomes  as  clear  as  honey.  To  this  the 
yolks  being  added,  the  whole  is  incorporated  with  much  manual  labor.  The  skins  are 
worked  one  after  another  in  this  paste  ;  and  afterwards  the  whole  together  are  left  im- 
mersed in  it  for  a  day.  They  are  now  stretched  and  dried  upon  poles,  in  a  proper  apart- 
ment, during  from  8  to  15  days,  according  to  the  season. 

The  effects  of  the  paste  are  to  whiten  the  skins,  to  soften  them,  and  to  protect  them 
from  the  hardening  influence  of  the  atmosphere,  which  would  naturally  render  them 
brittle.  They  would  not  bear  working  upon  the  softening  irom,  but  for  the  emulsion 
which  has  been  introduced  into  their  substance.  With  this  view  they  are  dipped  in  a  tub 
of  clear  water  during  five  or  six  minutes,  and  then  spread  and  worked  upon  the  board. 
They  are  increased  by  this  means  in  length,  in  the  proportion  of  5  to  3.  No  hard  points 
must  be  left  in  them.  The  whiteness  is  also  belter  brought  out  by  this  operation,  which 
is  performed  upon  the  flesh  side.  The  softening  tool  is  an  iron  plate,  about  one  foot 
broad,  rounded  over  above,  mounted  upon  an  upright  beam,  30  inches  high,  which 
is  fixed  to  the  end  of  a  strong  horizontal  plank,  3|  feet  long,  and  1  broad.  This  plank 
is  heavily  loaded,  to  make  it  immoveable  upon  the  floor.  Sometimes  the  skins  are  next 
spread  over  an  undressed  clean  sldn  upon  the  horse,  and  worked  well  with  the  two-handled 
knife,  for  the  purpose  of  removing  the  first  and  second  epidermis,  called  the  ficur  and 
arriere-Jieur  by  the  French  megissiers.  They  are  then  dried  while  stretched  by  hooks  and 
strings.  When  dry  they  are  worked  on  the  stretching  iron,  or  they  are  occasionally  pol- 
ished with  pumice  stone.  A  delicate  yellow  tint  is  given  by  a  composition  made  of  two 
parts  of  whitenmg,  and  one  of  ochre,  applied  in  a  moistened  state,  and  well  worked  in 
upon  the  grain  side.  After  being  polished  with  pumice,  they  are  smoothed  with  a  hot 
iron,  as  the  laundresses  do  linen,  whereby  they  acquire  a  degree  of  lustre,  and  are  ready 
to  be  delivered  to  the  glover. 

For  housings,  the  best  sheepskins  are  selected,  and  such  as  are  covered  with  the  longest 
and  most  beautiful  fieece.  They  are  steeped  in  water,  in  order  to  be  cleansed  and  soft- 
ened ;  after  which  they  are  thinned  inside  by  the  fleshing  knife.  They  are  now  steeped 
in  an  old  bran  pit  for  3  or  4  days,  when  they  are  taken  out  and  washed.  They  are  next 
subjected  to  the  white  or  alum  bath,  the  wool  being  carefully  folded  within ;  about  18 
pounds  of  alum  being  used  for  100  skins.  The  paste  is  made  as  for  the  fleeced  skins,  but 
it  is  merely  spread  upon  their  flesh  side,  and  left  upon  them  for  18  hours,  so  as  to  stiff"en. 
They  are  then  hung  up  to  dry.  They  are  next  moistened  by  sprinkling  cold  water 
upon  them,  folded  up,  piled  in  a  heap,  and  covered  with  boards  weighted  with  heavy 
stones ;  in  which  state  they  remain  for  two  days.  They  are  next  opened  with  a  round 
iron  upon  the  horse,  and  subjected  to  the  stretching  iron,  being  worked  broadwise.  The* 
are  dried  with  the  fleece  outermost,  in  the  sun  if  possible ;  and  are  finished  upon  lAe 
stretcher. 

Calf  and  lamb  skins  with  their  hair  and  wool  are  worked  nearly  in  the  same  manner ; 
only  the  thicker  the  skin,  the  stronger  the  alum  bath  ought  to  be.  One  pound  of  alum 
and  one  of  salt  are  required  for  a  single  calf  skin.  It  is  left  four  days  in  this  bath,  after 
which  it  is  worked  upon  the  stretcher,  then  fulled  ;  when  half  dry  the  skins  are  opened 
upon  the  horse.  In  eight  days  of  ordinary  weather,  they  may  be  completely  da-essed. 
Lamb  skins  are  sometimes  steeped  during  eight  days  in  a  bath  prepared  with  unbolted 
rye  flour  and  cold  water,  in  which  they  are  daily  moved  about  two  or  three  times. 
They  are  then  dried,  stretched  upon  the  iron,  and  switched  upon  the  fleecy  side. 

Chamois  or  Sharnoy  leather. — The  skins  are  first  washed,  limed,  fleeced,  and  branned 
as  above  described.  They  are  next  efflowered,  that  is,  deprived  of  their  epidermis  by  a 
concave  knife,  blunt  in  its  middle  part,  upon  the  convex  horse-beam.  The  cutting  part 
serves  to  remove  all  excrescences,  and  to  equalize  the  thickness,  while  the  blunt  part 
softens  and  smooths.  The  skins  of  goats,  does,  and  chamois,  are  always  treated  in  this 
way.  They  are  next  subjected  to  the  fermenting  bran  steep  for  one  or  two  days,  in 
ordinary  weather ;  but  in  hot  weather  for  a  much  shorter  time,  sometimes  only  moving 
them  in  the  sour  bran  liquor  for  a  few  minutes.  They  are  lastly  wrung  at  the  peg,  and 
subjected  to  the  lulling  mill. 

When  the  skins  have  been  sufficiently  swelled  and  suppled  by  the  branning,  they  may 
receive  the  first  oil  as  follows  :  a  dozen  skins  being  stretched  upon  the  table,  the  fingers 
are  dipped  in  the  oil,  and  shaken  over  the  skins  in  difft-rent  places,  so  as  to  impart 
enough  of  it  to  imbue  the  whole  surface  sli<;htly,  by  friction  with  the  palms  of  the 
hands.  It  is  to  the  outside  or  grain  that. the  oil  is  applied.  The  skins  are  folded  four 
together,  so  as  to  form  balls  of  the  size  of  a  hog's  bladder,  and  thrown  into  the  trough 
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of  the  fulling  mill,  to  the  number  of  twelve  dozen  at  once.  Here  they  rema/n  exposed 
to  the  heater  for  two,  three,  or  four  hours,  according  to  their  nature  and  the  state  of  the 
weather.  They  are  taken  out,  aired,  oiled,  and  again  fuUed.  The  airing  and  fulling 
are  repeated  several  times,  with  more  or  less  frequent  oilings.  Any  cheap  animal  oil  is 
employed. 

After  these  operations,  the  skins  require  to  be  subjected  to  a  fermenting  process,  to  dUate 
their  pores,  and  to  facilitate  their  combination  with  the  oil.  This  is  performed  in  a  cham- 
ber only  6  feet  high,  and  10  or  12  feet  square.  Poles  are  suspended  horizontally  a  few 
inches  from  the  ceiling,  with  hooks  fixed  in  them  to  which  the  skins  are  attached.  A 
somewhat  elevated  temperature  is  maintained,  and  by  a  stove  if  need  be.  This  opera- 
tion requires  great  skill  and  experience. 

The  remainder  of  the  epidermis  is  next  removed  by  a  blunt  concave  knife  and  the 
horse  ;  whereby  the  surface  is  not  cut,  but  rather  forcibly  scraped. 

The  skins  are  now  scoured  to  carry  off  the  redundant  oil ;  -which  is  effected  by  a  pot- 
ash ley,  at  two  degrees  Baume,  heated  no  hotter  than  the  hand  can  bear.  In  this  they  are 
stirred  briskly,  steeped  for  an  hgur,  and  lastly  wrung  at  the  peg.  The  soapy  liquor  thus 
expelled  is  used  for  inferior  purposes.  The  clean  skins,  after  being  dried,  are  finished 
first  on  the  stretcher-iroii,  and  then  on  the  herse  or  stretching  frame. 

Leather  of  Hungary. — This  is  manufactured  by  impregnating  strong  hides  with  alum, 
common  salt,  and  suet ;  by  a  rapid  process  which  is  usually  completed  in  the  space  of 
two  months.  The  workshop  is  divided  into  two  parts  :  1.  A  shed  on  the  side  of  a 
stream,  furnished  with  wooden  horses,  fleshing  knives,  and  other  small  tools.  In  one 
comer  is  a  furnace  with  a  boiler  for  dissolving  the  alum,  a  vat  for  immersing  the  hides 
in  the  solution,  and  several  subsidiary  tubs.  2.  A  chamber,  6  feet  high,  by  15  feet 
square,  capable  of  being  made  very  tight,  for  preserving  the  heat.  In  one  corner  is  a 
copper  boiler,  of  sufficient  size  to  contain  170  pounds  of  tallow.  In  the  middle  of  the 
stove  is  a  square  stone  slab,  upon  which  an  iron  grate  is  placed  about  a  yard  square. 
This  is  covered  with  charcoal.  At  each  side  of  the  stove  are  large  tables,  which  occupy 
its  whole  length,  and  on  which  the  leather  is  spread  to  receive  the  grease.  The  upper 
part  below  the  ceiling  is  filled  Avith  poles  for  hanging  the  leather  upon  to  be  heated. 
The  door  is  made  to  shut  perfectly  close. 

The  first  operations  are  analogous  to  those  of  tanning  and  tawing ;  the  skins  being 
washed,  cut  in  halves,  shaved,  and  steeped  for  24  hours  in  the  river.  They  are  then 
cleaned  with  5  or  6  pounds  of  alum,  and  3|  pounds  of  salt,  for  a  piece  of  hide  which 
weighs  from  70  to  80  pounds.  The  common  salt  softens  the  effect  of  the  alum,  attracts 
the  moisture  of  the  air,  and  preserves  the  suppleness  of  the  skin.  When  the  alum  and 
salt  are  dissolved,  hot  water  is  poured  upon  the  hides  placed  in  a  vat,  and  they  are  tramped 
upon  by  a  workman  walking  repeatedly  from  one  end  of  the  vat  to  the  other.  They  arc 
then  transferred  into  a  similar  vat  containing  some  hot  water,  and  similarly  tramped  upon. 
They  are  next  steeped  for  eight  days  in  alum  water.  The  same  round  of  operations  is 
repeated  a  second  time. 

The  skins  are  now  dried  either  in  the  air,  or  a  stove  room ;  but  before  being  quite  djy, 
they  are  doubled  together,  well  stretched  to  take  out  the  wrinkles,  and  piled  up.  "When 
dr}',  they  are  again  tramped  to  open  the  pores  as  well  as  to  render  the  skin  pliant,  after 
which  they  are  whitened  by  exposure  to  the  sun. 

Tallow  of  inferior  quality  is  employed  for  greasing  the  leather.  With  this  view  the 
hides  are  hung  upon  the  poles  in  the  close  stove  room,  then  laid  upon  the  table,  and  be- 
smeared with  the  talloAV  melted  till  it  begins  to  crackle.  This  piece  is  laid  on  anothei 
table,  is  tliere  covered  with  a  second,  similarly  greased,  and  so  forth.  Three  pounds  of 
("at  are  commonly  employed  for  one  piece  of  leather. 

AVhen  the  thirty  strips,  or  fifteen  hides  passed  through  the  grease  in  one  operation 
are  completed,  two  workmen  take  the  first  piece  in  their  hands,  and  stretch  it  over  the 
burning  charcoal  on  the  grate  for  a  minute,  with  the  flesh  side  to  the  fire.  The  rest 
are  passed  over  the  flame  in  like  manner.  After  flairiing,  the  pieces  aie  successively 
laid  on  an  inclined  table  exposed  to  the  fire,  where  they  are  covered  with  a  cloth.  They 
are  finally  hung  upon  poles  in  the  air  to  drj- ;  and  if  the  weather  be  warm,  they  nre 
suspended  only  during  the  night,  so  as  to  favor  the  hardening  of  the  grease.  Instond 
of  the  alum  bath,  M.  Curaudau  has  employed  with  advantage  a  steep  of  dilute  sulphuric 
acid. 

Morocco  leather. — The  true  morocco  leather  is  goat  skin  tanned  and  then  dyed  on  the 
side  of  the  grain.  Sheep  skins  are  treated  in  the  same  way.  'I  he  skins  are  steeped  first 
in  a  fermenting  mixture  of  bran  water  for  a  few  days,  they  arc  ihen  worked  upon  the 
horse,  steeped  in  fresh  water  for  12  hours,  and  rinsed  in  the  same.  They  are  next  drained, 
steeped  in  weak  lime  pits  for  a  proper  time,  till  the  hairs  can  be  readily  detached.  They 
are  now  subjected  to  the  action  of  a  blunt  knife  upon  the  horse-beam,  in  order  to  strip 
oflf  their  hair,  after  which  they  are  cleansed  in  running  water.  Any  excrescences  must 
be  carefully  removed  with  the  fleshing  knife,  and  their  edges  neatly  pared.      The  next 
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process  is  rubbing  them  strongly  with  a  piece  of  hard  schist,  set  in  a  wooden  frame,  in 
order  to  expel  by  the  pressure  any  lime  which  may  still  adhere,  and  to  soften  the 
grain.  They  are  now  worked  upon  the  horse-beam  with  the  blunt  knife,  and  sub- 
jected to  a  species  of  fulling,  by  being  agitated  by  pegs  in  a  revolving  cask  along  with 
water.  Many  manufacturers  prefer  a  weak  alkaline  ley,  or  putrefied  urine,  to  the  lime 
bath. 

The  skins  are  immersed  for  a  night  and  a  day,  in  a  bran  bath,  in  a  certain  state  of 
fermentation,  then  worked  on  the  horse,  and  salted,  to  preserve  them  till  they  are  to  be 
dyed. 

Preparatory  to  being  dyed,  each  skin  is  sewed  together  edgewise,  with  the  grain  on 
the  outside,  and  it  is  then  mordanted  either  with  a  solution  of  tin,  or  with  alum  water. 
The  color  is  given  by  cochineal,  of  which  from  10  to  12  ounces  are  required  for  a  dozen 
of  skin.  The  cochineal  being  boiled  in  water  along  with  a  little  tartar  or  alum  for  a  few 
minutes,  forms  a  red  liquor,  which  is  filtered  through  a  linen  cloth,  and  put  into  a 
clean  cask.  The  skins  are  immersed  in  this  bath,  and  agitated  in  it  for  about  half 
an  hour ;  they  are  taken  out  and  beaten,  and  then  subjected  to  a  second  immersion  in 
the  cochineal  bath.  After  being  thus  dyed,  they  are  rinsed  and  tanned  with  Sicilian 
sumach,  at  the  rate  of  two  pounds  for  a  skin  of  moderate  size.  This  process  is  per- 
formed in  a  large  tub  made  of  white  wood,  in  the  liquor  of  which  the  skins  are  floated 
like  so  many  bladders,  and  moved  about  by  manual  labor  during  four  hours.  They 
are  then  taken  out,  drained,  and  again  subjected  to  the  tanning  liquor;  the  whole  pro- 
cess requiring  a  space  of  twenty-four  hours.  The  skins  are  now  unstitched,  rinsed, 
fulled  with  beetles,  drained,  rubbed  hard  with  a  copper  blade,  and  lastly  hung  up 
to  dry. 

Some  manufacturers  brighten  the  color  by  applying  to  the  surface  of  the  skins,  in  a 
damp  state,  a  solution  of  carmine  in  ammonia  with  a  sponge ;  others  apply  a  decoction 
of  safl^i-on  to  enliven  the  scarlet  tint.  At  Paris  the  morocco  leather  is  tanned  by  agitation 
with  a  decoction  of  sumach  in  large  casks  made  to  revolve  upon  a  horizontal  axis,  like  a 
barrel  churn.  While  galls  are  sometimes  substituted  for  sumach  ;  a  pound  being  used 
for  a  skin.     The  skins  must  be  finally  cleaned  with  the  utmost  care. 

The  black  dye  is  given  by  applying  with  the  brush  a  solution  of  red  acetate  of  iron  to 
the  grain  side.  Blue  is  communicated  by  the  common  cold  indigo  vat ;  violets,  with  a 
light  blue  followed  by  cochineal  red ;  green,  by  Saxon  blue  followed  by  a  yellow  dye, 
usually  made  with  the  chopped  roots  of  the  barberry.  This  plant  serves  also  for  yellows. 
To  dye  olive,  the  skins  are  first  passed  through  a  weak  solution  of  green  vitriol,  and 
then  through  the  decoction  of  barberry  root,  containing  a  little  Saxon  blue.  Puce 
color  is  communicated  by  logwood  with  a  little  alum ;  which  may  be  modified  by  the 
addition  of  a  little  Brazil  wood.  In  all  these  cases,  whenever  the  skins  are  dyed,  they 
should  be  rinsed,  wrung  or  rather  drained,  stretched  upon  a  table,  then  besmeared 
on  the  grain  side  with  a  film  of  linseed  oil  applied  by  means  of  a  sponge,  in  order  to 
promote  their  glossiness  when  curried,  and  to  prevent  them  becoming  horny  by  too 
rapid  drying. 

The  last  process  in  preparing  morocco  leather  is  the  currying,  which  brings  out  the 
lustre,  and  restores  the  oi'iginal  suppleness.  This  operation  is  practised  in  diflerent 
manners,  according  to  the  purpose  the  skins  are  to  serve.  For  pocket-books,  portfolios, 
and  case  making  in  general,  they  must  be  thinned  as  much  as  possible  upon  the  flesh 
side,  moistened  slightly,  then  stretched  upon  the  table,  to  smooth  them ;  dried  again, 
moistened,  and  lastly  passed  two  or  three  times  through  the  cylinder  press  in  different 
directions,  to  produce  the  crossing  of  the  grain.  The  skins  intended  for  the  shoemaker, 
the  saddler,  the  bookbinder,  &c.,  require  more  pliancy,  and  must  be  diiferently  curried. 
After  being  thinned,  they  are  glazed  with  a  polisher  while  still  moist,  and  a  grain  is  form- 
ed upon  the  flesh  side  with  the  roughened  lead  plate  or  grainer  of  the  curriers,  called  in 
French  povimelle  ;  they  are  glazed  anew  to  remove  the  roughness  produced  by  the  pom- 
mel, and  finally  grained  on  the  flesh  side  with  a  surface  of  cork  applied  under  a  pommel 
of  white  wood. 

Russia  leather. — The  Russians  have  long  been  possessed  of  a  method  of  making  a 
peculiar  leather,  called  by  them  juden,  dyed  red  with  the  aromatic  saunders  wood.  This 
article  has  been  much  sought  after,  on  account  of  not  being  subject  to  mould  in  damp 
situations,  being  proof  against  insects,  and  even  repelling  them  from  the  vicinity  of  its 
odor.  The  skins  are  freed  from  the  hair  or  fleece,  by  steeping  in  an  ash-ley  too  weak  to 
act  upon  the  animal  fibres.  They  are  then  rinsed,  fulled  for  a  longer  or  shorter  time 
according  to  their  nature,  and  fermented  in  a  proper  steep,  after  having  been  washed  in 
hot  water.  They  are  taken  out  at  the  end  of  a  week,  but  they  may  be  steeped  a  second 
time  if  deemed  necessary,  to  open  their  pores.  They  are  now  cleaned  by  working  them 
at  the  horse  on  both  the  flesh  and  grain  sides. 

A  paste  is  next  composed,  for  200  skins,  of  38  pounds  of  rye  flour,  which  is  set  to 
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ferment  with  leaven.  This  dough  is  worked  up  with  a  sufficient  quantity  of  water  to 
form  a  bath  for  the  skins,  in  which  they  are  soaked  for  48  hours  ;  they  are  then  trans- 
ferred into  small  tubs,  where  they  remain  durinij  fifteen  days,  after  which  they  are  washed 
at  the  river.  These  operations  serve  to  prepare  the  skins  for  absorbing  the  astringent 
juices  with  uniformity.  A  decoction  of  willow  bark  (salix  cinerea  and  salix  caprea)  be- 
ing made,  the  skin's  are  immersed  in  the  boiler  whenever  the  temperature  of  the  liquor  is 
sufficiently  lowered  not  to  injure  the  animal  fibres,  and  handled  and  pressed  for  half  an 
hour.  This  manipulation  is  repeated  twice  daily  during  the  period  of  a  week.  The 
tanning  infusion  is  then  renewed,  and  applied  to  the  same  skins  for  another  week ;  after 
which,  being  exposed  to  the  air  to  dry,  they  are  ready  for  being  dyed,  and  then  curried 
with  the  empyreumatic  oil  of  the  bark  of  the  buch  tree.  To  this  substance  the  Russia 
leather  owes  its  peculiarities.  Many  modes  have  been  prescribed  for  preparing  it ;  but 
the  following  is  the  one  practised  in  Russia. 

The  whitish  membranous  epidermis  of  the  birch,  stripped  of  all  woody  parts,  is  intro- 
duced into  an  iron  boiler,  which,  when  stufled  full,  is  covered  tight  with  a  vaulted  iron  lid, 
having  a  pipe  rising  from  its  centre.  A  second  boiler  into  which  this  pipe  passes  without 
reaching  its  bottom,  is  set  over  the  first,  and  is  luted  to  it  at  the  edges,  after  the  two  are 
bolted  together.  They  are  then  inverted,  so  that  the  upper  one  contains  the  birch  bark. 
The  under  lialf  of  this  apparatus  is  sunk  in  the  earth,  the  surface  of  the  upper  boiler  is 
coated  over  with  a  clay  lute,  then  surrounded  with  a  fire  of  wood,  and  exposed  to  a  red 
heat,  till  the  distillation  be  completed.  This  operation,  though  rude  in  appearance,  and 
wasteful  of  wood,  answers  its  purpose  perfectly  well.  The  iron  cylinder  apparatus  used 
in  Britain  for  distilling  wood  vinegar,  would,  however,  be  much  more  convenient  and  pro- 
ductive. When  the  above  boilers  are  unluted,  there  is  found  in  the  upper  one  a  very  light 
powder  of  charcoal,  and  in  the  under  one  wliich  served  as  a  receiver,  there  is  an  oily, 
brown,  empyreumatic  fluid,  of  a  very  strong  smell,  which  is  mixed  with  the  tar,  and  which 
floats  over  a  small  quantity  of  crude  vinegar.  The  former  matter  is  the  oil  employed  to 
impregnate  the  skins,  by  working  it  into  the  flesh  side  with  the  currier's  tools.  It  is  diffi- 
cult to  make  this  oil  penetrate  with  uniformity  ;  and  the  Russians  do  not  always  succeed 
in  this  process,  for  they  turn  out  many  skins  in  a  spotted  state.  This  oil  is  at  present 
obtained  in  France  by  distilling  the  birch  bark  in  copper  stills,  and  condensing  the  pro- 
ducts by  means  of  a  pipe  plunged  in  cold  water.  About  60  per  cent,  of  the  weight  of 
the  bark  is  extracted. 

The  skins  imbibe  this  oil  most  equally  before  they  are  fully  dry.  Care  must  be  taken 
not  to  apply  too  much  of  it,  for  fear  of  its  passing  through  and  staining  the  grain  side  of 
the  leather.  Chevreul  has  investigated  the  chemical  nature  of  this  odoriferous  substance, 
and  finding  it  to  be  a  peculiar  compound,  has  called  it  betuline. 

LEDUM  PALUSTRE.  This  plant  is  employed  in  Russia  to  tan  the  skins  of  goats, 
calves,  and  sheep,  into  a  reddish  leather  of  an  agreeable  smell ;  as  also  in  the  preparation 
of  the  oil  of  birch,  for  making  what  is  commonly  called  Russia  leather. 

LEGUMINE  is  the  name  of  a  vegeto-alkali  supposed  to  exist  in  leguminous 
plants. 

LEMONS.     See  Citric  Acid,  and  Oils,  Essential. 

LEVIGATION  is  the  mechanical  process  whereby  hard  substances  are  reduced  to  a 
very  fine  powder. 

LEUCITE  is  a  hard  Vesuvian  mineral,  consisting  of  silica,  54  ;  alumina,  23;  pot- 
ash, 23. 

LEUCINE  is  a  white  crystalline  substance  produced  by  acting  upon  flesh  with  sulphu- 
ric acid. 

LEWIS  is  the  name  of  one  kind  of  shears  used  in  cropping  woollen  cloth. 

LIAS  is  a  fine-grained  argillaceous  limestone,  whose  geological  position  is  under  the 
oolite ;  it  is  the  proper  lithographic  stone. 

LIBAVIUS,  Liquor  of,  is  the  bichloride  of  tin,  prepared  by  dissolving  that  metal,  with 
the  aid  of  heat,  in  aqua  regia,  or  by  passing  chlorine  gas  through  a  solution  of  muriate 
of  tin  till  no  more  gas  be  absorbed,  evaporating  the  solution,  and  setting  it  aside  to  crys- 
tallize. The  anhydrous  bichloride  is  best  prepared  by  mixing  four  parts  of  corrosive  sub- 
limate with  one  part  of  tin,  previously  amalgamated  with  just  so  much  mercury  as  to 
render  it  pulverizable  ;  and  by  distilling  this  mixture  with  a  gentle  heat.  A  colorless 
fluid,  the  dry  bichloride  of  tin,  or  the  proper  fuming  liquor  of  Libavius,  comes  over. 
When  it  is  mLxed  with  one  third  of  its  weight  of  water  it  becomes  solid.  The  first 
bichloride  of  tin  is  used  in  calico-printing. 

LICHEN.     See  Archil. 

LIGNEOUS  MATTER  is  vegetable  fibre.     See  Fibrous  Matter. 

LIGNITE  is  one  of  the  most  recent  geological  formations,  being  the  carbonaceous 
remains  of  forest  trees.  From  this  substance,  as  found  in  the  neighborhood  of  Cologne, 
the  brown  colors,  called  umber  and  earth  of  Cologne,  are  prepared. 

LILACH  DYE.     See  Calico-printing  and  Dyeing. 
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JAMESTOJ^F, {Calcaire,Fr. ;  Kalskitein,Germ.),  may  be  classed  under  the  following 
heads : — 

1.  Calcareous  spar  occurs  in  colorless  crystals  or  crystalline  masses ;  dissolves  with 
effervescence  in  muriatic  acid ;  is  scratched  by  soft  iron,  but  not  by  the  nail ;  specific 
gravity  2-7  ;  loses  46  per  cent,  by  the  expulsion  of  carbonic  acid,  and  calcines  into  quick- 
lime. 

2.  Calcsinter,  or  stalactitic  carbonate  of  lime,  called  also  concretionary  limestone,  because 
formed  of  zones  more  or  less  undulated,  and  nearly  parallel.  These  zones  have  a  fibrous 
structure,  arising  from  the  successive  deposites  of  the  crystalline  limestone  from  its  sol- 
vent water.  The  long  conical  pieces  called  stalactites,  show  fibres  converging  to  the 
axis.  The  tubercular  consists  of  irregular  lumps  often  sprinkled  over  with  small  crystals, 
and  associated  so  as  to  exhibit  the  appearance  of  cauliflower.  The  stratiform,  commonly 
called  stalagmite,  or  alabaster  limestone,  represents  zones  not  concentric,  but  spread  out, 
waving,  and  parallel ;  its  texture  is  sometimes  lamellar,  and  sometimes  fibrous.  These 
waving  strata  are  distinguishable  from  one  another  by  their  different  densities,  and  by 
their  degrees  of  translucency.  This  stalagmitic  mass  bears  the  name  of  oriental  alabaster, 
when  it  is  reddish-yellow  with  distinct  zones,  and  is  susceptible  of  a  fine  polish.  Stalac- 
tites are  formed  in  the  large  excavations  of  calcareous  rocks.  The  water  percolating 
down  through  them,  and  dropping  from  the  roofs  of  the  caverns,  is  usually  charged  with 
carbonate  of  lime  held  in  suspension  by  an  excess  of  carbonic  acid.  The  exposure  to  air, 
the  motion,  and  the  consequent  diminution  of  pressure,  cause  the  precipitation  of  the  car- 
bonate of  lime  in  the  solid  state.  Each  drop  of  water,  on  falling  through  the  vault,  aban- 
dons a  small  film  of  limestone,  which  enlarges  by  degrees,  and  forms  either  a  cylinder  or 
solid  mass.  This  alabaster  differs  from  marble  in  its  parallel  and  waving  layers,  and  its 
faint  degree  of  transparency. 

This  alabaster  serves  for  the  decoration  of  public  buildings,  and  is  occasionally  intro- 
duced into  certain  pieces  of  furniture.  The  fine  Egyptian  alabaster  was  anciently 
brought  from  the  mountains  of  the  Thebaid,  between  the  Nile  and  the  Red  Sea,  near 
a  town  called  Alabastron,  whence  probably  the  name.  Very  fine  red  alabaster,  of  great 
hardness,  was  found  at  one  time  in  the  quarries  of  Montmartre,  but  the  stock  was  soon 
exhausted. 

The  incrusting  concretionary  limestone  difl'ers  little  from  the  preceding  except  in 
the  rapidity  of  its  formation,  and  in  being  moulded  upon  some  body  whose  shape  it 
assumes.  These  deposites  from  calcareous  springs,  form  equally  on  vegetable  bodies,  on 
stones,  metals,  within  pipes  of  cast  iron,  wood,  or  lead.  The  incrustations  on  vegetable 
and  animal  substances  are  vulgarly  called  petrifactions,  as  the  organic  fibres  are  replaced 
by  stone.  One  of  the  most  curious  springs  of  this  nature  is  at  the  baths  of  Saint  Philip, 
in  Tuscany,  where  the  water  flows  in  almost  a  boiling  state,  over  an  enormous  mass  of 
alabaster  which  it  has  produced.  The  carbonate  of  lime  seems  to  be  held  in  solution 
here  by  sulphureted  hydrogen,  which  flies  off  when  the  water  issues  to  the  day.  Dr. 
Vegny  has  taken  advantage  of  this  property  of  the  spring,  to  obtain  basso-relievo  figures 
of  great  whiteness  and  solidity.     He  makes  use  of  sulphur  moulds. 

Calcareous  Inf  consists  of  similar  incrustations  made  by  petrifying  rivulets  running 
over  mud,  sand,  vegetable  remains,  &c.  It  is  porous,  even  cellular,  somewhat  soft, 
impure,  and  of  a  dirty  gray  color.  Its  surface  is  wavy,  rough,  and  irregular.  These 
incrustations  or  deposites  are,  however,  sometimes  so  abundant,  and  the  resulting  stony 
matters  so  hard  that  buildings  may  be  constructed  with  them.  The  stone  with  which  th« 
town  of  Pasti,  in  Italy,  is  built  has  been  called  pipe-stone  by  the  Italians ;  and  it  has  ap- 
parently derived  its  origin  from  incrustations  upon  large  reeds. 

The  travertino,  which  served  to  construct  all  the  monuments  of  Rome,  appears  to 
have  been  formed  by  the  deposites  of  the  Anio  and  the  solfatara  of  Tivoli.  The  temples 
of  PcEstum,  which  are  of  extreme  antiquit}^,  have  been  built  with  a  travertino  formed 
by  the  sediment  of  the  waters  which  still  flow  in  this  territory.  All  these  stones  acquire 
great  hardness  in  the  air,  and  M.  de  Breislak  thinks  that  it  is  to  the  happy  union  of 
travertino  and  pouzzolana  in  the  same  spot,  that  the  monuments  of  Rome  owe  their  great 
solidity. 

Spongy  limestone,  usually  called  Agaric  mineral,  stone  marrow,  &c.,  belongs  to  this 
kind  of  formation.  It  has  a  very  white  color,  a  very  fine  grain,  is  soft  to  the  touch,  very 
tender,  and  light  enough  to  float  for  an  instant  on  water.  It  occurs  in  rather  thin  layers, 
in  the  crevices  of  calcareous  rocks,  and  is  so  common  in  Switzerland  as  to  be  employed 
for  whitening  houses. 

3.  Compact  limestone,  is  of  a  grain  more  or  less  fine,  does  not  polish,  nor  afford  large 
blocks  free  from  fissures,  has  a  conchoidal,  or  uneven  scaly  fracture.  Colors  very 
various.  Its  varieties  are  ;  a.  The  sub-lamellar,  compact,  with  some  appearance  of  a 
foliated  texture,  b,  Compact  fine-grained  limestone,  the  zechstein  of  the  Germans,  to 
which  M.  Brongniart  refers  the  lithographic  stone  in  his  classification  of  rocks  (Diction- 


778  LIMESTONES. 

naire  des  Sciences  Naturelles),  but  the  English  geologists  place  the  locality  of  the  famou? 
lithographic  quarry  of  Solenhofen  much  higher  in  the  plane  of  secondary  superposition. 
Its  fracture  is  conchoidal ;  color  from  gray  to  whitish;  c,  Compact  commmi  limestone. 
Grain  of  middle  size ;  earthy  aspect ;  uneven  fracture ;  perfectly  opaque ;  color, 
whitish  to  pale  gray,  yellow,  or  reddish.  The  limestones  of  the  Jura  formation  are 
referred  to  this  head,  as  well  as  most  of  those  interspersed  among  the  coal  strata,  d,  The 
coarse  compact,  or  Cornbrash;  texture  somewhat  open,  earthy  aspect,  rough  to  the  touch, 
ragaed  fracture,  color  yellow,  gray,  or  dirty  red.  e,  Compact  cellular,  the  Rauchekalk 
and  Holekalk  of  the  Germans,  on  account  of  the  numerous  holes  or  caverns  distributed 
through  it. 

4.  Oolite  or  roe-stcme. — It  consists  of  spherical  grains  of  various  size,  from  a  millet 
seed,  to  a  pea,  or  even  an  egg ;  texture  compact ;  fracture  even  ;  colors,  whitish,  yellow, 
gray,  reddish,  brownish.  The  larger  balls  have  almost  always  a  foreign  body  for  theii 
centre  or  nucleus. 

5.  Chalk  ;  texture  earthy  ;  grains  fine,  tender,  friable  ;  colors  white,  grayish,  or  pale 
yellowish. 

6.  Coarse-grained  limestone;  an  earthy  texture,  in  large  particles,  often  loose;  frac- 
ture foliated,  uneven ;  color  pale  and  dirty  yellow.  Coarse  lias  has  been  referred  to  this 
head. 

7.  Marly  limestone ;  lake  and  fresh  water  limestone  formation ;  texture  fine-grained, 
more  or  less  dense;  apt  to  crumble  down  in  the  air;  color  white  or  pale  yellow  ;  fracture 
rough-grained,  sometimes  conchoidal ;  somewhat  tenacious.  Texture  occasionally  cavern- 
ous; with  cylindrical  winding  cavities.  This  true  limestone  must  not  be  confounded  witli 
the  lime-marl,  composed  of  calcareous  matter  and  clay. 

8.  Silicious  limestone;  of  a  compact  texture;  scratching  steel,  and  scratched  by  it : 
leaves  a  silicious  residuum  after  the  action  of  mui-iatic  acid. 

9.  Calp;  texture  compact;  fine-grained;  schistose  structure;  hard,  as  the  pre- 
ceding ;  not  burning  into  quicklime,  affording  to  dilute  muriatic  acid  a  copious  residuum 
of  clay  and  silica ;  color  blackish ;  found  in  beds  in  the  transition  district  near 
Dublin. 

10.  Lucullite  or  stinkstone;  texture  compact  or  sub-lamellar,  color  grayish;  emits  the 
smell  of  sulphureted  hydrogen  by  friction  or  a  blow.  It  occurs  at  Assynt,  in  Sutherland- 
shire  ;  in  Derbyshii-e  ;  counties  of  Kilkenny,  Cork,  and  Galway. 

11.  Bituminous  limestone;  black  or  blackish  color;  diffusing  by  the  action  of  fire  a 
bituminous  odor,  and  becoming  white. 

Of  all  common  limestones  the  purity  may  most  readily  be  determined  by  the  quantity 
of  carbonic  acid  which  is  evolved  during  their  solution  in  dilute  nitric  or  muriatic  acid. 
Perfect  carbonate  of  lime  loses  in  this  way  46  per  cent. ;  and  if  any  particular  limestone 
loses  only  23  per  cent.,  we  may  infer  that  it  contains  only  one  half  its  weight  of  calcareous 
carbonate.  This  method  is  equally  applicable  to  marls,  which  are  mixtures  in  various 
proportions  of  carbonate  of  lime,  claj',  and  sand,  and  may  all  be  recognised  by  their  effer- 
vescing with  acids. 

The  chief  use  of  calcareous  stones  is  for  procuring  quicklime  by  calcination  in  propei 
furnaces;  and  they  are  all  adapted  to  this  purpose  provided  they  are  not  mixed  with  too 
large  a  proportion  of  sand  and  ferruginous  clay,  whereby  they  acquire  a  vitrescent 
texture  in  a  high  heat,  and  will  not  burn  into  lime.  Limestone  used  to  be  calcined  in 
a  very  rude  kiln,  formed  by  enclosing  a  circular  space  of  10  or  15  feet  diameter,  by  rude 
stone  walls  4  or  5  feet  hish,  and  filling  the  cylindrical  cavity  with  alternate  layers  of 
turf  or  coal  and  Umestone  broken  into  moderate  pieces.  A  bed  of  brushwood  was 
usually  placed  at  the  bottom,  to  facilitate  the  kindling  of  the  kiln.  Whenever  the  com- 
bustion was  fairly  commenced,  the  top,  piled  into  a  conical  form,  was  covered  in  witli 
sods,  to  render  the  calcination  slow  and  regular.  This  method  being  found  relatively 
inconvenient  and  ineffectual,  was  succeeded  by  a  permanent  kiln  built  of  stones  or  brick- 
work, in  the  shape  of  a  truncated  cone  with  the  narrow  end  undermost,  and  closed  at 
bottom  by  an  iron  grate.  Into  this  kiln,  the  fuel  and  limestone  were  introduced  at  the 
top  in  alternate  layers,  beginning  of  course  with  the  former  ;  and  the  charge  was  either 
allowed  to  burn  out,  when  the  lime  was  altogether  removed  at  a  door  near  the  bottom,  or 
the  kiln  was  successively  fed  with  fresh  materials,  in  alternate  beds,  as  the  former  supply 
sunk  down  by  the  calcination,  while  the  thoroughly  burnt  lime  at  the  bottom  was  succes- 
sively raked  out  by  a  side  door  immediately  above  the  grate.  The  interior  of  the  lime  kiln 
has  been  changed  of  late  years  from  the  conical  to  the  elliptical  form ;  and  probably  thi 
best  is  that  of  an  egg  placed  with  its  narrow  end  undermost,  and  truncated  both  above 
and  below  ;  the  ground  plot  or  bottom  of  the  kiln  being  compressed  so  as  to  give  an 
elliptical  section,  with  an  eye  or  draft-hole  towards  each  end  of  that  elli|)se.  A  kiln 
thus  arched  in  above  gives  a  reverberatory  heat  to  the  upper  materials,  and  also  favors 
their  falling  freely  down  in  proportion  as  the  finished  lime  is  raked  out  below ;  advan- 
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tages  which  the  conical  form  does  not  afford.  Tlie  size  of  the  draft-notes  for  extracting 
the  quicklime,  sliould  be  proportionate  to  the  size  of  the  kiln,  in  order  to  admit  a  suffi- 
cient current  of  air  to  ascend  with  the  smoke  and  flame,  which  is  found  to  facilitate 
the  extrication  of  the  carbonic  acid.  The  kilns  are  called  perpetual,  because  the  operation 
is  carried  on  continuously  as  long  as  the  building  lasts ;  and  draw-kilns,  from  the  mode  of 
discharging  them  by  raking  out  the  lime  into  carts  placed  against  the  draft-holes.  Three 
bushels  of  calcined  limestone,  or  lime-shells,  are  produced  on  an  average  for  every  bushel 
of  coals  consumed.  Such  kilns  should  be  built  up  against  the  face  of  a  cliff,  so  that  easy 
access  may  be  gained  to  the  mouth  for  charging,  by  making  a  sloping  cart  road  to  the  top 
of  the  bank. 
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640 


Figs.  638,  639,  640,  641,  represent  the  lime-kiln  of  Riidersdorf  near  Berlin,  upon  the 
continuous  plan,  excellently  constructed  for  economizing  fuel.  It  is  triple,  and  yields  a 
threefold  product.  Fig.  640,  is  a  view  of  it  as  seen  from  above  ;  fig.  641,  the  elevation 
and  general  appearance  of  one  side  ;  fig.  638,  a  vertical  section,  and  fig.  639,  the  ground 
plan  in  the  line  Au  c  d  of  fig.  638.  The  inner  shaft  yig.  638,  has  the  form  of  two  truncated 
cones,  with  their  larger  circular  ends  applied  to  each  other ;  it  has  the  greatest  width  at 
the  level  of  the  fire-door  b,  where  it  is  8  feet  in  diameter;  it  is  narrower  below  at  the 
discharge  door,  and  at  the  top  orifice,  where  it  is  about  6  feet  in  diameter.  The  interioi- 
wall  d,  of  the  upper  shaft  is  built  with  hewn  stones,  to  the  height  of  38  feet,  and  below 
that  for  25  feet,  with  fire-bricks  d'  d',  laid  stepwise.  This  inner  wall  is  surrounded  with  a 
mantle  e,  of  limestones,  but  between  the  two  there  is  a  small  vacant  space  of  a  few  inches 
filled  with  ashes,  in  order  to  allow  of  the  expansion  of  the  interior  with  heat  taking  place 
without  shattering  the  mass  of  the  building. 

The  fire-grate  6,  consists  of  fire-tiles,  which  at  the  middle,  where  the  single  pieces 
jiress  together,  lie  upon  an  arched  support/.  The  fire-door  is  also  arched,  and  is  secured 
by  fire-tiles,  g  is  the  iron  door  in  front  of  that  orifice.  The  tiles  which  form  the  grate 
have  3  or  4  slits  of  an  inch  wide  for  admitting  the  air,  which  enters  through  the  canal  h. 
The  under  part  of  the  shaft  from  the  fire  to  the  hearth,  is  7  feet,  and  the  outer  enclosing 
wall  is  constructed  of  limestone,  the  lining  being  of  fire-bricks.  Here  are  the  ash-pit  i, 
the  discharge  outlet  a,  and  the  canal  k,  in  front  of  the  outlet.  Each  ash-pit  is  shut  with 
an  iron  door,  which  is  opened  only  when  the  space  i  becomes  filled  with  ashes.     These 
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indeed  are  allowed  to  remain  till  they  get  cool  enough  to  be  removed  Avithout  incon- 
venience. 

The  discharge  outlets  are  also  furnished  with  iron  doors,  which  are  opened  only  for 
taking  out  the  lime,  and  are  carefully  luted  with  loam  during  the  burning.  The  outer 
walls  /  m  ii  of  the  kiln,  are  not  essentially  necessary,  but  convenient,  because  they  afford 
room  for  the  lime  to  lie  in  the  lower  floor,  and  the  fuel  in  the  second.  The  several  stories 
are  formed  of  groined  arches  o,  and  platforms  p,  covered  over  with  limestone  slabs.  In 
the  third  and  fourth  stories  the  workmen  lodge  at  night.  Heefig.  641.  Some  enter  their 
apartments  by  the  upper  door  q  ;  others  by  the  lower  door  s.  r  is  one  of  the  chimneys  for 
the  several  fire-places  of  the  workmen,     t  u  v  are  stairs. 

As  the  limestone  is  introduced  at  top,  the  mouth  of  the  kiln  is  surrounded  with  a 
sti'ong  iron  balustrade  to  prevent  the  danger  of  the  people  tumbling  in.  The  platform  is 
laid  with  rails  u;  for  the  wagons  of  limestone,  drawn  by  horsewkto  run  upon,  x  is 
another  rail-way,  leading  to  another  kiln.  Such  kilns  are  named  after  the  number  of  their 
fire-doors,  single,  twofold,  threefold,  fourfold.  Sec. ;  from  three  to  five  being  the  most  usual. 
The  outer  form  of  the  kiln  also  is  determined  by  the  number  of  the  furnaces ;  being  a 
truncated  pyramid  of  equal  sides  ;  and  in  the  middle  of  each  alternate  side  there  is  a  fire- 
place, and  a  discharge  oulleit.  A  cubic  foot  of  limestone  ref|uires  for  burning,  one  and  five 
twelfths  of  a  cubic  foot  of  wood,  and  one  and  a  half  of  turf. 

When  the  kiln  is  to  be  set  in  action,  it  is  filled  with  rough  limestones,  to  the  height 
c  D,  or  to  the  level  of  the  firing;  a  wood  fire  is  kindled  in  a,  and  kept  up  till  the  lime  is 
calcined.  Upon  this  mass  of  quicklime,  a  fresh  quantity  of  limestones  is  introduced,  not 
thrown  in  at  the  mouth,  but  let  down  in  buckets,  tiU  the  kiln  be  quite  full ;  while  over 
the  top  a  cone  of  limestones  is  piled  up,  about  4  feet  high.  A  turf-fire  is  now  kindled 
in  the  furnaces  b.  Whenever  the  upper  stones  arc  well  calcined,  the  lime  under  the 
fire-level  is  taken  out,  the  superior  column  falls  in,  a  new  cone  is  piled  up,  and  the 
process  soes  on  thus  without  interruption,  and  without  the  necessity  of  once  putting  a  fire 
into  a;  for  in  the  space  c  b,  the  lime  must  be  always  well  calcined.  The  discharge  of 
lime  takes  place  everj'  12  hours,  and  it  amounts  at  each  time  in  a  threefold  kiln,  to  from 
20  to  24  Prussian  tonnes  of  6  imperial  bushels  each ;  or  to  130  bushels  imperial  upon 
the  average.  It  is  found  by  experience,  that  fresh-broken  limestone  which  contains  a 
little  moistiue,  calcines  more  readily  than  what  has  been  dried  by  exposure  for  some 
time  to  the  air;  in  consequence  of  the  vapor  of  water  promoting  the  escape  of  the 
carbonic  acid  gas ;  a  fact  well  exemplified  in  distilling  essential  oils,  as  oil  of  tur- 
pentine and  naptha,  which  come  over  with  the  steam  of  water,  at  upwards  of  100  degree? 
F.  below  their  natural  term  of  ebullition.  SLx  bushels  of  Rudersdorf  quicklime  weisjh 
from  280  to  306  pounds. 

When  coals  are  used  for  fuel  in  a  well-constructed  perpetual,  or  draw  kiln,  about  1 
measure  of  them  should  suffice  for  4  or  5  of  limestone. 

The  most  extensive  employment  of  quicklime  is  in  agriculture,  on  which  subject  in- 
structive details  are  given  in  Loudon's  Encyclopaedias  of  Agriculture  and  Gardening. 

Quicklime  is  employed  in  a  multitude  of  preparations  subservient  to  the  arts ;  for 
clarifying  the  juice  of  the  sugar-cane  and  the  beet-root ;  for  purifying  coal  gas ;  for 
rendering  the  potash  and  soda  of  commerce  caustic  in  the  soap  manufacture,  and  in  the 
bleaching  of  linen  and  cotton ;  for  purifying  animal  matters  before  dissolving  out  their 
gelatine ;  for  clearing  hides  of  their  hair  in  tanneries ;  for  extracting  the  pure  volatile 
alkali  from  muriate  or  sulphate  of  ammonia  ;  for  rendering  confined  portions  of  air  very 
dry ;  for  stopping  the  leakage  of  stone  reservoirs,  when  mixed  with  clay  and  thrown  into 
the  water ;  for  making  a  powerful  lute  with  white  of  egg  or  serum  of  blood ;  for  pre- 
paring a  depilatory  pommade  with  sulphuret  of  arsenic,  &,c.  Lime  water  is  used  in 
medicine,  and  quicldime  is  of  general  use  in  chemical  researches.  Next  to  agriculture 
the  most  extensive  application  of  quicklime  is  to  Mortar-Cements,  which  see. 

LINEN.     See  Flax,  and  Textile  Fabrics. 

LINSEED  (Graine  de  lin,  Fr. ;  Leinsame,  Germ.)  contains,  in  its  dry  state,  11 '265 
of  oil;  0'146  of  wax;  2-488  of  a  soft  resin;  0'550  of  a  coloring  resinous  matter; 
0-926  of  a  vellowish  substance  analogous  to  tannin ;  6- 154  of  gum ;  15-12  of  vegetable 
mucilage  ;  1-48  of  starch  ;  2-932  of  gluten ;  2-782  of  albumine ;  10-884  of  saccharine 
extractive  ;  44-382  of  envelopes,  including  some  vegetable  mucilage.  It  contains  also 
free  acetic  acid ;  some  acetate,  sulphate,  and  muriate  of  potash,  phosphate  and  sulphate  of 
lime;  phosphate  of  magnesia  ;  and  silica.     See  Oils,  Unctuous. 

LIQUATION  (Eng.  and  Fr.  ;  Saigerung,  Germ.)  is  the  process  of  sweating  out, 
by  a  regulated  heat,  from  an  alloy,  an  easily  fusible  metal  from  the  interstices  of  a  metal 
difficult  of  fusion.  Lead  and  antimony  are  the  metals  most  commonly  subjected  to  liqua- 
tion ;  the  former  for  the  purpose  of  carrying  off  by  a  superior  affinity  the  silver  present  in 
any  complex  alloy,  a  subject  discussed  under  Silver  ;  the  latter  will  be  considered  here, 
as  referred  to  from  the  article  Antimony. 


LIQUATION.  781 

Figs.  642,  643,  644,  represent  the  celebrated  antimonial  liquation  furnaces  of  Malbosc, 

in  the  department  of  Ardeche,  in  France.     Fig. 
642  is  a  ground   plan  taken  at  the   level  of  the 


draught  holes  g  g.  Jig.  643,  and  of  the  dotted  line 
E  F ;  Jig.  643  is  a  vertical  secfioh  through  the 
642 


dotted  line  a  b,  of  Jig.  642 ;  and  fig.  644  is  a 
vertical  section  through  the  dotted  line  c  d  of 
^g'.  642.  In  the  three  figures,  the  same  letters 
denote  like  objects,  a  b  c  are  three  grates  upon 
the  same  level  above  the  floor  of  the  works,  4^ 
feet  long,  by  10|  inches  broad ;  between  which 
are  two  rectangular  galleries,  d  e,  which  pass 
transversely  through  the  whole  furnace,  and  lie 
at  a  level  of  12  inches  above  the  ground.  They 
are  separated  by  two  walls  from  the  three  fire-places.  The  walls  have  three  open- 
ings,/g  li,  alternately  placed  for  the  flames  to  play  through.  The  ends  of  these  galleries 
are  shut  in  with  ii'on  doors  i  i,  containing  peep  holes.  In  each  gallery  are  two  conical 
cast-iron  crucibles  A;  k,  into  which  the  eliquaiing  sulphuret  of  antimony  drops.  Their 
height  is  from  12  to  14  inches,  the  width  of  the  mouth  is  10  inches,  that  of  the  bottom  is 
6,  and  the  thickness  four  tenths  of  an  inch.  They  are  coated  over  with  fire-clay,  to  pre- 
vent the  sulphuret  from  acting  upon  them  ;  and  they  stand  upon  cast-u'on  pedestals  with 
projecting  ears,  to  facilitate  their  removal  from  the  gallery  or  platform.  Both  of  these 
galleries  are  lined  with  tiles  of  fire-clay  1 1,  which  also  serve  as  supports  to  the  vertical 
liquation  tubes  m  m,  made  of  the  same  clay.  The  tiles  are  somewhat  curved  towards  the 
middle,  for  the  purpose  of  receiving  the  lower  ends  of  these  tubes,  and  have  a  small  hole 
at  11,  through  which  the  liquid  sulphuret  fiows  down  into  the  crucible. 

The  liquation  tubes  are  conical,  the  internal  diameter  at  top  being  10  inches,  at 
bottom  8  ;  the  length  fully  40  inches,  and  the  thickness  six  tenths  of  an  inch.  They  have 
at  their  lower  ends  notches  or  slits  o,  fig.  644,  from  3  to  5  inches  long,  which  look  out- 
wards, to  make  them  accessible  from  the  front  and  back  part  of  the  furnaces  through 
small  conical  openings  p  p,  in  the  walls.  These  are  closed  during  the  operation  Avith 
clay  stoppers,  and  are  opened  only  when  the  gangue,  rubbish,  and  cinders  are  to  be  raked 
out.  The  liquation  tubes  pass  across  the  arch  of  the  furnace  q  q,  the  space  of  the  arch 
being  wider  than  the  tubes  ;  they  are  shut  in  at  top  with  fire-covers  r  r.  s  s,  the  middle 
part  of  the  arch,  immediately  under  the  middle  grate,  is  barrel-shaped,  so  that  both 
arches  are  abutted  together.  The  flames,  after  playing  round  about  the  sides  of  the 
liquation  tubes,  pass  off  through  three  openings  and  flues  into  the  chimney  /,  about  13 
feet  high ;  u  being  the  one  opening,  and  v  the  two  others,  which  are  provided  with 
register  plates.  In  front  of  the  furnace  is  a  smoke  flue  w,  to  carry  ofl'  the  sulphureous 
vapors  exhaled  during  the  clearing  out  of  the  rubbish  and  slag ;  another,  x,  begins 
over  y  y,  at  the  top  of  the  tubes ;  a  wall  z,  separates  the  smoke  flue  into  halves,  so 
that  the  workmen  upon  the  one  side  may  not  be  incommoded  by  the  fumes  of  the  other. 
This  wall  connects  at  the  same  time  the  front  flue  w  with  the  chimney  /.  a'  a'  and 
b'  b'  are  iron  and  wooden  bearer  beams  and  rods  for  strengthening  the  smoke-flue,  c'  c' 
are  arches  upon  both  sides  of  the  furnace,  which  become  narrower  from  without  inwards, 
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and  are  closed  with  ■well-fitted  plates  d'  d'.  They  serve,  in  particular  circumstances,  to 
allow  the  interior  to  be  inspected,  and  to  see  if  either  of  the  liquation  furnaces  be  out  of 
order. 

Each  tube  being  charged  with  about  500  lbs.  of  the  antimonial  ore,  previously  warmed 
upon  the  roof  of  the  furnace,  in  a  short  time  the  sulphuret  of  a  blue  color  begins  to  flow 
out.  Whenever  the  liquation  ceases,  the  cinders  are  raked  out  by  the  side  openings,  and 
the  tubes  are  charged  afresh.  The  luted  iron  crucibles  are  suffered  to  become  three 
fourths  full,  are  then  drawn  out  from  the  galleries,  left  to  cool,  and  emptied.  The  ingots 
weigh  about  85  pounds.  The  charging  is  renewed  every  three  hours,  and,  when  the  pro- 
cess is  in  good  train,  100  lbs.  of  sulphuret  of  antimony  are  obtained  every  hour.  The 
average  duration  of  the  tubes  is  3  weeks,  though  in  some  cases  it  may  be  40  days.  The 
product  from  the  ore  is  from  40  to  50  per  cent.  The  above  plan  of  operation  is  remark- 
able for  the  small  consumption  of  fuel,  the  economy  of  labor,  and  the  complete  exhaustion 
of  the  ore. 

LIQUEURS,  LIQUORISTE ;  names  given  by  the  French  to  liquors  compounded  of  al- 
cohol, water,  susar,  and  diHerent  aromatic  substances  ;  and  to  the  person  who  compounds 
them.     I  shall  insert  here  a  few  of  their  most  approved  recipes. 

Infusion  of  the  peels  of  fruits. — The  outer  skin,  pared  oti"  with  a  sharp  knife,  is  to  be 
dropped  into  a  hard  glazed  jar,  containing  alcohol  of  34°  B.,  diluted  with  half  its  bulk 
of  water,  and  the  whole  is  to  be  transferred  into  well-corked  carboys.  After  an  infusion 
of  six  weeks,  with  occasional  agitation,  the  aromatized  spirit  is  to  be  distilled  ofl'.  In 
this  way  are  prepared  the  liquors  of  cedrat,  lemons,  oranges,  limettes  (a  sort  of  sweet 
lemon),  poricires  (the  large  citron),  bergamots,  &c. 

Infusiw  of  aromatic  seeds. — These  must  be  pounded,  put  into  a  carboy,  along  with  al- 
cohol diluted  as  above,  infused  with  agitation  for  six  weeks,  and  then  distilled. 

Itfusions  of  aromatic  ^voods  are  made  in  the  same  way. 

The  liffuorist  should  not  bring  his  infusions  and  tinctures  into  the  market  till  six  months 
after  their  distillation. 

Liqueurs  have  difi'erent  titles,  according  to  their  mode  of  fabrication. 

Thus  ivaters  are  liquors  apparently  devoid  of  viscidity  ;  creams  and  oils  possess  it  in  a 
high  degree. 

Water  of  cedrat,  is  made  by  dissolving  six  pounds  of  sugar  in  seven  quarts  of  water; 
adding  two  quarts  of  spirit  of  cedrat,  and  one  of  spirit  of  citron.  Boil  the  whole  for  a 
minute,  and  filter  hot  through  a  proper  bag.  Set  it  for  a  considerable  time  aside  in  a 
corked  carboy,  before  it  be  bottled. 

Oil  or  cream  of  cedrat. — Take  eight  quarts  of  river  water,  two  of  spirit  of  cedrat,  one 
of  spiiit  of  citron,  and  as  much  rich  sirup  as  is  necessary  to  give  the  mixture  an  oily  con- 
sistence. Stir  it  well  and  set  it  aside  in  carboys.  Should  it  be  at  all  clouded,  it  must  be 
filtered  till  it  be  perfectly  pellucid. 

Balm  of  Molucca,  is  made  by  infusinsr  for  ten  days,  in  a  carboy  capable  of  holding  fully 
four  gallons,  10  pounds  of  spirits  of  18°  B.,  4  pounds  of  white  sugar,  4  pounds  of  river 
water,  4  drachms  of  pounded  cloves,  and  48  grains  of  pounded  mace.  The  ilixture  is  to 
be  shaken  3  or  4  times  daily,  colored  with  caramel  (burnt  sugar),  filtered  at  the  end  of 
ten  days,  and  set  aside  in  bottles. 

Tears  of  the  ividow  of  Malabar,  are  compounded  with  the  preceding  quantity  of  spirits, 
sugar,  anil  water,  adding  4  drachms  of  ground  cinnamon,  48  grains  of  cloves,  and  a  like 
quantity  of  mace,  both  in  powder.     It  may  be  slightly  colored  with  caramel. 

The  delight  of  the  Mandarins. — Take  spirit,  sugar,  and  water,  as  above,  adding  4 
drachms  of  anisum  Chinee,  (Gingi),  as  much  ambrette  (seeds  of  the  hibiscus  abelmoschus, 
Lin.),  all  in  powder  ;  2  drachms  of  safflower. 

The  sighs  of  love. — Take  spirits,  water,  and  sugar,  as  above.  Perfume  with  essence 
(otto)  of  roses;  give  a  very  pale  pink  hue  with  tincture  of  cochineal,  filter  and  bottle  up. 

Crime  de  macarons. — Add  to  the  spirit,  sugar,  and  water  as  above,  half  a  pound  of 
bitter  almonds,  blanched  and  pounded;  cloves,  cinnamon,  and  rr.ace  in  powder,  of  each 
48  grains.     A  violet  tint  is  given  by  the  tinctures  of  turnsole  and  cochineal. 

Curacoa. — Put  into  a  larse  bottle  nearly  full  of  alcohol  of  trente-six  (34°  Baume), 
the  peels  of  six  smooth  Portugal  oranges,  (Seville  ?)  and  let  them  infuse  for  15  days; 
then  put  into  a  carboy  10  pounds  of  spirits  of  18°  B.,  4  pounds  of  white  sugar,  and  4 
pounds  of  river  water.  When  the  sugar  is  dissolved,  add  a  sufficient  quantity  of  the 
orange  zesies  to  give  flavor,  then  spice  the  whole  with  48  grains  of  cinnamon,  and 
as  much  mace,  both  in  powder.  Lastly  introduce  an  ounce  of  ground  Brazil  wood,  and 
infuse  during  10  days,  agitating  3  or  4  times  daily.  A  pretty  deep  hue  ought  to  be  given 
with  caramel. 

Swiss  extract  oftcormwood  is  compounded  as  follows: — 
Tops  of  the  absinthium  majus  4  pounds ; 
Lillo^  absinthium  minus  2  pounds; 
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Roots  of  angelica,  "j 

Calamus  aromaticus.  \    r.       .      /•  •        ^    i 

c    A     c  t\         ■         m  ■  f  01  each  a  lew  grains  at  pleasure ; 

Deeds  ol  the  anisum  Chinas,  f  =>  i  > 

Leaves  of  the  dittany  of  Crete,  J 

Alcohol  of  20°  B.,  four  gallons  Imp. 

Macerate  these  substances  during  eight  days,  then  distil  by  a  gentle  fire ;  draw  off  two 

gallons  of  spirits,  and  add  to  it  2  drachms  of  essential  oil  of  anise-seed.   The  two  gallons 

left  in  the  still  serve  for  preparing  the  vulnerary  spirituous  water. 

Of  coloring  the  liqueurs. 

Yellow  is  given  with  the  yellow  coloring  matter  of  safflower  (carthamus),  which  is 
readily  extracted  by  water. 

Fawn  is  given  by  caramel,  made  by  heating  ground  white  sugar  in  an  iron  spoon  over 
a  charcoal  fire,  till  it  assumes  the  desired  tint,  and  then  pouring  it  into  a  little  cold 
water. 

Red  is  given  by  cochineal  alone,  or  with  a  little  alum. 

Violet  is  given  by  good  litmus  (turnsole). 

Blue  and  g7-een. — Sulphate  of  indigo  gives  the  first.  Aflcr  saturating  it  nearly  with 
ohalk,  alcohol  being  digested  upon  it,  becomes  blue.  This  tincture  mixed  with  that  of 
carthamus  forms  a  good  green. 

LIQUID  AMBER  is  obtained  from  the  liquidamhar  styrnciflua,  a  tree  which  grows  in 
Mexico,  Louisiana,  and  Virginia.  Some  specimens  are  thin,  like  oil,  and  others  are  thick- 
ish,  like  turpentine.  It  is  transparent,  amber  colored,  has  an  agreeable  and  powerful 
smell,  and  an  aromatic  taste,  Avhich  feels  pungent  in  the  throat.  Boiling  alcohol  dissolves 
it  almost  entirely.  It  contains  a  good  deal  of  benzoic  acid,  some  of  which  effloresces 
whenever  the  liquid  amber  hardens  with  keeping. 

LITHARGE  (Eng.  and  Fr. ;  G/«7/e,  Germ.)  is  the  fused  yellow  protoxyde  cf  lead, 
which  on  cooling  passes  into  a  mass  consisting  of  small  six-sided  plates,  cf  a  reddish  yel- 
low color,  and  semi-transparent.  It  generally  contains  more  or  less  red  lead,  whence  the 
variations  of  its  color;  and  carbonic  acid,  especially  when  it  has  been  exposed  to  the  air 
for  some  time.     See  Lkad  and  Silver,  for  its  mode  of  preparation. 

LITHIA  is  a  simple  earthy  or  alkaline  substance,  discovered  not  many  years  ago,  in 
the  minerals  called  petalite  and  triphane.  It  is  white,  very  caustic,  reddens  litmus  and 
red  cabbage,  and  saturates  acids  with  great  facility.  When  exposed  to  the  air  it 
attracts  humidity  and  carbonic  acid.  It  is  more  soluble  in  water  than  baryta  ;  and  has 
such  a  strong  affinity  for  it,  as  to  be  obtained  only  in  the  state  of  a  hydrate.  It  forms  neu- 
tral salts  with  all  the  acids.  It  is  most  remarkable  for  its  power  of  acting  upon,  or  cor- 
roding platinum. 

LITHIUM  is  the  metallic  basis  of  Lithia;  the  latter  substance  consists  of  100  of 
metal,  and  123  of  oxygen. 

LITHOGRAPHY.  Though  this  subject  belongs  rather  to  the  arts  of  taste  and  design 
than  to  productive  manufactures,  its  chemical  principles  fall  within  the  province  of  this 
Dictionary. 

The  term  lithography  is  derived  from  XiQic,  a  stone,  and  ypa(prj,  writing,  and  designates 
the  art  of  throwing  off  impressions,  upon  paper,  of  figures  and  writing  previously  traced 
upon  stone.     The  processes  of  this  art  are  founded  : — 

1.  Upon  the  adhesion  to  a  smoothly  polished  limestone  of  an  encaustic  fat  which  forms 
the  lines  or  traces. 

2.  Upon  the  power,  acquired  hy  the  parts  penetrated  by  this  encaustic,  of  attracting  to 
themselves,  and  becoming  covered  with  a  printer's  ink,  having  linseed  oil  for  its  basis. 

3.  Upon  the  interposition  of  a  film  of  water,  which  prevents  the  adhesion  of  the  ink 
in  all  the  parts  of  the  surface  of  the  stone  not  impregnated  with  the  encaustic. 

4.  Lastly,  upon  a  pressure  applied  by  the  stone,  such  as  to  transfer  to  paper  the  greater 
part  of  the  ink  which  covers  the  greasy  tracings  of  the  encaustic. 

The  lithographic  stones  of  the  best  quality  are  still  procured  from  the  quarry  of 
Solenhofen,  a  village  at  no  great  distance  from  Munich,  where  this  mode  of  printing 
had  its  birth.  They  resemble  in  their  aspect  the  yellowish  white  lias  of  Bath,  but  their 
geological  place  is  much  higher  than  the  lias.  Abundant  quarries  of  these  fine-grained 
limestones  occur  in  the  county  of  Pappenheim,  along  the  banks  of  the  Danube,  pre- 
sentinsr  slabs  of  every  required  degree  of  thickness,  parted  by  regular  seams,  and  ready 
for  removal  with  very  little  violence.  The  2:ood  quality  of  a  lithographic  stone  is  gen- 
erally denoted  by  the  following  characters :  its  hue  is  of  a  yellowish  gray,  and  uniform 
throughout ;  it  is  free  from  veins,  fibres,  and  spots  ;  a  steel  point  makes  an  impression 
on  it  with  difficulty ;  and  the  splinters  broken  off  from  it  by  the  hammer  display  a  con- 
choidal  fracture. 

The  Munich  stones  are  retailed  on  the  spot  in  slabs  or  layers  of  equal  thickness ; 
they  are  quarried  with  the  aid  of  a  saw,  so  as  to  sacrifice  as  little  as  possible  of  the 
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iiTegular  edges  of  the  rectangular  tables  or  plates.  One  of  the  broad  faces  is  then  dresssd 
and  coarsely  smoothed.  The  thickness  of  these  stones  is  nearly  proportional  to  their 
other  dimensions ;  and  varies  from  an  inch  and  two  thirds  to  3  inches. 

In  each  lithographic  establishment,  the  stones  receive  their  finishing,  dressing,  and 
polishing ;  which  are  performed  like  the  grinding  and  polishing  of  mirror  plate.  The 
work  is  done  by  hand,  by  rubbing  circularly  a  moveable  slab  over  another  cemented  in  a 
horizontal  position,  with  fine  sifted  sand  and  water  interposed  between  the  two.  The 
style  of  uwk  that  the  stone  is  intended  to  produce  determines  the  kind  of  polish  that  it 
should  get.  For  crayon  drawing  the  stone  should  be  merely  grained  more  or  less  fine, 
according  to  the  fancy  of  the  draughtsman.  The  higher  the  finish  of  the  surface,  the 
softer  are  the  drawings ;  but  the  printing  process  becomes  sooner  pasty,  and  a  smaller 
number  of  impressions  can  be  taken.  Works  in  ink  require  the  stone  to  be  more  soft- 
ened down,  and  finally  polished  with  pumice  and  a  little  water.  The  stones  thus  prepared 
are  packed  for  use  with  white  paper  interposed  between  their  faces. 

Lithographic  crayons. — Fine  lithographic  prints  cannot  be  obtained  unless  the  crayons 
possess  every  requisite  quality.  The  ingredients  composing  them  ought  to  be  of  such 
a  nature  as  to  adhere  strongly  to  the  stone,  both  after  the  drawing  has  undergone  the 
preparation  of  the  acid,  and  during  the  press-work.  They  should  be  hard  enough  to 
admit  of  a  fine  point,  and  trace  delicate  lines  without  risk  of  breaking.  The  following 
composition  has  been  successfully  employed  for  crayons  by  MM.  Bernard  and  Delaiue, 
at  Paris : — 

Pure  wax,  (first  quality)  -        -        4 

Dry  white  tallow  soap  -        -        -  2 

White  tallow        -        -  .        .        2 

Gum  lac        -        -  -  -  2 

Lamp  black,  enough  to  give  a  dark  tint      1 

Occasionally  copal  varnish         -  -     1 

The  wax  is  to  be  melted  over  a  gentle  fire,  and  the  lac  broken  to  bits  is  then  to  be 
added  by  degrees,  stirring  all  the  while  Avith  a  spatula ;  the  soap  is  next  introduced  in 
fine  shavings  ;  and  when  the  mixture  of  these  substances  is  very  intimately  accomplished, 
the  copal-varnish,  incorporated  with  the  lamp  black,  is  poured  in.  The  heat  and 
agitation  are  continued  till  the  paste  has  acquired  a  suitable  consistence  ;  which  may 
be  recognised  by  taking  out  a  little  of  it,  letting  it  cool  on  a  plate,  and  trying  its 
quality  with  a  penknife.  This  composition,  on  being  cut,  should  afford  briltle  slices. 
The  boiling  may  be  quickened  by  setting  the  rising  vapors  on  fire,  which  increases  the 
temperature,  and  renders  the  exhalations  less  offensive.  When  ready,  it  is  to  be  poured 
into  a  brass  mould,  made  of  two  semi-cylinders  joined  together  by  clasps  or  rings,  forming 
between  them  a  cylindric  tube  of  the  crayon  size.  The  mould  should  be  previously 
smeared  with  a  greasy  cloth. 

M.  Lasteyrie  prescribes  a  more  simple  composition,  said  to  be  equally  fit  for  the 
lithographer's  use : — 

Dried  white  tallow  soap      -        -        -        6  parts. 
White  wax    -        -        -        -        -        -6  — 

Lamp  black        -----         i  — 

The  soap  and  tallow  are  to  be  put  into  a  small  goblet  and  covered  up.  When  the  whole 
is  thoroughly  fused  by  heat,  and  no  clots  remain,  the  black  is  gradually  sprinkled  in  with 
careful  stirring. 

Lithographic  ink  is  prepared  nearly  on  the  same  principles  : — 

Wax        ......  16  parts. 

Tallow 6  — 

Hard  tallow  soap      -        -        -        -  6  — 

Shellac 12  — 

Mastic  in  tears         -        -        -        -  8  — 

Venice  turpentine  -        -        -  1  — 

Lamp  black      -        -        -        -        -  4  — 

The  mastic  and  lac,  previously  ground  together,  are  to  be  heated  with  care  in  the 
turpentine ;  the  wax  and  tallow  are  to  be  added  after  they  are  taken  off  the  fire,  and 
when  their  solution  is  effected,  the  soap  shavings  are  to  be  thrown  in.  Lastly,  the  lamp 
black  IS  to  be  Avell  intermixed.  Whenever  the  union  is  accomplished  by  heat,  the  opera- 
tion is  finished  ;  the  liquor  is  left  to  cool  a  little,  then  poured  out  on  tables,  and,  when  cold, 
cut  into  square  rods. 

Lithographic  ink  of  good  quality  ought  to  be  susceptible  of  forming  an  emulsion  so 
attenuated,  that  it  may  appear  to  be  dissolved  when  rubbed  upon  a  hard  body  in  dis 
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tilled  or  river  water.  It  should  be  flowing  in  the  pen,  not  spreading  on  the  stone  ;  capa- 
ble of  forming  delicate  traces,  and  veiy  black  to  show  its  delineations.  The  most  essen- 
tial quality  of  the  ink  is  to  sink  well  into  the  stone,  so  as  to  re-produce  the  most  delicate 
outlines  of  the  drawing,  and  to  afford  a  great  many  impressions.  It  must  therefore  be 
able  to  resist  the  acid  with  which  the  stone  is  moistened  in  the  preparation,  without  let- 
ting any  of  its  greasy  matter  escape. 

M.  de  Lasteyrie  stales  that  after  having  tried  a  great  many  combinations,  he  gives  the 
preference  to  the  following  : — 

Tallow  soap,  dried  -----        30  parts 
Mastic,  in  tears       .        -        ...         30  — 
White  soda  of  commerce  -        -        .        30  — 

Shellac  150   — 

Lamp-black     ......12  — 

The  soap  is  first  put  into  the  goblet  and  melted  over  the  fire,  to  which  the  lac  being 
added  fuses  immediately ;  the  soda  is  then  intioduced,  and  next  the  mastic,  stirring  all 
the  while  with  a  spatula.  A  brisk  fire  is  applied  till  all  these  materials  be  melted  com- 
pletely, when  the  whole  is  poured  out  into  the  mould. 

The  inks  now  prescribed  may  be  employed  equally  with  the  pen  and  the  hair  pencil, 
for  writings,  black-lead  drawings,  aqua  tinta,  mixed  drawings,  those  which  represent  en- 
gravings on  wood  (wood  cuts),  &c.  When  the  ink  is  to  be  used  it  is  to  be  rubbed  down 
with  water,  in  the  manner  of  China  ink,  till  the  shade  be  of  the  requisite  depth.  The 
temperature  of  the  place  ought  to  be  from  84°  to  90°  Fahr.,  or  the  saucer  in  which  the 
ink-stick  is  rubbed  should  be  set  in  a  heated  plate.  No  more  ink  should  be  dissolved 
than  is  to  be  used  at  the  time,  for  it  rarely  keeps  in  the  liquid  state  for  24  hours ;  and  it 
should  be  covered  or  corked  up. 

Autographic  paper. — Autography,  or  the  operation  by  which  a  writing  or  a  diawing  is 
transferred  from  paper  to  stone,  presents  not  merely  a  means  of  abridging  labor,  but  also 
that  of  reverting  the  Avritings  or  drawings  into  the  direction  in  which  they  were  traced, 
whilst,  if  executed  directly  upon  the  stone,  the  impression  given  by  it  is  wtverted.  Hence, 
a  writing  upon  stone  must  be  inverted  from  right  to  left  to  obtain  direct  impressions. 
But  the  art  of  wi'iting  thus  is  tedious  and  difficult  to  acquire,  while,  by  means  of  the 
autographic  paper  and  the  transfer,  proofs  are  obtained  in  the  same  direction  with  the 
writing  and  drawing. 

Autographic  mk.—li  must  be  fatter  and  softer  than  that  applied  directly  to  the  stone, 
so  that  though  dry  upon  the  paper,  it  may  still  preserve  sufficient  viscidity  to  stick  to  the 
stone  by  mere  pressure. 

To  compose  this  ink,  we  take — 

White  soap        .--...       100  parts 
White  wax  of  the  best  quality        -        -  100  — 

Mutton  suet      ...--.30  — 

Shellac 50  — 

Mastic 50  — 

Lamp-black     -        -        -        -        -  30  or  35  — 

These  materials  are  to  be  melted  as  above  described  for  the  lithographic  ink. 

Lithographic  ink  and  paper. — The  following  recipes  have  been  much  commended : — 

Virgin  or  white  wax    -----  8  parts 

White  soap      ------  2  — 

Shellac 2  — 

»         Lamp-black    ------  3  table-spoonsful. 

Preparation. — The  wax  and  soap  are  to  be  melted  together,  and  before  they  become  so 
hot  as  to  take  fire,  the  lamp-black  is  to  be  well  stirred  in  with  a  spatula,  and  then  the 
mixture  is  to  be  allowed  to  burn  for  30  seconds ;  the  flame  being  extinguished,  the  lac  is 
to  be  added  by  degrees,  carefully  stirring  all  the  time  ;  the  vessel  is  to  be  put  upon  the 
fire  once  more  in  order  to  complete  the  combination,  and  till  the  materials  are  either 
kindled  or  nearly  so.  After  the  flame  is  extinguished,  the  ink  must  be  suff'ered  to  cool  a 
little,  and  then  put  into  the  moulds. 

With  the  ink  crayons  thus  made,  lines  may  be  drawn  as  fine  as  with  the  point  of  the 
graver  and  as  full  as  can  be  desired,  without  risk  of  its  spreading  in  the  carriage.  Its 
traces  will  remain  unchanged  on  paper  for  years  before  being  transferred. 

Some  may  think  it  strange  that  there  is  no  suet  in  the  above  composition,  but  it  has 
been  found  that  ink  containing  it  is  only  good  when  used  soon  after  it  is  made,  and  when 
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immediately  transferred  to  the  stone,  whOe  traces  drawn  on  paper  with  the  suet  ink  lie- 
come  defective  after  4  or  5  days. 

Lithographic  paper. — Lay  on  the  paper,  3  successive  coats  of  sheep-feet  jelly, 

1  layer  of  white  starch, 
1  layer  of  gamboge. 

The  first  layer  is  applied  with  a  sponge  dipped  in  the  solution  of  the  hot  jelly,  very 
equally  over  the  whole  surface,  but  thin ;  and  if  the  leaf  be  stretched  upon  a  cord,  the 
gelatine  will  be  more  uniform.  The  next  two  coats  are  to  be  laid  on,  until  each  is  dry. 
The  layer  of  starch  is  then  to  be  applied  with  a  sponge,  and  it  will  also  be  very  thin  and 
equal.  The  coat  of  gamboge  is  lastly  to  be  applied  in  the  same  way.  When  the  paper 
is  dry,  it  must  be  smoothed  by  passing  it  through  the  lithographic  press;  and  the  more 
polished  it  is,  the  better  does  it  take  on  the  ink  in  fine  lines. 

Transfer. — When  the  paper  is  moistened,  the  transfer  of  the  ink  from  the  gamboge  is 
perfect  and  infallible.  The  starch  separates  from  the  gelatine,  and  if,  after  taking  the 
paper  off  the  stone,  we  place  it  on  a  white  slab  of  stone,  and  pour  hot  water  over  it,  it 
will  resume  its  primitive  state. 

The  coat  of  gamboge  ought  to  be  laid  on  the  same  day  it  is  dissolved,  as  by  keeping  it 
becomes  of  an  oily  nature  ;  in  this  state  it  does  not  obstruct  the  transfer,  but  it  gives  a 
gloss  to  the  paper  which  renders  the  drawing  or  tracing  more  difficult,  especially  to  per- 
sons little  habituated  to  lithography. 

The  starch  paste  can  be  employed  only  when  cold,  the  day  after  it  is  made,  and  after 
having  the  skin  removed  from  its  surface. 

A  leaf  of  such  lithographic  paper  may  be  made  in  two  minutes. 

In  transferring  a  writing,  an  ink  drawing,  or  a  lithographic  crayon,  even  the  impression 
of  a  copper-plate,  to  the  stone,  it  js  necessary,  1.  that  the  impressions  be  made  upon  a  thin 
and  slender  body  like  common  paper ;  2.  that  they  may  be  detached  and  fixed  totally  on 
the  stone  by  means  of  pressure ;  but  as  the  ink  of  a  drawing  sinks  to  a  certain  depth  in 
paper,  and  adheres  pretty  strongly,  it  would  be  difficult  to  detach  all  its  parts,  were  there 
not  previously  put  between  the  paper  and  the  traces,  a  body  capable  of  being  separated 
from  the  paper,  and  of  losing  its  adhesion  to  it  by  means  of  the  water  with  which  it  is 
damped.  In  order  to  produce  this  eflecl,  the  paper  gets  a  certain  preparation,  which  con- 
sists in  coating  it  over  with  a  kind  of  paste  ready  to  receive  every  delineation  without 
suffering  it  to  penetrate  into  the  paper.  There  are  different  modes  of  communicating  this 
property  to  paper.  Besides  the  above,  the  following  may  be  tried.  Take  an  unsized 
paper,  rather  strong,  and  cover  it  with  a  varnish  composed  of: — 

Starch  -  -  -  -  .  120  parts 

Gum  arable  -  -  -  -  -  40    — 

Alum  .  .  -  .  .  20    — 

A  paste  of  moderate  consistence  must  be  made  with  the  starch  and  some  water,  with 
the  aid  of  heat,  into  which  the  gum  and  alum  are  to  be  thrown,  each  previously  dissolved 
in  separate  vessels.  When  the  whole  is  well  mixed,  it  is  to  be  applied,  still  hot,  on  the 
leaves  of  paper,  with  a  flat  smooth  brush.  A  tint  of  yellow  color  may  be  given  to  the 
varnish,  with  a  decoction  of  the  berries  of  Avignon,  commonly  called  French  berries  by 
our  dyers.  The  paper  is  to  be  dried,  and  smoothed  by  passing  under  the  scraper  of  the 
lithographic  press. 

Steel  pens  are  employed  for  writing  and  drawing  with  ink  on  the  lithographic 
stones. 

LITMUS  (Tournesol,  Fr. ;  Lackmns,  Germ.)  is  prepared  in  Holland  from  the  species 
of  lichen  called  Lccnnora  tartarea,  Roccella  iarfarea,  by  a  process  which  has  been  kept 
secret,  but  which  is  undoubtedly  analogous  to  that  for  making  archil  and  cudbear.  The 
ground  lichens  are  first  treated  with  urine  containing  a  little  potash,  and  allowed  to  fer- 
ment, whereby  they  produce  a  purple-red  ;  the  colored  liquor,  treated  with  quicklime  and 
some  more  urine,  is  set  again  to  ferment  during  two  or  three  weeks,  then  it  is  mixed  with 
chalk  or  gypsum  into  a  paste,  which  is  formed  into  small  cubical  pieces,  and  dried  in  the 
shade.  Litmus  has  a  violet-blue  color,  is  easy  to  pulverize,  is  partially  soluble  in  water 
and  dilute  alcohol,  leaving  a  residuum  consisting  of  carbonate  of  lime,  of  clay,  silica, 
gypsum,  and  oxyde  of  fron  combined  with  the  dye.  The  color  of  litmus  is  not  altered  by 
alkalis,  but  is  reddened  by  acids ;  and  is  therefore  used  in  chemistry  as  a  delicate  test  of 
acidity,  either  in  the  state  of  solution  or  of  unsized  paper  stained  with  it.  It  is  employed 
to  dye  marble  blue. 

LIXIVIATION  (Lessivage,  Fr. ;  Auslagen,  Germ.)  signifies  the  abstraction  by  water 
of  the  soluble  alkaline  or  saline  matters  present  in  any  earthy  admixture  ;  as  from  that 
of  quicklime  and  potashes  to  make  potash  ley,  from  that  of  effloresced  alum  schist  to 
make  aluminous  liquors,  &c. 

LOADSTONE,    MAGNETIC    IRON-STONE     (Fer    oxydule,    Fr.  ;     MagneteUm- 
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stein,  Germ.)  ;  an  iron  ore  consisting  of  the  protoxyde  and  peroxyde  of  iron  in  a  state  of 
combination 

LOAM  (Terre-lirnoneuse,  Fr. ;  Lehm,  Germ.) ;  a  native  clay  mixed  with  quartz  sand 
and  iron  ochre,  and  occasionally  with  some  carbonate  of  lime. 

LODE,  is  the  name  given  by  the  Cornish  miners  to  a  vein,  whether  it  be  filled  with 
metallic  or  earthy  matter. 

LOGWOOD  (Bois  de  Campeche,  Bois  bleu,  Fr. ;  Blauholz,  Germ.)  is  the  wood  of 
the  HcBmatoxylon  Campechianum,  a  native  tree  of  central  America,  grown  in  Jamaica  since 
1715.  It  was  first  introduced  into  England  in  the  reign  of  Elizabeth,  but  as  it  afforded 
to  the  unskilful  dyers  of  her  time  a  fugitive  color,  it  was  not  only  prohibited  from  being 
used,  under  severe  penalties,  but  was  ordered  to  be  burned  wherever  found,  by  a  law  pass- 
ed in  the  23d  year  of  her  reign.  The  same  prejudice  existed,  and  the  same  law  was  en- 
acted against  indigo.  At  length,  after  a  century  of  absurd  prohibition,  these  two  most 
valuable  tinctorial  matters,  by  which  all  our  hats,  and  the  greater  part  of  our  wooUen 
cloths,  are  dyed,  were  allowed  to  be  used. 

Old  wood,  with  black  bark  and  with  little  of  the  white  alburnum,  is  preferred.  Logwood 
is  denser  than  water,  very  hard,  of  a  fine  compact  grain,  and  almost  indestructible  by  the 
atmospheric  elements;  it  has  a  sweet  and  astringent  taste,  and  a  peculiar  not  inoffensive 
smell. 

For  its  chemical  composition,  see  Hematin. 

When  chipped  logwood  is  for  some  time  exposed  to  the  air,  it  loses  a  portion  of  its  dye- 
ing power.  Its  decoction  absorbs  the  oxygen  of  the  atmosphere,  and  then  acquires  the 
property  of  precipitating  with  gelatine,  which  it  had  not  before.  The  dry  extract  of  log- 
wood, made  from  an  old  decoction,  affords  only  a  fugitive  color. 

For  its  applications  in  dyeing,  see  Black  Dye;  Brown  Dye;  Calico  Printing; 
Dyeing  ;  Hat  Dyeing,  &c. 

The  imports  of  logwood  for  home  use  were,  in  1836,  12,880  tons,  13  cwts. ;  in  1837, 
14,677  tons,  13  cwts.  And  the  amount  of  duty  received  was,  in  1836,  2,480Z. ;  in  1837, 
2,552/. 

LOOM  {Metier  ci  tisser,  Fr. ;  Weberstuhl,  Germ.)  is  the  ancient  and  well-known  ma- 
chine for  weaving  cloth  by  the  decussation  of  a  series  of  parallel  threads,  which  run  length- 
wise, called  the  warp  or  chain,  with  other  threads  thrown  transversely  with  the  shuttle, 
called  the  woof  or  weft.     See  Jacquard  Loom  and  Weaving. 

LUBRICATION.  The  following  simple  and  efficacious  plan  of  lubricating  the  joints 
and  bearings  of  machinery  by  capillary  attraction,  has  been  kindly  communicated  to  me 
by  its  ingenious  inventor,  Edward  Woolsey,  Esq. :  — 

Fig.  645,  represents  a  tin  cup,  which  has  a  small  tin  tube  a,  which  passes  through  the 
bottom,  as  shown  by  the  dotted  lines.     It  may  have  a  tin  cover  to  keep  out  the  dust. 

Fig.  646,  is  a  plan  of  the  same. 

Fig.  647,  is  a  section  of  the  same.  Oil  is  poured  into  the  cup,  and  one  end  of  a 
worsted  or  cotton  thread  is  dipped  into  the  oil,  and  the  other  end  passed  through  the 
tube.  The  capillary  attraction  causes  the  oil  to  ascend  and  pass  over  the  orifice  of  the 
tube,  whence  it  gradually  descends,  and  drops  slower  or  quicker,  according  to  the  length 
of  the  thread,  or  its  thickness,  until  every  particle  of  oil  is  drawn  over  by  this  capillary 
syphon.  The  tube  is  intended  to  be  put  into  the  bearings  of  shafts,  &c.,  and  is  made 
of  any  size  that  may  be  wished.  If  oil,  or  other  liquids,  is  desired  to  be  dropped  upon  a 
grindstone  or  other  surface,  this  cup  can  have  a  handle  to  it,  or  be  hung  fi'om  the 
ceiling. 

Fig.  648.  It  is  frequently  required  to  stop  the  capillary  action  when  the  machinery  is 
not  going;  and  this  has  been  effected  by  means  of  a  tightening  screw,  which  passes  through 
a  screw  boss  in  the  cover  of  the  cup,  and  presses  against  the  internal  orifice  of  the  tube, 
preventing  the  oil  from  passing. 

Fig.  649.  As  I  find  when  these  screw  cups  (fig.  648)  are  used  upon  beams  of  engines 
and  moving  bearings,  that  the  screw  is  apt  to  be  tightened  by  the  motion  ;  and  also,  as 
I  think  the  action  of  the  screw  is  uncertain,  from  the  workman  neglecting  to  screw  it 
down  sufficiently,  it  answers  best  to  take  out  the  capillary  thread  when  the  lubrication 
is  not  required ;  and  to  effect  this  easily,  I  have  a  tin  top  to  the  cup,  with  a  round 
pipe  soldered  to  it :  this  pipe  has  a  slit  in  it,  like  a  pencil  case,  and  allows  a  bolt  b 
to  slide  easily  in  it.  In  fig.  650,  the  bolt  is  down;  in  _^g.  651,  the  bolt,  which  is  a 
piece  of  brass  wire,  is  drawn  up,  and  there  is  no  capillary  action  between  the  thread  and 
the  oil.  In  fig.  651,  it  will  be  observed,  that  the  bolt  is  kept  in  its  place  by  its  head  c, 
resting  in  a  lateral  slit  in  the  pipe,  and  it  cannot  be  drawn  out  on  account  of  the  pin  e. 
One  end  of  the  thread  is  fastened  to  the  eye-hole  at  the  bottom  of  the  bolt,  and  the  other 
end  is  tied  to,  a  small  wire  which  crosses  the  lower  orifice  of  the  tube  at  d,  and  which  is 
shown  in  plan  fig.  652. 

By  this  simple  contrivance  the  capillary  action  can  be  stopped  or  renewed  in  a  second, 
without  removing  the  top  of  the  Inbricator. 
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The  saving  by  this  plan,  instead  of  pouring  oil  into  the  bearings,  is  2  gallons  out  of  3, 
•while  the  bearings  are  better  oiled. 
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"  I  send  you  the  drawings  of  the  lubricators,  with  a  detailed  explanation.  I  have 
omitted  to  state,  that  the  saving  in  labor  is  considerable  where  there  are  many  joints 
to  keep  oiled  three  or  four  times  a  day ;  and  that  the  workman  does  not  with  this 
apparatus,  run  the  risk  of  being  caught  by  the  machinery.  Perhaps  your  friends  may 
be  at  a  loss  how  to  tie  on  the  cotton  or  worsted  thread.  I  pass  a  long  thread  through 
the  eye-hole  e  of  the  bolt,  and  then  draw  the  two  ends  through  the  tube  by  a  fine  wire 
with  a  hook  to  it,  one  end  on  one  side  of  the  cross  wire  d,  and  the  other  end  on  the  othei 
side.  I  then  put  the  cover  on,  and  the  bolt  in  the  position  sho'vn  in  fig.  651 ;  when  by 
drawing  the  two  ends  of  the  tliread,  and  tying  them  across  the  wire  d,  you  have  the  exact 
length  required.  When  you  wish  to  see  the  quantity  of  oil  remaining  in  the  lubricator, 
the  bolt  must  be  dropped  as  in  fig.  650,  and  you  can  then  lift  the  cover  a  little  way  off, 
without  breaking  the  thread,  and  replenish  with  oil.  The  cost  o(  fig.  650,  in  tin  plate,  is 
M.    The  figures  in  the  wood  cuts  are  one  third  of  the  fuU  size. 

"  Believe  me  to  be  yours  sincerely, 

"  E.  J.    WOOLSEY." 

LUPINTNTE,  is  a  substance  of  a  gummy  appearance,  so  named  by  M.  Cussola,  because 
it  was  obtained  from  Lupines. 

LUPULINE,  from  Humulus  Lupulus ;  is  the  peculiar  bitter  aromatic  principle  of  the 
hop.     See  Beer. 

LUTE  (from  luium,  clay ;  Lut,  Fr. ;  Kitte,  Beschldge,  Germ.)  is  a  pasty  or  loamy 
matter  employed  to  close  the  joints  of  chemical  apparatus,  or  to  coat  their  surfaces,  and 
protect  them  from  the  direct  action  of  flame.  Lutes  differ  according  to  the  nature  of  the 
vapors  which  they  are  destined  to  confine,  and  the  degree  of  heat  which  they  are  to  be 
exposed  to. 

1.  Lute  of  linseed  meal,  made  into  a  soft  plastic  dough  with  water,  and  immediately  ap- 
plied pretty  thick  to  junctions  of  glass,  or  stone- ware,  makes  them  perfectly  tight,  hardens 
speedily,  resists  acid  and  ammoniacal  vapors,  as  also  a  moderate  degree  of  heat.  It  be- 
comes stronger  when  the  meal  is  kneaded  with  milk,  lime-water,  or  solution  of  glue. 

2.  Lute  of  thick  gum-water,  kneaded  with  clay,  and  iron  filings,  serves  well  for  per- 
manent junctions,  as  it  becomes  extremely  solid. 

3.  By  softening  in  water  a  piece  of  thick  brown  paper,  kneading  it  first  with  rye- 
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irour  paste,  and  then  with  some  potter's  clay,  till  it  acquii-e  the  proper  consistence,  a 
lute  is  formed  which  does  not  readily  crack  or  scale  off. 

4.  Lute,  consisting  of  a  strong  solution  of  glue  kneaded  into  a  dough  with  new  slaked 
lime,  is  a  powerful  cement,  and  with  the  addition  of  white  of  egg,  forms  the  lut  d'ane  ; — 
a  composition  adapted  to  mend  hroken  vessels  of  porcelain  and  stone-ware. 

5.  Skim-milk  cheese,  boiled  for  some  time  in  water,  and  then  triturated  into  paste  with 
fresh-slaked  lime,  forms  also  a  good  lute. 

6.  Calcined  gypsum,  diffused  through  milk,  solution  of  glue  or  starch,  is  a  valuable 
lute,  in  many  cases. 

7.  A  lute  made  with  linseed,  melted  caoutchouc,  and  pipe-clay,  incorporated  into  a 
smooth  dough,  may  be  kept  long  soft  when  covered  in  a  cellar,  and  serves  admirably  to 
confine  acid  vapors.  As  it  does  not  harden,  it  may  therefore  be  applied  and  taken  off  as 
often  as  we  please. 

8.  Caoutchouc  itself,  after  being  melted  in  a  spoon,  may  be  advantageously  used  for 
securing  joints  against  chlorine  and  acid  vapors,  in  emergencies  when  nothing  else  would 
be  effectual.     It  bears  the  heat  at  which  sulphuric  acid  boils. 

9.  The  best  lute  for  joining  crucibles  inverted  into  each  other,  is  a  dough  made  with  a 
mixture  of  fresh  fire-clay,  and  ground  fire-bricks,  worked  with  water.  That  cement  if 
made  with  solution  of  borax  answers  still  better,  upon  some  occasions,  as  it  becomes  a 
compact  vitreous  mass  in  the  fire.     See  Cements. 

LUTEOLINE,  is  a  yeUow  coloring  matter  discovered  by  Chevreul  in  weld.  When 
sublimed,  it  crystallizes  in  needles. 

LYCOPODIUM  CLAVATUM.  The  seeds  of  the  lycopodium  ripen  in  September. 
They  are  employed,  on  account  of  their  great  combustibility,  in  theatres,  to  imitate  the 
sudden  flash  of  lightning,  by  throwing  a  quantity  of  them  from  a  powder  puff,  or  bellows, 
across  the  flame  of  a  candle. 

LYDIAN  STONE  is  flint-slate. 


M. 

MACARONI  is  a  dough  of  fine  wheat  flour,  made  into  a  tubular  or  pipe  form,  of  thr 
thickness  of  goose-quills,  which  was  first  prepared  in  Italy,  and  introduced  into  commerce 
under  the  name  of  Italian  or  Genoese  paste.  The  wheat  for  this  purpose  must  be  ground 
into  a  coarse  flour,  called  gruau  or  semoule,  by  the  French,  by  means  of  a  pair  of  light 
mill-stones,  placed  at  a  somewhat  greater  distance  than  usual.  This  semoule  is  the  sub- 
stance employed  for  making  the  dough.  For  the  mode  of  manufacturing  it  into  pipes, 
see  Vermicelli. 

MACE  is  a  somewhat  thick,  tough,  unctuous  membrane,  reticulated  or  chapt,  of  a 
yellowish-brown  or  orange  color.  It  forms  the  envelop  of  the  shell  of  the  fruit  of  the 
rmjristica  moschata,  which  contains  the  nutmeg.  It  is  dried  in  the  sun,  after  being 
dipped  in  brine ;  sometimes  it  is  sprinkled  over  with  a  little  brine,  before  packing,  to 
prevent  the  risk  of  moulding.  Mace  has  a  more  agreeable  flavor  than  nutmeg ; 
with  a  warm  and  pungent  taste.  It  contains  tAvo  kinds  of  oil ;  the  one  of  which  is 
unctuous,  bland,  and  of  the  consistence  of  butter ;  the  other  is  volatile,  aromatic,  and 
thinner.  The  membrane  is  used  as  a  condiment  in  cookery,  and  the  aromatic  oil  in 
medicine. 

MACERATION  (Eng.  and  Fr. ;  Einweichen,  Germ.),  is  a  preparatory  steep  to  which 
certain  vegetable  and  animal  substances  are  submitted,  with  the  view  of  distending  their 
fibres  or  pores,  and  causing  them  to  be  penetrated  by  such  menstrua  as  are  best  adapted 
to  extract  their  soluble  parts.  Water  alone,  or  mixed  with  acids,  alkalis,  or  salts ;  alcohol 
and  ether,  are  the  liquids  usually  employed  for  that  purpose. 

MACLE  is  the  name  of  certain  diagonal  black  spots  in  minerals,  like  the  ace  of 
diamonds  in  cards,  supposed  to  proceed  from  some  disturbance  of  the  particles  in  the  act 
of  crystallization. 

MADDER  {Garance,  Fr. ;  Farberroihe,  Germ.),  a  substance  very  extensively  used  in 
dyeing,  is  the  root  of  the  Rubia  tindorum,  a  plant,  of  which  two  species  are  distinguish- 
ed by  Linnaeus. 

The  best  roots  are  those  which  have  the  size  of  a  writing  quill,  or,  at  most,  of  the 
little  finger.  They  are  semi-transparent,  and  reddish ;  have  a  strong  odor,  and  a  smooth 
bark.     They  should  be  of  two  or  three  years'  growth. 

The  madder,  taken  from  the  ground  and  picked,  must  be  dried  in  order  to  be  ground 
and  preserved.  In  warm  climates  it  is  dried  in  the  open  air ;  but,  elsewhere,  stoves  must 
be  employed. 
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The  stringy  filaments  and  epidermis  are  to  be  removed,  called  mulle ;  as  also  the  pith, 
so  as  to  leave  nothing  but  the  ligneous  fibres. 

The  preparation  of  madders  is  carried  on  in  the  department  of  the  Rhone,  in  the  fol- 
lowing manner. 

The  roots  are  dried  in  a  stove  heated  by  means  of  a  furnace,  from  which  the  air  is 
allowed  to  issue  only  at  intervals,  at  the  moment  when  it  is  judged  to  be  saturated  with 
moisture.  The  furnace-flue  occupies  a  great  portion  of  the  floor;  above  are  three  close 
gratings,  on  which  the  roots  are  distributed  in  layers  of  about  two  decimetres  (nearly  8 
inches).  At  the  end  of  24  hours,  those  which  are  on  the  first  grated  floor  directly  above 
the  stove  are  dry,  when  they  are  taken  away  and  replaced  by  those  of  the  superior  floors. 
This  operation  is  repeated  whenever  the  roots  over  the  stove  are  dry.  The  dry  roots  are 
thrashed  with  a  flail,  passed  through  fanners  similar  to  those  employed  for  corn,  and  then 
shaken  upon  a  very  coarse  sieve.  What  passes  through  is  farther  winnowed  and  gifted 
tluough  a  finer  sieve  than  the  first.  These  operations  are  repeated  five  times,  proceeding 
successively  to  sieves  still  finer  and  finer,  and  setting  aside  every  time  what  remains  on 
the  sieve.  What  passes  through  the  fifth  sieve  is  rejected  as  sand  and  dust.  After  these 
operations,  the  whole  fibrous  matters  remaining  on  the  sieve  are  cleaned  with  common 
fanners,  and  women  separate  all  the  foreign  matters  which  had  not  been  removed  before. 
For  dividing  the  roots,  afterwards,  into  different  qualities,  a  brass  sieve  is  made  use  of, 
whose  meshes  are  from  six  to  three  millimetres  in  diameter  (from  f  th  to  |th  inch  E.) 
What  passes  through  the  finest  is  rejected;  and  what  passes  through  the  coarsest  is  re- 
garded as  of  the  best  quality.  These  roots,  thus  separated,  are  carried  into  a  stove,  of  a 
construction  somewhat  different  from  the  first.  They  are  spread  out  in  layers  of  about 
a  decimetre  in  thickness  (nearly  4  inches  E.),  on  large  lattice-work  frames,  and  the  dry- 
ing is  known  to  be  complete,  when  on  taking  up  a  handful  and  squeezing  it,  the  roots 
break  easily.  On  quitting  the  stove,  the  madder  is  carried,  still  hot,  into  a  machine, 
where  it  is  minced  small,  and  a  sieve  separates  the  portion  of  the  bark  reduced  to  powder. 
This  operation  is  repeated  three  or  four  times,  and  then  the  bolter  is  had  recourse  to. 
What  passes  through  the  sieve,  or  the  brass  meshes  of  the  bolter,  is  regarded  as  com- 
mon madder ;  and  what  issues  at  the  extremity  of  the  bolter  is  called  the  flour.  Lastly, 
the  madder  which  passes  through  the  bolter  is  ground  in  a  mill  with  vertical  stones,  and 
then  passed  through  sieves  of  different  sizes.  What  remains  above  is  always  better  than 
what  goes  through. 

The  madder  of  Alsace  is  reduced  to  a  very  fine  powder,  and  its  coloring  matter  is  ex- 
tracted by  a  much  longer  ebullition  than  is  necessary  for  the  lizari  of  the  Levant.  The 
prepared  madders  ought  to  be  carefully  presented  from  humidity,  because  they  easily  im- 
bibe moisture,  in  which  case  fermentation  spoils  their  color. 

D'Ambourney  and  Beckman  have  asserted,  that  it  is  more  advantageous  to  employ  the 
fresh  root  of  madder  than  what  has  been  submitted  to  desiccation,  especially  by  means 
of  stoves.  But  in  its  states  of  freshness,  its  volume  becomes  troublesome  in  the  dyeing 
bath,  and  uniform  observation  seems  to  prove  that  it  ameliorates  by  age.  Besides,  it 
must  be  rendered  suceptible  of  keeping  and  carrying  easily. 

It  appears  that  madder  may  be  considered  as  composed  of  two  coloiing  substances,  one 
of  which  is  dun  (tawny),  and  the  other  is  red.  Both  of  these  substances  may  combine 
with  the  stuff.  It  is  of  consequence,  hoAvever,  to  fix  only  the  red  part.  The  dun  portion 
appears  to  be  more  soluble,  but  its  fixity  on  stuffs  may  possibly  be  increased  by  the  affinity 
which  it  has  for  the  red  portion. 

The  diflcrent  additions  made  to  madder,  and  the  multiplied  processes  to  which  it  is 
sometimes  exposed,  have  probably  this  separation  for  their  chief  object. 

The  red  portion  of  madder  is  soluble,  but  in  small  quantity,  in  water.  Hence  but  a 
limited  concentration  can  be  given  to  its  solution.  If  the  portion  of  this  substance  be 
too  much  increased,  so  far  from  obtaining  a  greater  effect,  we  merely  augment  the  pro- 
portion of  the  dun  part,  which  is  the  more  soluble  of  the  two. 

In  consequence  of  the  Societe  Industrielle  of  Mulhausen  having  offered  in  the  year 
1826  large  premiums  to  the  authors  of  the  best  analytical  investigation  of  madder,  eight 
memoirs  were  transmitted  to  it  in  the  year  1827.  They  were  examined  with  the  greatest 
care  by  a  committee  consisting  of  able  scientific  and  practical  men.  None  of  the  com- 
petitors however  fulfilled  the  conditions  of  the  programme  issued  by  the  society;  but  four 
of  them  received  a  tribute  of  esteem  and  gratitude  from  it;  MM.  Robiquet  and  Colin  at 
Paris,  Kuhlmann  at  Lille,  and  Houton-Libillardiere.  Fresh  premiums  were  offered  for 
next  year,  to  the  amount  of  2000  francs. 

Every  real  discovery  made  concerning  this  precious  root,  would  be  of  vast  consequence 
to  dyers  and  calico-printers.  Both  M.  Kuhlmann,  and  Robiquet  and  Colin,  conceived 
that  they  had  discovered  a  new  principle  in  madder,  to  which  they  gave  the  name 
alizarine.  The  latter  two  chemists  treated  the  powdered  madder  with  sulphuric  acid, 
taking  care  to  let  it  heat  as  little  as  possible.  By  this  action  the  whole  is  carbonized, 
except  perhaps  the  red  matter.      The  charcoal  thus  obtained  is  pulverized,  mixed  with 
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water,  thrown  upon  a  filter,  and  well  washed  in  the  cold.  It  is  next  dried,  ground,  and 
diffused  through  fifty  parts  of  water,  containing  six  parts,  of  alum.  This  mixture  is  then 
boiled  for  one  quarter  of  an  hour,  and  thrown  upon  a  filter  cloth  while  boiling  hot.  The 
residuum  is  once  more  treated  with  a  little  warm  alum  water.  The  two  liquors  are  to 
be  mixed,  and  one  part  of  sulphuric  acid  poured  into  them ;  when  they  are  allowed  to 
cool  with  occasional  agitation.  Flocks  now  make  their  appearance  ;  the  clear  liquid  is 
decanted,  and  the  grounds  are  thrown  upon  a  filter.  The  precipitate  is  to  be  washed, 
first  with  acidulated  water,  then  with  pure  water,  and  dried,  when  the  coloring  matter 
is  obtained  in  a  red  or  purple  state.  This  purple  substance,  when  heated  dry,  gives  out 
alizarine,  and  an  empyreumatic  oil,  having  an  odor  of  animal  matter  ;  while  a  charcoally 
matter  remains. 

M.  Dan.  Koechlin,  the  justly  celebrated  calico-printer  of  Mulhausen,  has  no  faith  in 
alizarine  as  the  dyeing  principle  of  madder ;  and  thinks  moreover  that,  were  it  of  value, 
it  could  not  be  extracted  on  the  great  scale,  on  account  of  the  destructive  heat  which 
would  result  from  the  acid  acting  upon  a  considerable  body  of  the  ground  madder.  Their 
alizarine  is  not  a  uniform  substance,  as  it  ought  to  be,  if  a  proximate  pi-inciple ;  for  sam- 
ples of  it  obtained  in  different  repetitions  of  the  process  have  produced  very  variable  ef- 
fects in  dyeing.  The  madders  of  Avignon,  though  richer  in  color  than  those  of  Alsace, 
afford  however  little  or  no  alizarine.  In  fact,  purpurine,  the  crude  substance  from  which 
they  profess  to  extract  alizarine,  is  a  richer  dye  than  this  pure  substance  itself. 

Madder  contains  so  beautiful  and  so  fast  a  color,  that  it  has  become  of  almost 
universal  employment  in  dyeing;  but  that  color  is  accompanied  with  so  many  other 
substances  which  mask  and  degrade  it,  that  it  can  be  bi'ought  out  and  fixed  only  after  a 
series  of  operations  more  or  less  difficult  and  precarious.  This  dye  is  besides  so  little 
soluble,  that  much  of  it  is  thrown  away  in  the  dye-house ;  the  portion  supposed  to  be 
exhausted  being  often  as  rich  as  other  fresh  madder ;  hence  it  would  be  a  most  valuable 
improvement  in  this  elegant  art  to  insulate  this  tinctorial  body,  and  make  it  a  new  product 
of  manufacture. 

Before  the  time  of  Haussmann,  an  apothecary  at  Colmar,  the  madder  bath  was  subject 
to  many  risks,  which  that  skilful  chemist  taught  dyers  how  to  guard  against,  by  intro- 
ducing a  certain  quantity  of  chalk  into  the  bath.  A  change  of  residence  led  Haussman 
to  this  fortunate  result.  After  having  made  very  fine  reds  at  Rouen,  he  encountered 
the  greatest  obstacles  in  dyeing  the  same  reds  at  Logelbach  near  Colmar,  where  he  went 
to  live.  Numerous  trials,  undertaken  with  the  view  of  obtaining  the  same  success  in 
his  new  establishment,  proved  that  the  cause  of  his  favorable  results  at  Rouen  existed  in 
the  water,  w;hich  contained  carbonate  of  lime  in  solution,  whilst  the  water  of  Logelbach 
was  nearly  pure.  He  then  ti4ed  a  factitious  calcareous  water,  by  adding  chalk  to  his 
dye  bath.  Having  obtained  the  most  satisfactory  results,  he  was  not  long  of  producing 
here  as  beautiful  and  as  solid  reds  as  he  had  done  at  Rouen.  This  practice  became 
soon  general  among  the  calico-printers  of  Alsace,  though  in  many  dye-works  the  chalk 
is  now  replaced  by  lime,  potash,  or  soda.  But  when  the  madder  of  Avignon  is  used, 
all  these  antacid  correctives  become  unnecessary,  because  it  contains  a  sufficient  quantity 
of  carbonate  of  lime ;  an  important  fact  first  analj'tically  demonstrated  by  that  accurate 
chemist  M.  Henri  Schlumberger  of  Mulhausen.  Avignon  madder  indicates  the  pre- 
sence of  carbonate  of  lime  in  it,  by  effervescing  with  dilute  acids,  which  Alsace  madder 
does  not. 

M.  Kuhlman  found  a  free  acid  resembling  the  malic,  in  his  analysis  of  madders.  But 
his  experiments  were  confined  to  those  of  Alsace.  The  madders  of  Avignon  are  on  the 
contrary  alkaline,  as  may  be  inferred  from  the  violet  tint  of  the  froth  of  their  infusions ; 
whereas  that  of  the  Alsace  madders  is  yellowish,  and  it  strongly  reddens  litmus  paper. 
This  important  difference  between  the  plants  of  these  two  districts,  depends  entirely  upon 
the  soil ;  for  madders  grown  in  a  calcareous  shelly  soil  in  Alsace,  have  been  found  to  be 
possessed  of  the  properties  of  the  Avignon  madder. 

The  useful  action  of  the  carbonate  and  the  phosphate  of  lime  in  the  madder  of  Avignon, 
explains  why  madders  treated  with  acids  which  remove  their  calcareous  salts,  without 
taking  away  their  coloring  matter,  lose  the  property  of  forming  fast  dyes.  Many  manu- 
facturers are  in  the  habit  of  mixing  together,  and  with  advantage,  difl'erenl  sorts  of  mad- 
der. That  of  Avignon  contains  so  much  calcareous  matter  that,  when  mixed  with  the 
madder  of  Alsace,  it  can  compensate  for  its  deficiency.  Some  of  the  latter  is  so  deficient 
as  to  afford  colors  nearly  as  fugitive  as  those  of  Brazil  wood  and  quercitron.  The  Alsace 
madders  by  the  addition  of  chalk  to  their  baths,  become  as  fit  for  dyeing  Turkey  reds  as 
those  of  Avignon.  When  the  water  is  very  pure,  one  part  of  chalk  ouirht  to  be  used  to 
five  of  Alsace  madder,  but  when  the  waters  are  calcareous,  the  chalk  should  be  omitted. 
Lime,  the  neutral  phosphate  of  lime,  the  carbonate  of  magnesia,  oxyde  and  carbonate  of 
zinc,  and  several  other  substances,  have  the  property  of  causing  madder  to  form  a  fast 
dye,  in  like  manner  as  the  carbonate  of  lime. 
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The  temperature  of  from  50°  to  60=  R.  (145°  to  167°  F.),  is  the  best  adapted  to  the 
solution  of  the  coloring  matter,  and  to  its  combination  with  the  mordants ;  and  thus  a 
boiling  heat  may  be  replaced  advantageously  by  the  long  continuance  of  a  lower  tempera- 
ture. A  large  excess  of  the  dye-stuff  in  the  bath  is  unfavorable  in  two  points  of  view ; 
it  causes  a  waste  of  coloring  matter,  and  renders  the  tint  dull.  It  is  injurious  to  allow 
the  bath  to  cool,  and  to  heat  it  again. 

In  a  memoir  published  by  the  Society  of  Mulhausen,  in  September,  1835,  some 
interesting  experiments  upon  the  growth  of  madders  in  factitious  soils  are  related  by 
MM.  Koechlin,  Persoz,  and  Schlumberger.  A  patch  of  ground  was  prepared  contain- 
ing from  50  to  80  per  cent,  of  chalky  matter,  and  nearly  one  fifth  of  its  bulk  of  good 
horse-dung.  Slips  of  Alsace  and  Avignon  madders  were  planted  in  March,  1834,  and 
a  part  of  the  roots  were  reaped  in  November  following.  These  roots,  though  of  only  six 
months  growth,  produced  tolerably  fast  dyes,  nor  was  any  difl'erence  observable  between 
the  Alsace  and  the  Avignon  species ;  whilst  similar  slips  or  cuttings,  planted  in  a  natural 
non-calcareous  soil,  alongside  of  the  others,  yielded  roots  which  gave  fugitive  dyes. 
Others  were  planted  in  the  soil  of  Palud,  transported  from  Avignon,  which  contained 
more  than  90  per  cent,  of  carbonate  of  lime,  and  they  produced  roots  that  gave  still  faster 
dyes  than  the  preceding.  Three  years  are  requisite  to  give  the  full  calcareous  impregna- 
tion to  the  indigenous  madders  of  Avignon. 

As  to  the  function  of  the  chalk,  valuable  observations,  made  long  ago  by  M.  Daniel 
KcEchlin,  have  convinced  him,  that  the  combination  of  two  diflferent  bases  with  a  coloring 
matter,  gave  much  more  solidity  to  the  dye,  in  consequence,  undoubtedly,  of  a  greater 
insolubility  in  the  compound.  Experiments  recently  made  by  him  and  his  colleagues 
above  named,  prove  that  in  all  cases  of  madder  dyeing  under  the  influence  of  chalk,  a 
certain  quantity  of  lime  becomes  added  to  the  aluminous  mordant.  In  the  subsequent 
clearing  with  a  soap  bath,  some  of  the  alumine  is  removed,  and,  there  remains  upon  the 
fibre  of  the  cloth  a  combination  of  these  two  earths  in  atomic  proportions.  Thus  the 
chalk  is  not  for  the  purpose  of  saturating  the  acid,  as  had  been  supposed,  but  of  forming 
a  definite  compound  with  alumina,  and  probably  also  with  the  fatty  bodies,  and  the  color- 
ing matter  itself. 

The  red  mordants  are  prepared  commonly  in  ALsace,  as  follows  : — The  crushed  alum 
and  acetate  of  lead  being  weighed,  the  former  is  put  into  a  deep  tub,  and  dissolved  by 
adding  a  proper  quantity  of  hot  water,  when  about  one  tenth  of  its  weight  of  soda  crystals 
is  introduced  to  saturate  the  excess  of  acid  in  the  alum.  The  acetate  of  lead  is  now  mix- 
ed in  ;  and  as  this  salt  dissolves  verj'  quickly,  the  reaction  takes  place  almost  instantly. 
Care  must  be  taken  to  stir  for  an  hour.  The  vessel  should  not  be  covered,  lest  its  con- 
tents should  cool  too  slowly. 

The  diflerent  mordants  most  generally  employed  for  madder,  are  detailed  under  Colors, 
in  Calico-Pbinting  and  Mordant. 

Much  mordant  should  not  be  prepared  at  once,  for  sooner  or  later  it  will  deposite  some 
sub-acetate  of  alumina.  This  decomposition  takes  place  even  in  corked  vials  in  the  cold; 
and  the  precipitate  does  not  readily  dissolve  again  in  acetic  acid.  All  practical  men  know 
that  certain  aluminous  mordants  are  decomposed  by  heating  them,  and  restored  on  cooling, 
as  Gay  Lussac  has  pointed  out.  He  observed,  that  by  adding  to  pure  acetate  of  alumina, 
some  alum  or  sulphate  of  potash,  the  mixture  acquires  the  property  of  forming  a  precipi- 
tate with  a  heat  approaching  the  boiling  point,  and  of  re-dissolving  on  cooling.  The  pre- 
cipitate is  alumina  nearly  pure,  according  to  M.  Gay  Lussac ;  but,  by  M.  Koechlin's  more 
recent  researches,  it  is  shown  to  be  sub-sulphate  of  alumina,  containing  eight  times  as 
much  base  as  the  neutral  sulphate. 

Madder  dye. — On  account  of  the  feeble  solubility  of  its  coloring  matter  in  water,  we 
cannot  dye  with  its  decoction  ;  but  we  must  boil  the  dye-stuff  along  with  the  goods  to  be 
dyed ;  whereby  the  water  dissolves  fresh  portions  of  the  dye,  and  imparts  it  in  succession 
to  the  textile  fibres.  In  dyeing  with  madder,  we  must  endeavor  to  fix  as  little  of  the  dun 
matter  as  possible  upon  the  cloth. 

Dyeivg  on  tcool. — Alumed  wool  takes,  in  the  madder  bath,  a  red  color,  which  is  not 
5!0  bright  as  cochineal  red,  but  it  is  faster ;  and  as  it  is  far  cheaper,  it  is  much  used  in 
England  to  dye  soldiers'  cloth.  A  mordant  of  alum  and  tartar  is  employed  ;  the  bath  of 
madder,  at  the  rate  of  from  8  to  16  ounces  for  the  pound  of  cloth,  is  heated  to  such  a  de- 
gree that  we  can  just  hold  our  hand  in  it,  and  the  goods  are  then  dyed  by  the  wince,  with- 
out heating  the  bath  more  till  the  coloring  matter  be  fixed.  Vitalis  prescribes  as  a  mor- 
dant, one  fourth  of  alum,  and  one  sixteenth  of  tartar;  and  for  dyeing,  one  third  of  madder, 
with  the  addition  of  a  24th  of  solution  of  tin  diluted  with  its  weight  of  water.  He  raises 
the  temperature  in  the  space  of  an  hour  to  200°,  and  afterwards  he  boils  for  3  or  4  min- 
utes ;  a  circumstance  which  is  believed  to  contribute  to  the  fixation  of  the  color.  The 
bath,  after  dyeing,  appears  much  loaded  with  yellow  matter,  because  this  has  less  affinity 
for  the  alum  mordant  than  the  red.  Sometimes  a  little  archil  is  added  to  the  madder,  to 
give  the  dye  a  pink  tinge ;  but  this  is  fugitive. 
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Silk  is  seldom  dyed  with  madder,  because  cochineal  affor'is  brighter  tints. 

Dyeing  on  cotton  and  linen. — The  most  brilliant  and  fastest  madder  red  is  the  Turkey  or 
Adrianople.  The  common  madder  reds  are  given  in  the  following  way  : — The  yarn  or 
cloth  is  boiled  in  a  weak  alkaline  bath,  washed,  dried,  and  galled,  by  steeping  the  cotton 
in  a  decoction  of  bruised  galls  or  of  sumach.  After  drying,  it  is  twice  alumed ;  for  which 
purpose,  for  every  4  parts  of  the  goods,  one  part  of  alum  is  taken,  mixed  with  l-16th  of 
its  weight  of  chalk.  The  goods  are  dipped  into  a  warm  solution  of  the  alum,  wrung  out, 
dried,  and  alumed  afresh,  with  half  the  quantity.  The  acetate  of  alumina  mordant,  de- 
scribed above,  answers  much  better  than  common  alum  for  cotton.  After  the  goods  are 
dried  and  rinsed,  they  are  passed  through  the  dye-bath,  which  is  formed  of  |  lb.  of  good 
madder  for  every  pound  of  cotton  ;  and  it  is  raised  to  the  boiling  point  by  degrees,  in  the 
space  of  50  or  60  minutes.  Whenever  the  ebullition  has  continued  a  few  minutes,  the 
goods  must  be  removed,  washed  slightly,  and  dyed  a  second  time  in  the  same  way,  with 
as  much  madder.  They  are  then  washed  and  passed  through  a  warm  soap  bath,  which 
removes  the  dun  coloring  matter. 

Holterhofi"  prescribes  for  ordinai-y  madder  red  the  following  proportions : — 20  pounds 
of  cotton  yarn;  14  pounds  of  Dutch  madder;  3  pounds  of  nut-galls;  5  pounds  of  alum; 
to  which  5  lb.  of  acetate  of  lead  has  been  first  added,  and  then  a  quarter  of  a  pound  of 
chalk. 

In  the  calico-print  works  the  madder  goods  are  passed  through  a  bran  bath  first,  im- 
mediately after  dyeing ;  next,  after  several  days  exposure  to  the  air,  when  the  dun  dye  has 
become  oxydized,  and  is  more  easily  removed.  An  addition  of  chalk,  on  the  principles 
explained  above,  is  sometimes  useful  in  the  madder  bath.  If  bran  be  added  to  the  madder 
bath,  the  color  becomes  much  lighter,  and  of  an  agreeable  shade.  Sometimes  bran-water 
is  added  to  the  madder  bath,  instead  of  bran. 

Mrianople  or  Turkey  red. — This  is  the  most  complicated  and  tedious  operation  in  the 
art  of  dyeing ;  but  it  produces  the  fastest  color  which  is  known.  This  dye  was  discover- 
ed in  India,  and  remained  long  a  process  peculiar  to  that  country.  It  was  afterwards 
practised  in  other  parts  of  Asia  and  in  Greece.  In  1747,  Ferquet  and  Goudard  brought 
Greek  dyers  into  France,  and  mounted  near  Rouen,  and  in  Languedoc,  Turkey-red 
(lye  works.  In  1765,  the  French  government,  convinced  of  the  importance  of  this 
business,  caused  the  processes  to  be  published.  In  1808,  Reber,  at  Mariakirch,  furnish- 
ed the  finest  yarn  of  this  dye,  and  M.  Kochlin  became  celebrated  for  his  Turkey-red 
cloth. 

Process  for  Turkey-red. — The  first  step  consists  in  clearing  the  yarn  or  cloth  in  alka- 
line baths,  and  dipping  them  in  oily  liquors,  to  which  sheep's  dung  was  formerly  added. 
This  operation  is  repeated  several  times,  the  goods  being  dried  after  each  immersion. 
There  next  follows  the  cleansing  with  alkaline  liquors  to  remove  the  excess  of  oil,  the 
gallins:,  the  alumins,  the  maddering,  the  brightening  or  removing  the  dun  part  of  the  dye 
by  boiling,  at  a  high  temperature,  with  alkaline  liquid,  and  the  rosing  by  boiling  in  a  bath 
o-f  salt  of  tin.  We  shall  give  some  details  concerning  this  tedious  manipulation,  and 
ihe  differences  which  exist  in  it  in  the  principal  dye-works. 

At  Rouen,  where  the  process  was  first  brought  to  perfection,  two  methods  ai'e  pursued, 
called  the  gray  and  the  yellow  course  or  march.  In  the  gray,  the  dye  is  given  immediately 
after  the  cotton  has  received  the  oily  mordant,  the  gall,  and  the  alum,  as  it  has  then  a 
gray  color.  In  the  yellow  course,  it  is  passed  through  fresh  oils,  alum,  and  galls  before 
the  maddering,  the  cotton  having  then  a  yellow  tint. 

Different  views  have  been  taken  of  the  principles  of  the  Turkey-red  dye,  and  the  ob- 
ject and  utility  of  the  various  steps.  The  most  ancient  notion  is  that  of  animalizing 
the  cotton  by  dung  and  blood,  but  experience  has  proved  that  without  any  animal  matter 
the  finest  color  may  be  obtained.  According  to  Dingier,  the  cotton  is  imbued  with  oil  by 
steeping  it  in  combinations  of  oil  and  soda  ;  the  oil  is  altered  by  repeated  dryings  at  a  high 
temperature ;  it  attracts  oxygen  from  the  air,  and  thereby  combines  intimately  with  the 
cotton  fibre,  so  as  to  increase  the  weight  of  the  stufi.  The  dung,  by  a  kind  of  fermenta- 
tion, accelerates  the  oxydizement,  and  hence  crude  oil  is  preferable  to  pure.  In  England, 
the  mucilaginous  oils  of  Gallipoli  are  preferred,  and  in  Malabar,  oils  more  or  less 
rancid.  The  drying  oils  do  not  answer.  The  subsequent  treatment  with  the  alkaline 
liquors  removes  the  excess  of  oil,  which  has  not  been  oxydized  and  combined  ;  a  hard 
drying  completely  changes  that  which  remains  in  the  fibres ;  the  aluming  which  follows 
combines  alumina  with  the  cotton ;  the  galling  tans  the  fibres,  producing  a  triple  com- 
pound of  oil  and  alum,  which  fixes  the  coloring  matter.  The  object  of  the  other  steps 
is  obvious. 

According  to  Wuttich,  the  treatment  with  oil  opens  the  cotton  so  as  to  admit  the  mor- 
dant and  the  coloring  matter,  btit  the  oil  and  soap  do  not  combine  with  the  fibres, 
in  the  alkaline  baths  which  follow,  the  oil  is  transformed  into  soap  and  removed; 
whence  the  cotton  should  not  increase  in  weight  in  the  galling  and  aluming :  the  cotton 
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suflers  a  kind  of  tanning,  and  the  saline  parts  of  the  blood  assist  in  fixing  the  madder 
dye. 

The  Gennan  process  ijnproved,  according  to  Dingier,  consists  of  the  following  opera- 
tions :  mordant  of  an  oily  soap  or  a  soapy  liniment,  hard  drying;  alkaline  bath,  drying, 
steeping,  rinsing  away  of  the  uncombined  mordant,  drying ;  galling,  drying ;  aluming, 
drying,  steeping  in  water  containing  chalk,  rinsing ;  maddering,  airing,  rinsing  ;  bright- 
ening with  an  alkaline  boil,  and  afterwards  in  a  bath  containing  salt  of  tin  ;  then  wash- 
ing and  drying. 

The  yarn  or  the  cloth  must  be  first  well  worked  in  a  bath  of  sheep's  dung  and  oil,  com- 
pounded as  follows  : — 25  pounds  of  sheep's  dung  are  to  be  bruised  in  a  solution  of 
pure  caustic  potash  of  hydrometer  strength  3°,  and  the  mixed  liquor  is  to  be  passed 
through  a  sieve.  Two  pounds  of  fine  oil  are  now  to  be  poured  into  16  pounds  of  his  ley. 
after  which  30  pounds  of  coarse  oil  are  to  be  added,  with  agitation  for  f  of  an  hour. 
Other  4  pounds  of  hot  ley  are  to  be  well  stirred  in,  till  the  whole  is  homogeneous.  This 
proportion  of  mordant  is  sufficient  for  100  pounds  of  cotton  yarn,  for  90  pounds  of  un- 
bleached or  100  pounds  of  bleached  cotton  goods.  The  cotton  stuff,  after  being  well 
wrung  out,  is  to  be  laid  in  a  chest  and  covered  with  a  lid  loaded  with  weights,  in  which 
state  it  should  remain  for  five  days.  At  the  end  of  24  hours,  the  cotton  becomes  hot  with 
fermentation,  gets  imbued  with  the  mordant,  and  the  oil  becomes  rapidly  altered.  The 
goods  are  next  exposed  freely  to  the  air  during  the  day,  and  in  the  evening  they  are  dried 
in  a  hot  chamber,  exposed  to  a  temperature  of  158°  F.,  for  6  or  8  hours,  which  promotes 
the  oxydizement  of  the  oil. 

The  goods  are  now  passed  the  second  time  through  a  soapy-oil  mordant  similar  to  the 
first,  then  dried  in  the  air  by  day,  and  in  the  hot  stove  by  night.  The  third  and  fourth 
oil-soap  steeps  are  given  in  the  same  way,  but  without  the  dung.  The  fifth  steep  is  com- 
posed of  a  ley  at  2°,  after  which  the  goods  must  also  be  dried.  Indeed,  from  the  first  to 
the  fourth  steep,  the  cotton  stuff  should  be  put  each  time  into  a  chamber  heated  to  145° 
F.  for  12  or  15  hours,  and  during  18  hours  after  the  fifth  steep. 

The  uncombined  oil  must,  in  the  next  place,  be  withdrawn  by  the  de^raissage,  which 
consists  in  steeping  the  goods  for  6  hours  in  a  very  weali  alkaline  ley.  Afler  rinsing  and 
wringing,  they  are  dried  in  the  air,  and  then  put  into  the  hot  stove. 

The  goods  are  now  galled  in  a  bath  formed  of  36  pounds  of  Sicilian  sumach,  boiled  for 
3  hours  in  260  pounds  of  water,  and  filtered.  The  residuum  is  treated  with  190  fresh 
pounds  of  water.  This  decoction  is  heated  with  12  pounds  of  pounded  nut-galls  to  the 
boiling  point,  allowed  to  cool  during  the  night,  and  used  next  morning  as  hot  as  the  hand 
can  bear ;  the  goods  being  well  worked  through  it.  They  are  again  dried  in  the  air,  and 
afterwards  placed  in  a  stove  moderately  heated.  They  are  next  passed  through  a  tepid 
alum  bath,  containing  a  little  chalk  ;  left  afterwards  in  a  heap  during  the  night,  dried  in 
the  air,  and  next  in  the  stove.  The  dry  goods  are  finally  passed  through  hot  water  con- 
taining a  little  chalk,  wrung  out,  rinsed,  and  then  maddered. 

For  dyeing,  the  copper  is  filled  with  water,  the  fire  is  kindled,  and  an  ounce  and  a 
half  of  chalk  is  added  for  every  pound  of  madder ;  a  pound  and  a  quarter  of  madder 
being  taken  for  every  pound  of  cotton  yarn.  The  goods  are  now  passed  through  the  bath, 
so  that  they  penetrate  to  near  its  bottom.  The  fire  must  be  so  regulated,  that  the  copper 
will  begin  to  boil  in  the  course  of  from  21  to  3  hours ;  and  the  ebullition  must  be 
continued  for  an  hour ;  after  which  the  yarn  is  aired  and  rinsed.  Cloth  should  be  put 
into  the  dye-bath  when  its  temperature  is  77°  and  winced  at  a  heat  of  from  100°  to 
122°  during  the  first  hour ;  at  167°  during  the  second;  and  at  the  boiling  point  when  the 
third  hour  begins.  It  is  to  be  kept  boiling  for  half  an  hour ;  so  that  the  maddering 
lasts  four  hours.  Dingier  does  not  add  sumach  or  galls  to  the  madder  bath,  because 
their  effect  is  destroyed  in  the  subsequent  brightening,  and  he  has  no  faith  in  the  utility 
of  blood. 

After  being  dyed,  the  goods  are  washed,  pressed,  and  subjected  to  a  soapy  alkaline  bath 
at  a  high  heat,  in  a  close  boiler,  by  which  the  dun  parts  of  the  galls  and  the  madder  are 
dissolved  away,  and  the  red  color  remains  in  all  its  lustre.  This  operation  is  called 
brightening.  It  is  repeated  in  a  similar  liquor,  to  which  some  muriate  of  tin  is  added  for 
the  purpose  of  enlivening  the  color  and  giving  it  a  rosy  tint.  Last  of  all,  the  goods  are 
rinsed,  and  dried  in  the  shade. 

The  Elberfeld  process  consists  for  100  lbs.  of  the  following  steps  : — 

1.  Cleaning  the  cotton  by  boiling  it  for  four  hours  in  a  weak  alkaline  bath,  cooling  and 
rinsing. 

2.  Working  it  thoroughly  four  times  over  in  a  steep,  consisting  of  300  pounds  of  water 
15  pounds  of  potash,  1  pailful  of  sheep's  dung,  and  ]2|  pounds  of  olive  oil,  in  which  it 
should  remain  during  the  night.  Next  day  it  is  drained  for  an  hour,  wrung  out  and  dried. 
This  treatment  with  the  dung  steep,  and  drying,  is  repeated  3  times. 

3.  It  is  now  worked  in  a  bath  containing  120  quarts  of  water,  18  pounds  of  potasli, 
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and  6  quarts  of  olive  oil ;  then  wrung  out  and  dried.     This  steep  is  also  repeated  4 
times. 

4.  Steeping  for  a  night  in  the  river  is  the  next  process  ;  a  slight  rinsing  without  wring- 
ing, and  drying  in  the  air. 

5.  Bath  made  of  a  warm  decoction  (100°  F.)  of  sumach  and  nut-galls,  in  which  the 
goods  remain  during  the  night ;  they  are  then  strongly  wrung,  and  dried  in  the  air. 

6.  Aluming  with  addition  of  potash  and  chalk ;  wringing ;  working  it  well  through 
this  bath,  where  it  is  left  during  the  night. 

7.  Draining,  and  strong  rinsing  the  following  day;  piling  up  in  a  water  cistern. 

8.  Rinsing  repeated  next  day,  and  steeping  in  water  to  remove  any  excess  of  alum 
from  the  fibres ;  the  goods  continue  in  the  water  till  they  are  taken  to  the  dyeing-bath. 

9.  The  maddering  is  made  with  the  addition  of  blood,  sumach,  and  nut-galls ;  the  bath 
is  brought  to  the  boil  in  1  hour  and  |,  and  kept  boiling  for  half  an  hour. 

10.  The  yarn  is  rinsed,  dried,  boiled  from  24  to  36  hours  in  a  covered  copper,  with  an 
oily  alkaline  liquid ;  then  rinsed  twic'e,  laid  for  two  days  in  clear  water,  and  dried. 

11.  Finally,  the  greatest  brightness  is  obtained  by  boiling  for  three  or  four  hours  in  a 
soap  bath,  containing  muriate  of  tin ;  after  which  the  yarn  is  rinsed  twice  over,  steeped 
in  water,  and  dried. 

Process  of  Haussmann. — He  treats  cotton  twice  or  4  times  in  a  solution  of  aluminated 
potash,  mixed  with  one  thirty-eighth  part  of  linseed  oil.  The  solution  is  made  by  adding 
caustic  potash  to  alum.  He  dries  and  rinses  each  time,  and  dries  after  the  last  operation. 
He  then  rinses  and  proceeds  to  the  madder  bath.  For  the  rose  color,  he  takes  one  pound 
of  madder  for  one  pound  of  cotton  ;  for  carmine  red,  he  takes  from  2  to  3  pounds ;  and 
for  the  deepest  red,  no  less  than  4  pounds.  It  is  said  that  the  color  thus  obtained  sur- 
passes Turkey  red. 

The  French  process,  by  Vitalis  of  Rouen. — First  operation.  Scouring  with  a  soda 
ley,  of  1°  Baume,  to  which  there  is  usually  added  the  remainder  of  the  white  prepara- 
tion bath,  which  consists  of  oil  and  soda  with  water.  It  is  then  washed,  wrung  out,  and 
dried. 

In  the  second  operation,  he  states  that  from  25  to  30  pounds  of  sheep's  dung  are 
commonly  used  for  100  pounds  of  cotton  yarn.  The  dung  is  first  steeped  for  some  days 
in  a  ley  of  soda,  of  8°  to  10°  B.  This  is  afterwards  diluted  with  about  500  pints  of  a 
weaker  ley,  and  at  the  same  time  bruised  with  the  hand  in  a  copper  basin  whose  bottom 
is  pierced  with  small  holes.  The  liquor  is  then  poured  into  a  vat  containing  5  or  6 
pounds  of  fat  oil  (Gallipoli),  and  the  whole  are  well  mixed.  The  cotton  is  washed  in 
this,  and  the  hanks  of  yarn  are  then  stretched  on  perches  in  the  open  air,  and  turned  from 
time  to  time,  so  as  to  make  it  dry  equably.  After  receiving  thus  a  certain  degree  of  de- 
siccation, it  is  carried  into  the  drying  house,  which  is  heated  to  50°  Reaumur  (144° 
Fahrenheit),  where  it  loses  the  remainder  of  its  moisture,  which  would  have  prevented 
it  from  combining  with  the  other  mordants  which  it  is  afterwards  to  receive.  What  is 
left  of  the  bath  is  called  avances,  and  is  added  to  the  following  bath.  Two,  or  even  three 
dung  baths  are  given  to  the  cotton,  when  it  is  wished  to  have  very  rich  colors.  When 
the  cotton  has  received  the  dung  baths,  care  must  be  taken  not  to  leave  it  lying  in  heaps 
for  any  length  of  time,  lest  it  should  take  fire;  an  accident  which  has  occasionally 
happened. 

The  white  bath  is  prepared  by  pouring  6  pounds  of  fat  oil  into  50  pints  of  soda  water, 
at  1°  or  sometimes  less,  accoi'ding  as,  by  a  preliminaiy  trial,  the  oil  requires.  This  bath 
ought  to  be  repeated  two,  three,  or  even  a  greater  number  of  times,  as  more  or  less  body 
is  to  be  given  to  the  color. 

To  what  remains  of  the  white  bath,  and  which  is  also  styled  avances,  about  100  pints 
of  soda  ley  of  two  or  three  degrees  are  added.  Through  this  the  cotton  is  passed  as 
usual.  Formerly  it  was  the  practice  to  give  two,  or  three,  or  even  four  oils.  Now,  two 
are  found  to  be  sufficient. 

The  cotton  is  steeped  for  five  or  six  hours  in  a  tepid  solution  of  soda,  of  1°  at  most ; 
it  is  set  to  drain,  is  then  sprinkled  with  water,  and  at  the  end  of  an  hour  is  washed,  hank 
by  hank,  to  purge  it  entirely  from  the  oil.  What  remains  of  the  water  of  degraissage, 
serves  for  the  scouring  or  first  operation. 

For  100  pounds  of  cotton,  from  20  to  25  pounds  of  galls  in  sorts  must  be  taken,  which 
are  bruised  and  boiled  in  about  100  pints  of  water,  till  they  crumble  easily  between  the 
fingers.  The  galling  may  be  done  at  two  operations,  dividing  the  above  quantity  of  galls 
between  them,  which  is  thought  to  give  a  richer  and  more  uniform  color. 

The  aluming  of  100  pounds  of  cotton  requires  from  twenty-five  to  thirty  pounds 
of  pure  alum,  that  is,  alum  entirely  free  from  ferruginous  salts.  The  alum  should 
be  dissolved  without  boiling,  in  about  100  pints  of  river  or  rain  water.  When  the 
alum  is  dissolved,  there  is  to  be  poured  in  a  solution  of  soda,  made  with  the  sixteenth 
part  of  the  weight  of  the  alum.  A  second  portion  of  the  alkaline  solution  must  not 
be  poured  in  till  the  effervescence  caused  by  the  first  portion  has  entirely  ceased — and 
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so  in  succession.  The  bath  of  saturated  alum  being  merely  tepid,  the  cotton  is  passed 
through  it,  as  in  the  gall  bath,  so  as  to  impregnate  it  well,  and  it  is  dried  with  the  pre- 
cautions recommended  above.  The  dyers  who  gaU  at  two  times,  alum  also  twice,  for 
like  reasons. 

For  25  pounds  of  cotton,  25  pints  of  blood  are  prescribed,  and  400  pints  of  water. 
Whenever  the  bath  begins  to  warm,  50  pounds  of  madder  are  diffused  through  the 
bath  :  though  sometimes  the  maddering  is  given  at  two  operations,  by  dividing  the  mad- 
der into  two  portions. 

The  brightening  bath  is  prepared  always  for  100  pounds  of  cotton,  with  from  four  to 
five  pounds  of  rich  oil,  sbc  pounds  of  Marseilles  white  soap,  and  600  litres  of  soda  water 
of2°B. 

The  rosing  is  given  with  solution  of  tin,  mixed  with  soap  water. 

The  Turkey-red  dye  cf  Messrs.  Monteith  and  Co.,  of  Glasgow,  is  celebrated  all  ovei 
the  world,  and  merits  a  brief  description  here. 

The  calico  is  taken  as  it  comes  from  the  loom  without  bleaching,  for  the  natural  coloi 
of  the  cotton  wool  harmonizes  well  with  the  dye  about  to  be  given;  it  is  subjected  to  a 
fermentative  steep  for  24  hours,  like  that  preliminary  to  bleaching,  after  which  it  is  wash- 
ed at  the  dash  wheel.  It  is  then  boiled  in  a  ley,  containing  about  1  pound  of  soda  crys- 
tals for  12  pounds  of  cloth.  The  oiling  process  now  begins.  A  bath  is  made  with  10 
gallons  of  Gallipoli  oil,  15  gallon  measures  of  sheep's  dung  not  indurated  ;  40  gallons  of 
solution  of  soda  crystals,  of  1-06  specific  gravity  ;  10  gallons  of  solution  of  pearl-ash  of 
spec.  grav.  1-04;  and  140  gallons  of  water;  constituting  a  milk-white,  soapy  solution  of 
about  spec.  grav.  1-022.  This  liquor  is  put  into  a  large  cylindrical  vat,  and  constantly 
agitated  by  the  rotation  of  wooden  vanes,  which  are  best  constructed  on  the  plan  of  the 
mashing  apparatus  of  a  brewery,  but  far  slighter.  This  saponaceous  compound  is  let  off 
as  wanted  by  a  stopcock  into  the  trough  of  a  padding  machine,  in  order  to  imbue  every 
fibre  of  the  cloth  in  its  passage.  This  impregnation  is  still  more  fully  ensured  by  laying 
the  padded  cloth  aside  in  wooden  troughs  during  16  or  18  days.  The  sheep's  dung  has 
been  of  late  years  disused  by  many  Turkey-red  dyers,  both  in  England  and  France,  but  it 
is  found  to  be  advantageous  in  producing  the  very  superior  color  of  the  Glasgow  estab- 
lishment. It  is  supposed,  also,  to  promote  the  subsequent  bleaching  durin?  the  exposure 
on  the  green ;  which  is  the  next  process  in  favorable  weather,  but  in  bad  weather  the 
goods  are  dried  over  a  hot-flue. 

The  cloth  is  padded  again  with  the  saponaceous  liquor ;  and  again  spread  on  the  grass, 
or  dried  hard  in  the  stove.  This  alternation  is  repeated  a  thiid  time,  and  occasionally, 
even  a  fourth. 

The  cloth  by  this  time  is  varnished  as  it  were  with  oil,  and  must  be  cleansed  in  a  cei  - 
tain  degree  by  being  passed  through  a  weak  solution  of  pearl-ash,  at  the  temperature  of 
about  122"^  F.     It  is  then  squeezed  by  the  rollers  and  dried. 

A  second  system  of  oiling  now  commences,  with  the  following  liquor : — 10  gallons 
of  Gallipoli  oil ;  30  gallons  of  soda  crystals  ley,  of  spec.  grav.  1-06  ;  and  10  gallons  of 
caustic  potash  ley,  of  specific  gravity  1-04,  thoroughly  diffused  through  170  gallons  of 
water.  With  this  saponaceous  liquor  the  cloth  is  padded  as  before,  and  then  passed  be- 
tween squeezing-roUers,  which  return  the  superfluous  liquor  into  the  padding-trough. 
The  cloth  may  be  now  laid  on  the  grass  if  convenient ;  but  at  any  rate  it  must  be  hard 
dried  in  the  stove. 

These  saponifying,  grassing,  and  di7ing  processes,  are  repeated  three  times ;  whereby 
the  cloth  becomes  once  more  very'  oleaginous,  and  must  be  cleansed  again  by  steeping 
in  a  compound  ley  of  soda  crystals  and  pearl-ash  of  the  spec.  grav.  1"012,  at  the  tempera- 
ture of  122°.  The  cloth  is  taken  out,  squeezed  between  rollers  to  save  the  liquor,  and 
washed.  A  considerable  portion  of  the  mingled  alkalis  disappear  in  this  operation,  as  if 
they  entered  into  combination  with  the  oil  in  the  interior  of  the  cotton  filaments.  The 
cloth  is  now  hard  dried. 

Galling  is  the  next  great  step  in  the  Turkey-red  preparation ;  and  for  its  success  all  the 
oil  should  have  been  perfectly  saponified. 

From  18  to  20  pounds  of  Aleppo  galls  (for  each  100  lbs.  of  cloth)  are  to  be  bruised 
and  boiled  for  3  or  4  hours,  in  25  gallons  of  water,  till  5  gallons  be  evaporated ;  and 
the  decoction  is  to  be  then  passed  through  a  scarce.  Two  pounds  of  sumach  may  be 
substituted  for  every  pound  of  galls.  The  goods  must  be  well  padded  with  this  decoction, 
kept  at  90°  F.,  passed  through  squeezing-rollers,  and  dried.  They  are  then  passed  through 
a  solution  of  alum  of  the  spec.  grav.  1'04,  to  which  a  certain  portion  of  chalk  is  added  to 
saturate  the  acid  excess  of  that  supersalt ;  and  in  this  cretaceous  mixture,  heated  to  110°, 
the  cloth  is  winced  and  steeped  for  12  hours.  It  is  then  passed  between  squeezing-rollers, 
and  dried  in  the  stove. 

The  maddering  comes  next. 

From  two  to  three  pounds  of  madder,  ground  to  powder  in  a  proper  mill,  are  taken 
for  every  pound  of  cloth.     The  cloth,  as  usual  in  maddering,  is  entered  into  the  cold 
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bath,  and  winced  by  the  automatic  reel  during  one  hour  that  the  bath  takes  to  boil,  and 
during  an  ebullition  of  two  hours  afterwards.  One  gallon  of  bullock's  bleed  is  added  to 
the  cold  bath  for  every  25  pounds  of  cloth  ;  being  the  quantity  operated  upon  in  one  bath. 
The  utility  of  the  blood  in  improving  the  color  has  been  ascribed  to  its  coloring  particles; 
but  it  is  more  probably  owing  to  its  albuminous  matter  combining  with  the  margarates  of 
soda  and  potash  condensed  in  the  fibres. 

As  madder  contains  a  dingy  brown  coloring  matter  associated  with  the  fine  red,  the 
goods  must  be  subjected  to  a  clearing  process  to  remove  the  former  tinge,  which  is  more 
fugitive  than  the  latter.  Every  hundred  pounds  of  cloth  are  therefore  boiled  during  12 
hours  at  least,  with  water  containing  5  pounds  of  soda  crystals,  8  pounds  of  soap,  and 
16  gallons  of  the  residual  pearl-ash  and  soda  ley  of  the  last  cleansing  operation.  By  this 
powerful  means  the  dun  matter  is  well  nigh  removed ;  but  it  is  com])letely  so  by  a  second 
boil,  at  a  heat  of  250°  F.,  in  a  tight  globular  copper,  along  with  5  pounds  of  soap,  and  1 
pound  of  muriate  of  tin  crystals,  dissolved  in  a  sufficient  body  of  water  for  100  pounds 
of  cloth.  The  muriate  of  tin  serves  to  raise  the  madder  red  to  a  scarlet  hue.  A  mar-_ 
garate  of  tin  is  probably  fixed  upon  the  cloth  in  this  operation. 

When  the  weather  permits,  the  goods  should  be  now  laid  out  for  a  few  days  on  the 
grass.  Some  manufacturers  give  them  a  final  brightening  with  a  weak  bath  of  a  chloride 
of  lime ;  but  it  is  apt  to  impoverish  the  color. 

According  to  the  latest  improvements  of  the  French  dyers,  each  of  the  four  processes 
of  oiling,  mordanting,  dyeing,  and  brightening  diflers,  in  some  respects,  from  the 
above. 

1.  Theii-  first  step  is  boiling  the  cloth  for  four  hours,  in  water  containing  one  pound  of 
soap  for  every  four  pieces.  Their  saponaceous  bath  of  a  creamy  aspect  is  used  at  a  tem- 
perature of  75°  F. ;  and  it  is  applied  by  the  padding  machine  6  times,  Avith  tlie  grassing 
and  drying  alternations.  In  winter,  when  the  goods  cannot  be  exposed  on  the  grass,  no 
less  than  12  alternations  of  the  saponaceous  or  white  bath  are  employed,  and  8  in  spring. 
They  consider  the  action  of  the  sun-beams  to  aid  greatly  in  brightening  this  dye ;  but  at 
midsummer,  if  it  be  continued  more  than  4  hours,  the  scarlet  color  produced  begins  to  be 
impaired. 

They  conceive  that  the  oiling  operation  impregnates  the  fibres  with  super-margarate  of 
potash  or  soda,  insoluble  salts  which  attract  and  condense  the  alumina,  and  the  red  color- 
ing particles  of  the  madder,  so  firmly  that  they  can  resist  the  clearing  boil. 

2.  Their  second  step,  the  mordanting,  consists  first  in  padding  the  pieces  through  a  de- 
coction of  galls  mixed  with  a  solution  of  an  equal  weight  of  alum ;  and  after  drying  in 
the  hot-flue,  &c.,  again  padding  them  in  a  solution  of  an  acetate  of  alumina,  made  by 
decomposing  a  solution  of  16  lbs.  of  alum  with  16  lbs.  of  acetate  of  lead,  for  6  pieces  of 
cloth,  each  32  mines  long. 

3.  The  maddering  is  given  at  two  successive  operations ;  with  4  pounds  of  Avignon 
madder  per  piece  at  each  time. 

4.  The  brightening  is  performed  by  a  12  hours'  boil  in  water  with  soda  crystals,  soap, 
and  salt  of  tin  ;  and  the  rosing  by  a  10  hours'  boil  with  soap  and  salt  of  tin.  Occasion- 
ally, the  goods  are  passed  through  a  weak  solution  of  chloride  of  potash.  When  the  red 
has  too  much  of  a  crimson  cast,  the  pieces  are  exposed  for  two  days  on  the  grass,  which 
gives  them  a  bright  scarlet  tint. 

Process  of  M.  Werdet  to  dye  broadcloth  and  wool  by  madder  : — 

"  Preparation  for  24  pounds  of  scoured  wool : 

"Take  4j  pounds  of  cream  of  tartar,  4j  pounds  of  pure  alum;  boil  the  wool  gently 
for  2  hours,  transfer  it  into  a  cool  place,  and  wash  it  next  day  in  clear  water. 

"Dyeing. — 12  pounds  of  Avignon  madder,  infused  half  an  hour  at  30°  R.  (100°  F.) 
Put  into  the  bath  1  pound  of  muriate  of  tin,  let  the  color  rose  for  three  quarters  of  an 
hour  at  the  same  heat,  and  drain  or  squeeze  the  madder  through  canvass.  The  whole  of 
the  red  dye  will  remain  upon  the  filter,  but  the  water  which  has  passed  through  will  be 
as  deep  a  yellow  as  a  weld  bath.  The  boiler  with  the  dye  must  now  be  filled  up  with 
clear  river  water,  and  heated  to  100°  F.  Two  ounces  of  the  solution  of  the  tartar  and 
alum  must  be  poured  into  it,  and  the  wool  must  be  turned  over  in  it  for  an  hour  and  a 
half,  while  the  heat  is  gradually  raised  to  the  boiling  point.  The  wool  is  then  removed 
and  washed.     It  must  be  rosed  the  following  day. 

"  Rosing. — Dissolve  in  hot  water  1  pound  of  white  Marseilles  soap  ;  let  the  bath  cool, 
and  pass  the  wool  through  it  till  it  has  acquired  the  desired  shade;  15  or  20  minutes  are 
sufiScient.     On  coming  out  of  this  bath  it  should  be  washed. 

"  Solution  of  deuto-muriate  of  tin  : — 

"  2  ounces  of  pure  muriatic  acid  ;  4  drachms  of  pure  nitric  acid  ;  1  ounce  of  distilled 
water.  Dissolve  in  it,  by  smaU  portions  at  a  time,  2  drachms  of  grain  tin,  in  a  large 
bottle  of  white  glass,  shutting  it  after  putting  in  the  tin.  This  solution  may  be  preserved 
for  years,  without  losing  its  virtue." 

I  have  inserted  this  process,  as  recently  recommended  by  the  French  mmister  of  com- 
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merce,  and  published  by  M .  Pouillet  m  vol.  i.  of  his  Portefeuille  Industriel,  to  show  what 
official  importance  is  sometimes  given  by  our  neighbors  to  the  most  frivolous  things. 

Madders  imported  for  home  consumption.  Gross  amount  of  Duty  paid  in 

1836.  1837.  1836.  1837, 

Cwts.  106,172  I      cwts.  79,228  |  £10,810      |  £8.081 

MADREPORES  are  calcareous  incrustations  produced  by  polypi  contained  in  cells  of 
greater  or  less  depth,  placed  at  the  surface  of  calcareous  ramifications,  which  are  fixed  at 
their  base,  and  perforated  with  a  great  many  pores.  The  mode  of  the  increase,  repro- 
duction, and  death  of  these  animals  is  still  unknown  to  naturalists.  Living  madrepores 
are  now-a-days  to  be  observed  only  in  the  South  American,  the  Indian,  and  the  Red  seas; 
but  although  their  polypi  are  not  found  in  our  climate  at  present,  there  can  be  no  doubt 
of  their  having  existed  in  these  northern  latitudes  in  former  times,  since  fossil  madrepores 
occur  in  both  the  older  and  newer  secondary  strata  of  Europe. 

MAGISTERY  is  an  old  chemical  term  to  designate  white  pulverulent  substances, 
spontaneously  precipitated  in  making  certain  metallic  solutions ;  as  magistery  of 
bismuth. 

MAGISTRAL,  in  the  language  of  the  Spanish  smelters  of  Mexico  and  South 
America,  is  the  roasted  and  pulverized  copper  pyrites,  which  is  added  to  the  ground 
ores  of  silver  in  their  patio,  or  amalgamation  magma,  for  the  purpose  of  decomposing 
the  horn  silver  present.  See  Silver,  for  an  account  of  this  curious  process  of 
reduction. 

MAGMA  is  the  generic  name  of  any  crude  mixture  of  mineral  or  organic  matters,  in 
a  thin  pasty  state. 

MAGNANIER  is  the  name  given  in  the  southern  departments  of  France  to  the  pro- 
prietor of  a  nursery  in  which  silk -worms  are  reared  upon  the  great  scale,  or  to  the  manager 
of  the  establishment.  The  word  is  derived  from  magnans,  which  signifies  silk-worms  in 
the  lansuase  of  the  country  people.     See  Silk. 

MAGNESIA  (Eng..  and  Fr. ;  Bittererde,  Talkerde,  Germ.)  is  one  of  the  primitive 
earths,  first  proved  by  Sir  H.  Davy  to  be  the  oxyde  of  a  metal,  which  he  called  mag- 
nesium. It  is  a  fine,  light,  white  powder,  Avithout  taste  or  smell,  which  requires  5150 
parts  of  cold  water  and  no  less  than  36,000  parts  of  boiling  water  for  its  solution.  Its 
specific  gravity  is  2-3.  It  is  fusible  only  by  the  heat  of  the  hydroxygen  blowpipe.  A 
natural  hydrate  is  said  to  exist  which  contains  30  per  cent,  of  water.  Magnesia  changes 
the  purple  infusion  of  red  cabbage  to  a  bright  green.  It  attracts  carbonic  acid  from  the 
air,  but  much  more  slowly  than  quicklime.  It  consists  of  61-21  parts  of  metallic  basis, 
and  38-79  of  oxygen ;  and  has,  therefore,  20  for  its  prime  equivalent  upon  the  hydrogen 
scale.  Its  only  employment  in  the  arts  is  for  the  purification  of  fine  oil,  in  the  prepara- 
tion of  varnish. 

Magnesia  may  be  obtained  by  precipitation  with  potash  or  soda,  from  its  sulphate, 
commonly  called  Epsom  salt ;  but  it  is  usually  procured  by  calcining  the  artificial  or 
natural  carbonate.  The  former  is,  properly  speaking,  a  subcarbonate,  consisting  of  44-69 
magnesia,  35-86  carbonic  acid,  and  19-45  water.  It  is  prepared  by  adding  to  the  solution 
of  the  sulphate,  or  the  muriate  (the  bittern  of  sea-salt  evaporation  works),  a  solution  of 
carbonate  of  soda,  or  of  carbonate  of  ammonia  distilled  from  bones  in  iron  cylinders. 
The  sulphate  of  magnesia  is  generally  made  by  acting  upon  magnesian  limestone  with 
somewhat  dilute  sulphuric  acid.  The  sulphate  of  lime  precipitates,  while  the  sulphate 
of  magnesia  remains  in  solution,  and  may  be  made  to  crystallize  in  quadrangular  prisms, 
by  suitable  evaporation  and  slow  cooling.  Where  muriatic  acid  may  be  had  in  profusion 
for  the  trouble  of  collecting  it,  as  in  the  soda  works  in  which  sea  salt  is  decomposed  by 
sulphuric  acid,  the  magnesian  limestone  should  be  first  acted  upon  with  as  much  of  the 
former  acid  as  will  dissolve  out  the  lime,  and  then,  the  residuum  being  treated  with  the 
latter  acid,  will  aff"ord  a  sulphate  at  the  cheapest  possible  rate  ;  from  which  magnesia  and 
all  its  other  preparations  may  be  readily  made.  Or,  if  the  equivalent  quantity  of  calcined 
magnesian  limestone  be  boiled  for  some  time  in  bittern,  the  lime  of  the  former  will  dis- 
place the  magnesia  from  the  muriatic  acid  of  the  latter.  This  is  the  most  economical 
process  for  manufacturing  magnesia.  The  subcarbonate,  or  magnesia  alba  of  the  apoth- 
ecary, has  been  proposed  by  Mr.  E.  Davy  to  be  added  by  the  baker  to  damaged  flour,  to 
counteract  its  acescency. 

MAGNESIAN  LIMESTONE  (Dolomie,  Fr. ;  Bittertalk,  Talkspaih,  Germ.)  is  a  min- 
eral which  crystallizes  in  the  rhombohedral  system.  Spec.  grav.  2-86;  scratches  calc- 
spar ;  does  not  fall  spontaneously  into  powder,  when  calcined,  as  common  limestone  does. 
It  consists  of  1  prime  equivalent  of  carbonate  of  lime  —  50,  associated  with  1  of  carbon- 
ate of  magnesia  =  42. 

Massive  magnesian  limestone,  is  yellowish -brown,  cream  yellow,  and  yellowish-gray ; 
brittle.    It  dissolves  slowly  and  with  feeble  efiervescence  in  dilute  muriatic  acid ;  whence 
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it  IS  called  Calcaire  lent  dolomie  by  the  French  mineralogists.  Specific  gravity  2*6 
to  2-7. 

Near  Sunderland,  it  is  found  in  flexible  slabs.  The  principal  range  of  hills  com- 
posing this  geological  formation  in  England  extends  from  Sunderland  on  the  northeast 
coast  to  Nottingham,  and  its  beds  are  described  as  being  about  300  feet  thick  on  the  east 
of  the  coal  field  in  Derbyshire,  which  is  near  its  southern  extremity.  On  the  western 
side  of  the  Cumberland  mountains  magnesian  limestone  overlies  the  coal  measures  near 
Whitehaven.  The  stratification  of  this  rock  is  very  distinct,  the  individual  courses  of 
stone  not  exceeding  in  general  the  thickness  of  a  common  brick. 

The  lime  resulting  from  the  calcination  of  magnesian  limestone  appears  to  have  an 
injurious  action  on  vegetation,  unless  applied  in  quantities  considerably  less  than  com- 
mon lime,  when  it  is  found  to  fertilize  the  soil.  After  two  years,  its  hurtful  influence 
on  the  ground  seems  to  become  exhausted,  even  when  used  in  undue  quantity.  Great 
quantities  of  it  are  annually  brought  from  Sunderland  to  Scotland  by  the  Fifcshire 
farmers,  and  employed  beneficially  by  them  as  a  manure,  in  preference  to  other  kinds 
of  lime.  It  has  been  unfaiily  denounced,  by  Mr.  Tennent  and  Sir  H.  Davy,  as  a 
sterilizer. 

This  rock  is  used  in  many  places  for  building ;  indeed,  our  most  splendid  monument  of 
Gothic  architecture,  York  Minster,  is  constructed  of  magnesian  limestone. 

MAGNESIA,  NATIVE  (Bruciie ;  Guhr-inagnesien,  Fr. ;  Wasserlalk,  Germ.),  is  a 
white,  lamellar,  pearly-looking  mineral,  soft  to  the  touch.  Spec.  grav.  2-336;  tender; 
scratched  by  calc-spar  ;  aflbrding  water  by  calcination  ;  leaving  a  white  substance  which 
browns  turmeric  paper;  and,  by  calcination  with  nitrate  of  cobalt,  becoming  of  a 
lilach  hue.  It  consists  of  69-75  magnesia,  and  30*25  water.  It  occurs  in  veins  in  the 
serpentine  at  Hoboken,  in  New  Jersey,  as  also  at  Swinaness,  in  the  island  of  Unst, 
Shetland. 

MAGNESITE,  Giobertite  ;  native  carbonate  of  magnesia  occurs  in  white,  hard,  stony 
masses,  in  the  presidency  of  Madras,  and  in  a  few  other  localities.  It  dissolves  very 
slowly  in  muriatic  acid,  and  gives  out  carbonic  acid  in  the  proportion  of  22  parts  by 
weight  to  42  of  the  mineral,  according  to  my  experiments,  and  is  therefore  an  atomic  car- 
bonate. It  forms  an  excellent  and  beautiful  mortar  cement  for  terraces ;  a  purpose  to 
which  it  has  been  beneficially  applied  in  India  by  Dr.  Macleod. 

MAGNET,  NATIVE,  is  a  mineral  consisting  of  the  protoxyde  and  peroxyde  of  iron 
combined  in  equivalent  proportions.     See  Iron. 

MAHALEB.  The  fruit  of  this  shrnb  afl'ords  a  violet  dye,  as  well  as  a  fermented 
liquor  like  Kirschu-asser.     It  is  a  species  of  cherry  cultivated  in  our  gardens. 

MALACHITE,  or  momitain  green,  is  native  carbonate  of  copper  of  a  beautiful  green 
color,  with  variegated  radiations  and  zones;  spec.  grav.  3*5;  it  scratches  calc-spar,  but 
not  fluor ;  by  calcination  it  affords  water  and  turns  black.  Its  solution  in  the  acids  de- 
posites  copper  upon  a  plate  of  iron  plunged  into  it.  It  consists  of  carbonic  acid  18-5 ; 
deutoxyde  of  copper  72*2 ;  water  9-3. 

MALATES  are  saline  compounds  of  the  bases,  with 

MALIC  ACID.  (Jcide  malique,  Fr. ;  J epf el scmre,  Germ.)  This  acid  exists  in  the 
juices  of  many  fruits  and  plants,  alone,  or  associated  with  the  citric,  tartaric,  and  oxalic 
acids  ;  and  occasionally  combined  with  potash  or  lime.  Unripe  apples,  sloes,  barberries, 
the  berries  of  the  mountain  ash,  elder  berries,  currants,  gooseberries,  strawberries,  rasp- 
berries, bilberries,  brambleberries,  whortleberries,  cherries,  ananas,  afford  malic  acid; 
the  house-leek  and  purslane  contain  the  malate  of  lime. 

The  acid  may  be  obtained  most  conveniently  from  the  juice  of  the  berries  of  the  moun- 
tain ash,  or  barberries.  This  must  be  clarified,  by  mLxing  with  white  of  egg,  and  heating 
the  mixture  to  ebullition;  then  filtering,  digesting  the  clear  liquor  with  carbonate  of 
lead,  fill  it  becomes  neutral;  and  evaporating  the  saline  solution,  till  crystals  of  malate 
of  lead  be  obtained.  These  are  to  be  washed  with  cold  water,  and  purified  by  re-crys- 
tallization. On  dissolving  the  white  salt  in  water,  and  passing  a  stream  of  sulphureted 
hydroser  through  the  solution,  the  lead  will  be  all  separated  in  the  form  of  a  sulphuret, 
and  the  liquor,"after  filtration  and  evaporation,  will  yield  yellow  granular  crystals,  or 
cauliflower  concretions,  of  malic  acid,  which  may  be  blanched  by  re-dissolution  and 
digestion  with  bone-black,  and  re-crystallization. 

Malic  acid  has  no  smell,  but  a  very  sour  taste,  deliquesces  by  absorption  of  moisture 
from  the  air,  is  soluble  in  alcohol,  fuses  at  150°  Fahr.,  is  decomposed  at  a  heat  of  348°, 
and  aflxirds  by  distillation  a  peculiar  acid,  the  pyromalic.  It  consists  in  100  parts,  of 
41'47  carbon;  3-51  hydrogen;  and  55-02  oxygen;  having  nearly  the  same  composition 
as  citric  acid.  A  crude  malic  acid  might  be  economically  extracted  from  the  fruit  of  the 
mountain  ash,  applicable  to  many  purposes ;  but  it  has  not  hitherto  been  manufactured 
upon  the  sreat  scale. 

MALLEABILITY  is  the  property  belonging  to  certain  metals,  cf  being  extended  un- 
der the  hammer.     A  table  of  malleability  is  given  in  the  article  Ductility. 
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MALT  (Eng.  and  Fi". ;  Malz,  Germ.)  is  barley-corn,  which  has  been  subjected  to  an 
artificial  process  of  germination.     See  Beer. 

Table  of  the  Quantity  of  Malt  consumed  by  the  undermentioned  Brewers  of  London  and 
Vicinity,  from  October  10,  1836,  to  October  10,  1837. 


1 

Brewers. 

Qrs. 

Brewers. 

Qrs. 

Barclay  and  Co. 

100005 

Jones 

. 

956 

Hanbury  and  Co. 

82798 

Uiford  and  Oldershaw 

953 

Whitbread  and  Co. 

47012 

Blogs,  B.     - 

- 

943 

Reid  and  Co.  -            -            - 

13945 

ing  : 

. 

900 

Combe  and  Co. 

40366 

Keep 

- 

886 

Hoare  and  Co. 

32347 

Soulby 

- 

861 

Calvert  and  Co. 

32335 

Clarke,  R.   - 

. 

834 

Meux  and  Co. 

30575 

Jenner 

. 

833 

Elliot  and  Co. 

241.^4 

Manvell 

. 

824 

Taylor  and  Co. 

23556 

M'Leods 

- 

820 

Charrington  and  Co.    - 

18842 

Braithwaite 

_ 

799 

Thorne  and  Son 

16404 

Addison 

. 

768 

Gardner            .             -             - 

15256 

Turner 

_ 

766 

Ramsbottom  and  Co.   - 

15227 

Holt 

_ 

756 

J.  &  C.  Goding  (11  months)    - 

1 4023 

Church 

_ 

742 

Bricheno          -        .    - 

9863 

Clarke,  S.     - 

_ 

741 

Courage  and  Co.     '     - 

9284 

Mann,  Joel  - 

_ 

733 

Wood  and  Co. 

7834 

Turner 

„ 

712 

Godin?,  Thos. 

70M5 

ManteU 

_ 

693 

Hazard              .             -             - 

6674 

Lock 

_ 

651 

Mann,  Jas.       .             -             - 

6588 

Hood 

_ 

649 

Harris,  Thos.  -            -            - 

6042 

Pink,  A.       - 

_ 

636 

More  -            -            -            - 

6025 

Collins 

_ 

598 

M'Leod,  B.      - 

4"io 

Wright 

. 

588 

Farren  and  Till 

4783 

West 

_ 

565 

Manners  and  Co. 

4552 

Abbott 

„ 

560 

Hale,  Georse  -            -            - 

4547 

Hett  (6  months) 

. 

552 

Halford  and  Topham   - 

3786 

Wells 

. 

520 

Stains  and  Fox 

5783 

Higgs 

_ 

475 

Lamont  and  Co. 

3600 

Harris,  Robt. 

_ 

470 

Laxton              ... 

3583 

Woodward  - 

. 

462 

Richmond         .             .             - 

3174 

Wicks 

_ 

441 

Maynard 

3133 

Bell     - 

_ 

440 

M'Leod  and  Thompson 

2834 

Thompson  - 

. 

406 

Tubb   -            -            -            - 

2826 

Mattam 

_ 

400 

Johnson  and  Wyatt     - 

2809 

M'Intosh 

. 

397 

Du^gan  and  Co. 

2665 

Thurlby 

_ 

392 

Hodsson           ... 

2400 

Griffiths       - 

. 

391 

Sherborn  and  Co. 

2347 

Kay 

- 

360 

Griffith 

2221 

Tidman 

. 

332 

Cox,  John        .            -            - 

2151 

Lindsay 

. 

326 

Masterman      -            -            - 

1914 

Cooper 

. 

315 

Hill  and  Rice  - 

1853 

West 

_ 

306 

Gray  and  Dacre 

1760 

Carpenter    - 

. 

299 

Plimmer            .             -             - 

1747 

Green 

. 

292 

Hayward          .            -            - 

1737 

Chapman     - 

. 

286 

Verey,  W.  and  C.- 

1573 

Brace 

. 

266 

Williamson  and  Co.     - 

1566 

Clark 

- 

248 

Honeyball         .             .             _ 

1512 

Allen 

. 

245 

SatcheU  and  Son 

1441 

Powditch     - 

. 

23S 

Clarke,  C.        - 

1330 

Garnett 

„ 

232 

Colyer              ... 

1299 

Hill 

„ 

222 

Filmer  and  Wall 

1298 

Olley 

„ 

214 

Nicholls  and  Co. 

1240 

Ward 

„ 

206 

Hagan               -             -             - 

1143 

Bye 

. 

201 

Hume                .             _             _ 

1126 

Newton 

_ 

175 

Bucklev  and  Co. 

1025 

Chad  wick    - 

« 

169 

Verev.  J.          .             .             . 

1017 

Prosser 

. 

166 

Collins,  J.        - 

966 

Smith 

- 

164 

MALT  KILN. 
Table  of  the  Consumption  of  Malt. — Continued. 
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Brewers. 

Qrs. 

Brewers. 

Qrs. 

Edwards 

-             .             . 

156 

Whittaker    - 

75 

Pugh    - 

.             -             . 

155 

Begbie          .            -            - 

75 

Hainstock 

_             _            _ 

155 

Carter          ... 

75 

Lloyd  - 

... 

154 

Priddle 

74 

Reynolds 

... 

151 

Coomber      ... 

73 

Latham 

. 

142 

Stallwood     .            .            - 

71 

Meaton 

... 

140 

Jones            -            -            - 

71 

Brewer 

... 

135 

Rose             ... 

67 

Stirling 

... 

133 

Norris          ... 

67 

Ambler 

... 

130 

Remnant      ... 

62 

Potter  - 

. 

122 

Kearney       .            -            . 

62 

Champion 

. 

121 

Smith            -             - 

62 

Miller  - 

.             .             - 

115 

Woodroffe    -            -            - 

60 

Edwards 

... 

108 

Knight 

60 

Easton 

.             .             - 

105 

Graves         ... 

54 

Griffiths 

-             .             - 

105 

Sheppard      .            -            - 

52 

Hopkins 

.             .             - 

91 

Field 

51 

Hudson 

... 

90 

Bradfield      - 

51 

Thorpe 

... 

89 

Webb- 

50 

Burt     - 

. 

88 

Chapman     ... 

48 

Bowden 

-             .             - 

88 

Price            .            J            . 

45 

Batt     - 

... 

84 

Godfrey        :.            -            . 

45 

Phillips 

- 

83 

Hobbs 

32 

Jewit  - 

... 

82 

Denman       ... 

31 

Tyler  - 

- 

76 

Qrs. 

Quantity  used 

. 

1836,                754,313 

Quantity  used 

Decrease 

- 

1837,                714,488 

spedor. 

1837,                  39,825 

John  Slater,  Cask  h 

Hop-Duty,  1837 

{Old) 

-    £178,578.     3s.     O^d 

Table  of  the  Quantity  of  Malt  from  Barley,  which  paid  Duty  in 


Years. 

England. 

Scotland. 

Ireland. 

Bushels. 

Bushels. 

Bushels. 

1834. 

34,949,646 

3,580,758 

1,776,883 

1835. 

36,078,855 

3,604,816 

1,825,300 

1836. 

37,196,998 

4,168,854 

1,872,104 

Amount  of  Duties  paid  : 

£                                 £ 

£ 

1834. 

4,449,745 

462,514 

229,514 

1835. 

4,660,185 

465,622 

235,767 

1836. 

4,804,612 

538,477 

241,813 

MALT  KILN  (Darre,  Germ.)  The  improved  malt  kiln  of  Pistorius  is  represented, 
Jig.  653,  in  a  top  view ;  fig.  654,  in  a  longitudinal  view  and  section ;  and  fig.  655,  in 
transverse  section,  a  a  are  two  quadrangular  smoke  flues,  constructed  of  fire-tiles,  or 
fire-stones,  and  covered  with  iron  plates,  over  which  a  pent-house  roof  is  laid ;  the 
whole  bound  by  the  cross-pieces  b  (figs.  654,  655.)  These  flues  are  built  above  a  grating 
c  r,  which  commences  at  c';  in  front  of  c'  there  is  a  bridge  of  bricks.  Instead  of  such  a 
brick  flue  covered  with  plates,  iron  pipes  may  be  used,  covered  with  semi-cylin- 
drical tiles,  to  prevent  the  malt  that  may  happen  to  fall  from  being  burned,  d  d  are 
the  breast  walls  of  the  kiln,  3  feet  high,  furnished  with  two  apertures  shut  with  iron 
doors  through  which  the  malt  that  drops  down  may  be  removed  from  time  to  time, 
c  is  a  beam  of  wood  lying  on  the  breast  wall,  against  which  the  hurdles  are  laid  down 

51 
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slantingly  towards  the  back  wall  of  the  kiln  ;   f  f  are  two  vertical  flues  left  in  the 
substance  of  the  walls,  through  which  the  hot  air,  discharged  by  open  pipes  laid  in  a 


655 
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subjacent  furnace,  rises  into  the  space  between  the  pent-house  roof  and  the  iron  plates, 
and  is  thence  allowed  to  issue  through  apertures  in  the  sides,  g-  is  the  discharge  flue  in 
the  back  wall  of  the  kiln  for  the  air  now  saturated  with  moisture  ;  h  is  the  smoke-pipe, 
from  which  the  smoke  passes  into  the  anterior  flue  a,  provided  with  a  slide-plate,  for 
modifying  the  draught ;  the  smoke  thence  flows  ofl'  through  a  flue  fitted  also  with  a 
damper-plate  into  tlie  chimney  i.  k  is  the  smoke-pipe  of  a  subsidiary  fire,  in  case  no 
smoke  should  pass  through  h.  The  iron  pipes  are  II  inches  in  diameter,  the  air-flues/,  5 
inches,  and  the  smoke-pipe  h,  10  inches  square  ;  the  brick  flues  10  inches  wide,  and  the 
usual  height  of  bricks. 

MALTHA ;  Biimne  Glutineux,  or  mineral  pitch.  It  is  a  soft  glutinous  substance,  with 
the  smell  of  pitch.  It  dissolves  in  alcohol,  but  leaves  a  bituminous  residuum;  as  also  in 
naptha,  and  oil  of  turpentine.     It  seems  to  be  inspissaled  petroleum. 

MANGANESE  (Eng.  and  Fr. ;  Mangun,  Brawnsteinmetal,  Germ.)  is  a  grayish-white 
metal,  of  a  fine-grained  fracture,  very  hard,  very  brittle,  with  considerable  lustre,  of 
spec.  grav.  8-013,  and  requiring  for  fusion  the  extreme  heat  of  160°  Wedgewood.  It 
should  be  kept  in  closely  stoppered  bottles,  under  naptha,  like  potassium,  because  with 
contact  of  air  it  speedily  gets  oxydized,  and  falls  into  powder.  It  decomposes  water 
slowly  at  common  temperatures,  and  rapidly  at  a  red  heat.  Pure  oxyde  of  manganese 
can  be  reduced  to  the  metallic  stale  only  in  small  quantities,  by  mixing  it  with  lamp 
black  and  oil  into  a  dough,  and  exposing  the  mixture  to  the  intense  heat  of  a  smith's 
forge,  in  a  luted  crucible ;  which  must  be  shaken  occasionally  to  favor  the  ag- 
glomeration of  the  particles  into  a  button.  Thus  procured,  it  contains,  however,  a  little 
carbon. 

Manganese  is  susceptible  of  five  degrees  of  oxygenation. 

1.  The  protoxydc  may  be  obtained  from  a  solution  of  the  sulphate  by  precipitation  with 
carbonate  of  potash,  and  expelling  the  carbonic  acid  from  the  washed  and  dried  car- 
bonate, by  calcination  in  a  close  vessel  filled  with  hydrogen  gas,  taking  care  that  no 
air  have  access  during  the  cooling.  It  is  a  pale  green  powder,  which  slowly  attracts 
oxygen  from  the  air,  and  becomes  brown;  on  which  account  it  should  be  kept  in  glass 
tubes,  containing  hydrogen,  and  hermetically  sealed.  It  consists  of  77-57  metal  and  22*43 
oxygen.  It  forms  with  24  per  cent,  of  water  a  white  hydrate ;  and  with  acids,  saline 
compounds ;  which  are  white,  pink,  or  amethyst  colored.  They  have  a  bitter,  acerb  taste, 
and  aflbrd  with  hydrogenated  sulphuret  of  ammonia  a  flesh-red  precipitate,  but  with 
caustic  alkalis,  one  which  soon  turns  brown-red,  and  eventually  black. 

2.  The  deutoxijde.  of  vt<ins:nnese  exists  native  in  the  mineral  called  Brmmite;  but  it  may 
be  procured  either  by  calcining,  at  a  red  heat,  the  proto-nitrate,  or  by  spontaneous  oxydize- 
ment  of  the  protoxyde  in  the  air.  It  is  black ;  when  finely  pulverized,  dark  brown,  and 
is  convertible,  on  being  heated  in  acids,  into  protoxyde,  with  disengagement  of  oxygen  gas. 
It  consists  of  69-75  metal,  and  30-25  oxygen.  It  forms,  with  10  per  cent,  of  water,  a  liver- 
brown  hydrate,  which  occurs  native  under  the  name  of  Mangaiiite.  It  dissolves  readily 
in  tartaric  and  citric  acids,  but  in  few  others.  This  oxyde  constitutes  a  bronze  ground  in 
calico-printing. 

3.  Peroxyde  of  manganese;  Braunstein,  occurs  abundantly  in  nature.  It  gives  ou* 
oxygen  freely  when  heated,  and  becomes  an  oxydulated  deutoxyd^.  It  consists  of  63'36 
metal  and  36-64  oxvgen. 
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4.  Manganesic  acid  forms  green-eolored  salts,  but  has  not  hitherio  been  insulated  from 
the  bases.     It  consists  of  53'55  metal,  and  46*45  oxygen. 

5.  Hypermanganesic  acid  consists  of  49*70  metal,  and  50*30  oxygen. 

Ores  of  mangiimse. — There  are  two  principal  ores  of  this  metal  which  occur  in  great 
masses  ;  the  peroxyde  and  the  hydrated  oxyde  ;  the  first  of  which -is  frequently  found  in 
primitive  formations. 

1.  Metalloide  oxyde  of  mangamse ;  pyrolusite,  or  gray  manganese  ore;  has  a  metallic 
lustre,  a  steel  gray  color,  and  affords  a  black  powder.  Spec.  grav.  4*85.  Scratches  calc- 
spar.  It  effervesces  briskly  with  borax  at  the  blow-pipe,  in  consequence  of  the  disengage- 
ment of  oxygen  gas.  This  is  the  most  common  ore  of  manganese,  and  a  very  valuable 
one,  being  the  substance  mostly  employed  in  the  manufacture  of  chloride  of  lime  and  of 
flint-glass.  It  is  the  peroxyde.  Great  quantities  are  found  near  Tavistock,  in  Devon- 
shire, and  Launceston,  in  Cornwall. 

2.  Braunite,  is  a  dark  brown  substance,  of  a  glassy  metallic  lustre,  affording  a  brown 
powder.  Spec.  gray.  4*8.  It  scratches  feldspar  ;  but  is  scratched  by  quartz.  Infusible 
at  the  blow-pipe,  and  effervesces  but  slightly  when  fused  with  glass  of  borax.  It  is  the 
deutoxyde.     It  gives  out  at  a  red  heat  only  3  per  cent,  of  oxygen. 

3.  Manganite,  or  hydroxyde  of  manganese ;  is  brownish-black  or  iron-black,  powder 
brown,  with  somewhat  of  a  metallic  lustre.  Spec.  grav.  4*3.  Scratches  fluor  spar ; 
affords  water  by  calcination  in  a  glass  tube  ;  infusible  at  the  blow-pipe ;  and  effervesces 
slightly  when  fused  with  glass  of  borax.  It  consists  of  about  90  of  deutoxyde,  and  10 
of  water. 

4.  Haussmanite,  hlnck  braunstein ;  is  brownish-black,  aflbrds  a  reddish-brown  pow- 
der. Spec.  grav.  4*7  ;  scratches  fluor  spar ;  infusible  at  the  blow-pipe ;  does  not  effer- 
vesce when  fused  with  borax.  It  is  a  deutoxyde.  This  is  a  rare  mineral,  and  of  no  value 
to  the  arts. 

5.  Burytic  oxyde  of  manganese ;  fibrous  wad.  It  is  a  combination  of  deutoxyde  and 
peroxyde,  with  some  baryta. 

6.  Manganese  blende,  or  sulphuret  of  manganese ;  has  a  metallic  aspect ;  is  black,  or 
dark  steel  gray ;  spec.  grav.  3*95  ;  has  no  cleavage  ;  cannot  be  cut ;  infusible,  but  affords 
after  being  roasted  distinct  evidence  of  manganese,  by  giving  a  violet  tinge  to  soda  at  the 
blow-pipe.  Soluble  in  nitric  acid  ;  solution  yields  a  white  precipitate  with  the  ferro-cya- 
nide  of  potassium.     It  consists  of  sulphur  53-65  ;  manganese  66-35. 

7.  Carbonate  of  manganese  ;  dialogite.  Spec.  grav.  3*4  ;  affords  a  green  frit  by  fusion 
with  carbonate  of  soda  ;  is  soluble  with  some  effervescence  in  nitric  acid ;  solution  when 
freed  from  iron  by  succinate  of  ammonia,  gives  a  white  precipitate,  with  ferrocyanide  of 
potassium.  It  consists  of  28  carbonic  acid,  56  protoxyde  of  manganese,  5*4  of  lime,  4-5 
protoxyde  of  iron,  and  0*8  magnesia. 

8.  Hydrosilicate  of  manganese  is  a  black  metallic  looking  substance,  which  yields  a 
yellowish-brown  powder,  and  water  by  calcination ;  is  acted  upon  by  muriatic  acid,  but 
aflfords  no  chlorine.     It  consists  of  silica  25  ;  protoxyde  of  manganese  60  ;  water  13. 

9.  Ferriferous  phospltate  of  inanganese  is  brown  or  black.  Spec.  grav.  3-6  ;  scratches 
fluor  i  affords  by  calcination  a  very  little  of  an  acid  water  which  corrodes  glass  ;  very 
fusible  at  the  blow-pipe  into  a  black  metalloid  magnetic  bead  ;  is  acted  upon  by  nitric 
acid ;  solution  lets  fall  a  blue  precipitate  with  ferrocyanide  of  potassium ;  which  tested 
by  soda  is  shown  to  be  manganese.  It  consists  of  phosphoric  acid  32*78  ;  protoxyde  of 
iron  31-90;  protoxyde  of  manganese  32-60;  phosphate  of  lime  3-2.  Another  phosphate 
called  hureaulite,  contains  38  of  phosphoric  acid  ;  ]  1*10  of  protoxyde  of  iion;  32*85  of 
protoxyde  of  manganese,  and  18  of  water. 

Black  wad,  is  the  old  English  name  of  the  hydrated  peroxyde  of  manganese.  It 
occurs  in  various  imitative  shapes,  in  froth-like  coatings  upon  other  minerals,  as  also 
massive.  Some  varieties  possess  imperfect  metallic  lustre.  The  external  color  is 
brown  of  various  shades,  and  similar  in  the  streak,  only  shining.  It  is  opaque,  very 
sectile,  soils  and  writes.  Its  specific  gravity  is  about  3*7.  Mixed  with  linseed  oil  into 
a  dough,  black  wad  forms  a  mass  that  spontaneously  inflames.  A  variety  from  the 
Hartz,  analyzed  by  Klaproth,  afforded  peroxyde  of  manganese  68 ;  oxyde  of  ii'on  6*5 ; 
water  17*5  ;  carbon  1 ;  barytes  and  silica  9.  The  localities  of  black  wad  are  particu- 
larly Cornwall  and  Devonshire,  the  Hartz,  and  Piedmont.  I  have  analyzed  many 
varieties  of  the  black  wad  sold  to  the  manufacturers  of  bleaching  salt  and  flint  glass, 
and  have  found  few  of  them  so  rich  in  peroxyde  of  manganese  as  the  above.  Very 
generally  they  contained  no  less  than  25  per  cent,  of  oxyde  of  iron,  8  or  9  of  silica,  about 
7  of  water,  and  the  remainder  amounting  to  only  60  jier  cent,  of  the  peroxyde. 

M.  Gay  Lussac  has  proposed  to  determine  the  commercial  value  of  manganese  ore, 
by  the  quantity  of  chlorine  which  it  affords  when  treated  with  liquid  muriatic  acid.  He 
places  the  manganese  powder  in  a  small  retort  or  matrass,  pours  over  it  the  acid,  and  the 
chlorine  being  disengaged  with  the  aid  of  a  gentle  heat,  is  transmitted  into  a  vessel  con- 
taining milk  of  lime  or  potash  water.     This  liquor  is  thereafler  poured  into  a  dilute 
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solution  of  sulphate  of  indigo  ;  and  the  quantity  of  chlorine  is  inferred  from  the  quantity 
of  the  blue  solution  which  is  decolored.     I  pass  the  chlorine  into  test  solution  of  indigo. 

The  manufacturer  of  flint  glass  uses  a  small  proportion  of  the  black  manganese  ore,  to 
correct  the  green  tinge  which  his  glass  is  apt  to  derive  from  the  ijon  present  in  the  sand 
he  employs.  To  him  it  is  of  great  consequence  to  get  a  native  manganese  containing  as 
little  ii-on  oxyde  as  possible  ;  since  in  fact  the  color  or  limpidity  of  his  product  will  depend 
altogether  upon  that  circumstance. 

Sulphate  of  manganese  has  been  of  late  years  introduced  into  calico-printing,  to  give 
a  chocolate  or  bronze  impression.  It  is  easily  formed  by  heating  the  black  oxyde,  mixed 
with  a  little  ground  coal,  with  sulphuric  acid.     See  Calico-Printing. 

The  peroxyde  of  manganese  is  used  also  in  the  formation  of  glass  pastes,  and  in  making 
the  black  enamel  of  pottery.     See  Oxalic  Acid. 

MANGLE.  (Calandrc,  Fr ;  Mangel,  Germ.)  This  is  a  well  known  machine  for 
smoothing  table  cloths,  table  napkins,  as  well  as  linen  and  cotton  furniture.  As  usually 
made,  it  consists  of  an  oblong  rectangular  wooden  chest,  filled  with  stones,  which  load  it 
to  the  degree  of  pressure  that  it  should  exercise  upon  the  two  cylinders  on  which  it  rests, 
and  which,  by  rolling  backwards  and  forwards  over  the  linen  spread  upon  a  polished  table 
underneath,  render  it  smooth  and  level.  The  moving  wheel,  being  furnished  with  teeth 
upon  both  surfaces  of  its  periphery,  and  having  a  notch  cut  out  at  one  part,  allows  a 
pinion,  uniformly  driven  in  one  direction,  to  act  alternately  upon  its  outside  and  inside,  so 
as  to  cause  the  reciprocating  motion  of  the  chest.  This  elegant  and  much  admired  En- 
glish invention,  called  the  mangle-wheel,  has  been  introduced  with  great  advantage  into 
the  machinery  of  the  textile  manufactures. 

Mr.  Warcup,  of  Dartford,  obtained  a  patent  several  years  ago  for  a  mangle,  in  which 
the  linen,  being  rolled  round  a  cylinder  revolving  in  stationary-  bearings,  is  pressed  down- 
wards by  heavy  weights  hung  upon  its  axes,  against  a  curbed  bed,  made  to  slide  to  and 
fro,  or  traverse  from  right  to  left,  and  left  to  right,  alternately. 

Mr.  Hubie,  of  York,  patented  in  June,  1832,  another  form  of  mangle,  consisting  of 
three  rollers,  placed  one  above  another  in  a  vertical  frame,  the  axle  of  the  upper  roller 
being  pressed  downwards  by  a  powerful  spring.  The  articles  intended  to  be  smoothed 
are  introduced  into  the  machine  by  passing  them  under  the  middle  roller,  which  is  made 
to  revolve  by  means  of  a  fly  wheel ;  the  pinion  upon  whose  axis  works  in  a  large  toothed 
wheel  fixed  to  the  shaft  of  the  same  roller.  The  linen,  &c.  is  lapped  as  usual  in  protect- 
ing cloths.     This  machine  is  merely  a  small  Calender. 

MANIOC  is  the  Indian  nftme  of  the  nutritious  matter  of  the  shrub  jalropha  manihot, 
from  which  cassava  and  fapioca  are  made  in  the  West  Indies. 

MANNA  is  the  concrete  saccharine  juice  of  the  Fraximis  ormis,  a  tree  much  culli- 
vated  in  Sicily  and  Calabria.     It  is  now  little  used,  and  that  only  in  medicine. 

MARBLE.  This  title  embraces  such  of  the  primitive,  transition,  and  purer  compact 
limestones  of  secondary'  formation,  as  may  be  quarried  in  solid  blocks  without  fissures,  and 
are  susceptible  of  a  fine  polished  surface.  The  finer  the  white,  or  more  beautifully  varie- 
gated the  colors  of  the  stone,  the  more  valuable,  ceteris  paribus,  is  the  marble.  Its  gen- 
eral characters  are  the  following  : — 

Marble  effervesces  with  acids ;  aflTords  quicklime  by  calcination ;  has  a  conchoidal 
scaly  fracture  ;  is  translucent  only  on  the  verj-  edges  ;  is  easily  scratched  by  the  knife ; 
has  a  spec.  srav.  of  2'7 ;  admits  of  being  sawn  into  slabs,  and  receives  a  brilliant  polish. 
These  qualities  occur  united  in  only  three  principal  varieties  of  limestone  ;  in  the  sac- 
charoid  limestone,  so  called  from  its  fine  granular  texture  resembling  that  of  loaf  sugar. 
and  which  constitutes  modern  statuary-  marble,  like  that  of  Carrara  ;  2.  in  the  foliated 
limestone,  consisting  of  a  multitude  of  small  facets'formed  of  little  plates  applied  to  one 
another  in  every  possible  direction,  constituting  the  antique  statuary  marble,  like  that  of 
Paros;  3.  in  many  of  the  transition  and  carboniferous,  or  encriniiic  limestones,  subordi- 
uate  to  the  coal  formation. 

The  saccharoid  and  lamellar,  or  statuary  marbles,  belong  entirely  to  primitive  and 
transition  districts.  The  greater  part  of  the  close-grained  colored  marbles  belong  also 
to  the  same  geological  localities ;  and  become  so  rare  in  the  secondary  limestone  for- 
mations, that  immense  tracts  of  these  occur  without  a  single  bed  sufficiently  entire 
and  compact  to  constitute  a  workable  marble.  The  limestone  lying  between  the 
calcareo-silicious  sands  and  gritstone  of  the  under  oolite,  and  which  is  called  Forest 
marble  in  England,  being  susceptible  of  a  tolerable  polish,  and  variegated  with  imbedded 
shells,  has  sometimes  been  worked  into  ornamental  slabs  in  Oxfordshire,  where  it 
occurs  in  the  neighborhood  of  Whichwood  forest;  but  this  case  can  hardly  be  con- 
sidered as  an  exception  to  the  general  rule.  To  constitute  a  profitable  marble-quarn,-. 
there  must  be  a  large  extent  of  homogeneous  limestone,  and  a  facility  of  transporting 
the  blocks  after  they  are  dug.  On  examining  these  natural  advantages  of  the  beds  of 
Carrara  marble,  we  may  readily  understand  how  the  statuary  marbles  discovered  in  the 
Pyrenees,  Savoy,  Corsica,  &c.  have  never  been  able  to  come  into  competition  with  it  in 
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the  market.  In  fact,  the  two  sides  of  the  valley  of  Carrara  may  be  regarded  as  moun- 
cains  of  statuary  marble  of  the  finest  quality. 

Gypseous  alabaster  may  be  readily  distinguished  from  marbles,  because  it  does  not 
effervesce  with  acids,  and  is  soft  enough  to  be  scratched  by  the  nail ;  stalagmitic  alabaster 
is  somewhat  harder  than  marble,  translucent,  and  variegated  with  regular  stripes  or  undu- 
lations. 

Some  granular  marbles  are  flexible  in  thin  slabs,  or,  at  least,  become  so  by  being  dried 
at  the  fire  ;  which  shows,  as  Dolomieu  suspected,  that  this  property  arises  from  a  diminu- 
tion of  the  attractive  force  among  the  particles,  by  the  loss  of  the  moisture. 

The  various  tints  of  ornamental  marbles  generally  proceed  from  oxydes  of  iron  ;  but 
the  blue  and  green  tints  are  sometimes  caused  by  minute  particles  of  hornblende,  as  in 
the  slate-blue  variety  called  Turchino,  and  in  some  green  marbles  of  Germany.  The 
black  marbles  are  colored  by  charcoal,  mixed  occasionally  with  sulphur  and  bitumen ; 
when  they  constitute  stinkstone. 

Brard  divides  marbles,  according  to  their  localities,  into  classes,  each  of  which  contains 
eight  subdivisions  : — 

1.  Uni-colored  marbles  ;  including  only  the  white  and  the  black. 

2.  Variegated  marbles ;  those  with  irregular  spots  or  veins. 

3.  Madreporic  marbles,  presenting  animal  remains  in  the  shape  of  white  or  gray  spotb, 
with  regularly  disposed  dots  and  stars  in  the  centre. 

4.  Shell  marbfes;  with  only  a  few  shells  interspersed  in  the  calcareous  base. 

5.  Lumachella  marbles,  entirely  composed  of  shells. 

6.  Cipolin  marbles,  containing  veins  of  greenish  talc. 

7.  Breccia  marbles,  formed  of  a  number  of  angular  fragments  of  different  marbles, 
imited  by  a  common  cement. 

8.  Puddingstone  marbles ;  a  conglomerate  of  rounded  pieces. 

Jntiqnc  marbles. — The  most  remarkable  of  these  are  the  following  : — Parian  marhU, 
called  lychnites  by  the  ancients,  because  its  quarries  were  worked  by  lamps ;  it  has  a  yel- 
lowish-white color ;  and  a  texture  composed  of  fine  shining  scales,  lying  in  all  directions. 
The  celebrated  Arundelian  tables  at  Oxford  consist  of  Parian  marble,  as  well  as  the 
Medicean  Venus.  Pentelic  marble,  from  Mount  Penteles,  near  Athens,  resembles  the 
Parian,  but  is  somewhat  denser  and  finer  grained,  with  occasional  greenish  zones,  pro- 
duced by  greenish  talc,  whence  it  is  called  by  the  Italians  Cipolino  statuario.  The 
Parthenon,  Propyleum,  the  Hippodrome,  and  other  principal  iqonuments  of  Athens, 
were  of  Pentelic  marble ;  of  which  fine  specimens  may  be  seen  among  the  Elgin  col- 
lection, in  the  British  Museum.  Marmo  Greco,  or  Greek  white  marble,  is  of  a  very 
lively  snow  white  color,  rather  harder  than  the  preceding,  and  susceptible  of  a  very  fine 
polish.  It  was  obtained  from  several  islands  of  the  Archipelago,  as  Scio,  Samos,  Lesbos, 
&c.  Translucent  white  marble,  Marmo  statuario  of  the  Italians,  is  very  much  like  the 
Parian,  only  not  so  opaque.  Columns  and  altars  of  this  marble  exist  in  Venice,  and 
several  towns  of  Lombardy;  but  the  quarries  are  quite  unknown.  Flexible  white  marble, 
of  which  five  or  six  tables  are  preserved  in  the  house  of  Prince  Borghese,  at  Rome.  The 
irhite  marble  of  Luni,  on  the  coast  of  Tuscany,  was  preferred  by  the  Greek  sculptors  to 
both  the  Parian  and  Pentelic.  White  marble  of  Carrara,  between  Specia  and  Lucca,  is 
of  a  fine  white  color,  but  often  traversed  by  gray  veins,  so  that  it  is  difficult  to  procure 
moderately  large  pieces  free  from  them.  It  is  not  so  apt  to  turn  yellow  as  the  Parian 
marble.  This  quarry  was  worked  by  the  ancients,  having  been  opened  in  the  time  of 
Julius  Ceesar.  Many  antique  statues  remain  of  this  marble.  Its  two  principal  quarries 
at  the  present  day  are  those  of  Pianello  and  Polvazzo.  In  the  centre  of  its  blocks  very 
limpid  rock-crystals  are  sometimes  found,  which  are  called  Carrara  diamonds.  As  the 
finest  qualities  are  becoming  excessively  rare,  it  has  risen  in  price  to  about  3  guineas  the 
cubic  foot.  The  White  marble  of  Mount  Hymettus,  in  Greece,  was  not  of  a  very  pure 
white,  but  inclined  a  little  to  gray.  The  statue  of  Meleager,  in  the  French  Museum,  is 
of  this  marble. 

Black  antique  marble,  the  Nero  antico  of  the  Italians.  This  is  more  intensely  black 
than  any  of  our  modern  marbles ;  it  is  extremely  scarce,  occurring  only  in  sculptured 
pieces.  The  red  antique  marble,  Egyptum  of  the  ancients,  and  Rosso  antico  of  the  Italians, 
is  a  beautiful  marble  of  a  deep  blood-red  color,  mterspersed  with  white  veins  and  with 
,  very  minute  white  dots,  as  if  strewed  over  with  grains  of  sand.  There  is  in  the  Gri- 
mani  palace  at  Venice,  a  colossal  statue  of  Marcus  Agrippa  in  rosso  antico,  which  was 
formeily  preserved  in  the  Pantheon  at  Rome.  Green  antique  marble,  verdc  antico,  is  a 
kind  of  breccia,  whose  paste  is  a  mixture  of  talc  and  limestone,  while  the  dark  green 
fragments  consist  of  serpentine.  Very  beautiful  specimens  of  it  are  preserved  at  Parma, 
The  best  quality  has  a  s;rass-green  paste,  with  black  spots  of  noble  serpentine,  but  is 
never  mintrled  with  red  spots.  Red  spotted  green  aniique  marble,  has  a  dark  green  ground 
marked  with  small  red  and  black  spots,  with  fragments  of  entrochi  chansed  into  white 
marble.      It  is  known  only  in  small  tablets.      Leek  marble  ;  a  rai  e  variety  of  that  color, 
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of  which  there  is  a  table  in  the  Mint  at  Paris.  Marmo  verde  pagliocco  is  of  a  yellowish 
green  color,  and  is  found  only  in  the  ruins  of  ancient  Rome,  Cervelas  marble  of  a 
deep  red,  with  numerous  gray  and  white  veins,  is  said  to  be  found  in  Africa,  and  highly 
esteemed  in  commerce.  Yellow  antique  marble,  giallo  antico  of  the  Italians;  color  of 
the  yolk  of  an  egg,  either  uniform  or  marked  with  black  or  deep  yellow  rings.  It  is 
rare,  but  may  be  replaced  by  Sienna  marble.  Red  and  while  antique  viarblcs,  found  only 
among  the  ruins  of  ancient  Rome.  Grand  antique,  a  breccia  marble,  containing  shells, 
consists  of  larn;e  fragments  of  a  black  marble,  traversed  by  veins  or  lines  of  a  shining 
white.  There  are  four  columns  of  it  in  the  Museum  at  Paris.  Antique  Cipolino  marble. 
Cipolin  is  a  name  given  to  all  such  marbles  as  have  greenish  zones  produced  by  green 
talc  ;  their  fracture  is  granular  and  shining,  and  displays  here  and  there  plates  of  talc. 
Purple  antique  breccia  marble,  is  very  variable  in  the  color  and  size  of  its  spots. 
Antique  .African  breccia  has  a  black  ground,  variegated  with  large  fragments  of  a  gray- 
ish-white, deep  red,  or  purplish  wine  color ;  and  is  one  of  the  most  beautiful  marbles. 
Rose-colored  antique  breccia  marble  is  very  scarce,  occurring  only  in  small  tablets. 
There  are  various  other  kinds  of  ancient  breccias,  which  it  Avould  be  tedious  to  par- 
ticularize. 

Modern  marblct. — 1.  British.  Black  marble  is  found  at  Ashford,  Matlock,  and 
Monsaldale  in  Derbyshire;  black  and  white  in  the  north  part  of  Devonshire;  the  varie- 
gated marbles  of  Devonshire  are  generally  reddish,  brownish,  and  grayish,  variously 
veined  with  white  and  yellow,  or  the  colors  are  oflen  intimately  blended  ;  the  marbles 
from  Torbay  and  Babbacombe,  display  a  great  variety  in  the  mixture  of  their  colors ; 
the  Plymouth  marble  is  either  ash-colored  with  black  veins,  or  blackish-gray  and  white, 
shaded  with  black  veins;  the  cliffs  near  Marychurch  exhibit  marble  quarries  not  only 
of  great  extent,  but  of  superior  beauty  to  any  other  in  Devonshire,  being  either  of  a 
dove-colored  ground  with  reddish-purple  and  yellow  veins,  or  of  a  black  ground  mottled 
with  purplish  globules.  The  green  marble  of  Anglesea  is  not  unlike  the  vey-de  antico ; 
its  colors  being  greenish-black,  Icek-green,  and  sometimes  dull  purplish,  irregularly 
blended  with  white.  The  white  part  is  limestone,  the  green  shades  proceed  from 
serpentine  and  asbestos.  There  are  several  fine  varieties  of  marble  in  Derbyshire  ;  the 
mottled-gray  in  the  neighborhood  of  Moneyash,  the  light  gray  being  rendered  extremely 
beautiful  by  the  number  of  purple  veins  which  spread  upon  its  polished  surface  in  elegant 
irregular  branches ;  but  fts  chief  ornament  is  the  multitude  of  entrochi,  with  which  this 
transition  limestone-marble  abounds.  Much  of  the  transition  and  carboniferous  lime- 
stone of  Wales  and  Westmoreland  is  capable  of  being  worked  up  into  agreeable  dark 
marbles. 

In  Scotland,  a  particularly  fine  variety  of  white  marble  is  found  in  immense  beds,  at 
Assynt  in  Sufherlandshire.  A  beautiful  ash-gray  marble  of  a  very  uniform  grain,  and 
susceptible  of  a  fine  polish,  occurs  on  the  north  side  of  the  ferry  of  Ballachulish  in  In- 
vernesshire.  One  of  the  most  beautiful  varieties  is  that  from  the  hill  of  Belephetrich  in 
Tiree,  one  of  the  Hebrides.  Its  colors  are  pale  blood-red,  light  flesh-red,  and  reddish- 
white,  with  dark  green  particles  of  hornblende,  or  rather  sahlite,  diffused  through  the 
general  base.  The  compact  marble  of  lona  is  of  a  fine  grain,  a  dull  white  color,  some- 
what resembling  pure  compact  feldspar.  It  is  said  by  Bournon,  to  consist  of  an  intimate 
mixture  of  tremolite  and  carbonate  of  lime,  sometimes  with  yellowish  or  greenish-yellow 
spots.  The  carboniferous  limestone  of  many  of  the  coal  basins  in  the  lowlands  of  Scot- 
land may  be  worked  into  a  tolerably  good  marble  for  chimney-pieces. 

In  Ireland,  the  Kilkenny  marble  is  the  one  best  known,  having  a  black  ground  more  or 
less  varied  willi  white  marks  produced  by  petrifactions.  The  spar  which  occupies  the 
place  of  the  shells,  sometimes  assumes  a  greenish-yellow  color.  An  exceedingly  fine 
black  marble  has  also  been  raised  at  Craylealh  in  the  county  of  Down.  At  Louthlougher, 
in  the  county  of  Tipperary,  a  fine  purple  marble  is  found,  which  when  polished  looks 
very  beautiful.  The  county  of  Kerry  affords  several  variegated  marbles,  not  unlike  the 
Kilkenny. 

France  possesses  a  great  many  marble  quarries  which  have  been  described  by  Brard, 
and  of  which  a  copious  abstract  is  given  under  the  article  marble — Rees^  Cyclopedia. 

The  territory  of  Genoa  furnishes  several  beautiful  varieties  of  marble,  the  most  re- 
markable of  which  is  the  polzevcra  di  Genoa,  called  in  French  the  vert  d'Egypte  and  vert 
de  mcr.  It  is  a  mixture  of  granular  limestone  with  a  talcose  and  serpentine  substance 
disposed  in  veins;  and  it  is  sometimes  mixed  with  a  reddish  body.  This  marble  was  for- 
merly much  employed  in  Italy,  France,  and  England,  for  chimney-pieces,  but  its  sombre 
appearance  has  put  it  out  of  fashion. 

Corsica  possesses  a  sood  statuary  marble  of  a  fine  close  grain,  and  pure  milky  white- 
ness, quarried  atOrnofrio;  it  will  bear  comparison  with  that  of  Carrara;  also  a  gray 
marble  (bardiglio),  a  cipolin,  and  some  other  varieties.  The  island  of  Elba  has  immense 
quarries  of  a  white  marble  with  blackish  green  veins. 
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Among  the  innumerable  varieties  of  Italian  marbles,  the  following  deserve  especial 
notice. 

The  rovigio,  a  white  marble  found  at  Padua ;  the  white  marble  of  St.  Julien,  at  Pisa, 
of  which  the  cathedral  and  celebrated  slanting  tower  are  built ;  the  Biancone  marble, 
white  with  a  tinge  of  gray,  quarried  at  Magurega  for  altars  and  tombs.  Near  Mergozza 
the  white  saline  marble  with  gray  veins  is  found ;  with  which  the  cathedral  of  Milan  is 
built.  The  black  marble  of  Bergamo  is  called  paragone,  from  its  black  color,  like  touch- 
stone ;  it  has  a  pure  intense  tint,  and  is  susceptible  of  a  fine  polish.  The  pure  black 
marble  of  Como  is  also  much  esteemed.  The  polveroso  of  Pistoya,  is  a  black  marble 
sprinkled  with  dots ;  and  the  beautiful  white  marble  with  bkck  spots,  from  the  Lago 
Maggiore,  has  been  employed  for  decorating  the  interior  of  many  churches  in  the  Milanese. 
The  Margorre  marble  found  in  several  parts  of  the  Milanese,  is  bluish  veined  with  brown, 
and  composes  part  of  the  dome  of  the  cathedral  of  Milan.  The  green  marble  of  Florence 
owes  its  color  to  a  copious  admixture  of  steatite.  Another  green  marble,  called  verde  dt 
Prado,  occurs  in  Tuscany,  near  the  little  town  of  Prado.  It  is  marked  with  spots  of  a 
deeper  green  than  the  rest,  passing  even  into  blackish-blue.  The  beautiful  Sienna 
marble,  or  brocatello  di  Siena,  has  a  yellow  color  like  the  yolk  of  an  egg,  which  is  dis- 
posed in  large  irregular  spots,  surrounded  with  veins  of  bluish-red,  passing  sometimes 
into  purple.  At  Montarenli,  two  leagues  from  Sienna,  another  yellow  marble  is  met 
with,  which  is  traversed  .by  black  and  purplish-black  veins.  The  Brema  marble  is  yellow 
with  white  spots.  The  mawlela to  of  the  Italians  is  a  light  red  marble  with  yellowish- 
white  spots,  found  at  Luggezzana,  in  the  Veronese.  The  red  marble  of  Verona  is  of  a 
red  rather  inclining  to  yellow  or  hyacinth  ;  a  second  variety  of  a  dark  red,  composes  the 
vast  amphitheatre  of  Verona.  Another  marble  is  found  near  Verona,  with  large  white 
spots  in  a  reddish  and  greenish  paste.  Very  fine  columns  have  been  made  of  it.  The 
occhio  di  pavom  is  an  Italian  shell  marble,  in  which  the  shells  form  large  orbicular  spots, 
red,  white,  and  bluish.  A  madreporic  marble  known  under  the  name  of  pietra  stellaria, 
much  employed  in  Italy,  is  entirely  composed  of  star  madrepores,  converted  into  a  gray 
and  white  substance,  and  is  susceptible  of  an  excellent  polish.  The  village  of  Bretonico, 
in  the  Veronese,  furnishes  a  splendid  breccia  marble,  composed  of  yellow,  steel-gray,  and 
rose-colored  spots.  That  of  Bergamo  consists  of  black  and  gray  fragments  in  a  greenish 
cement.  Florence  marble,  called  also  ruin  and  landscape  marble,  is  an  indurated  calca- 
reous marl. 

Sicily  abounds  in  marbles,  the  most  valuable  of  which  is  that  called  by  the  English 
stone-cutters,  Sicilian  jasper ;  it  is  red  with  large  stripes  like  ribands,  white,  red,  and 
sometimes  green,  which  run  zigzag  with  pretty  acute  angles. 

Among  the  Genoese  marbles  we  may  notice  the  highly  esteemed  variety  called  portor, 
on  account  of  the  brilliant  yellow  veins  in  a  deep  black  ground.  The  most  beautiful 
kind  comes  from  Porto-Venese,  and  Louis  XIV.  caused  a  great  deal  of  it  to  be  worked  up 
for  the  decoration  of  Versailles.     It  costs  now  two  pounds  per  cubic  foot. 

Of  cutlirig  and  polishing  marble. — The  marble  saw  is  a  thin  plate  of  soft  iron,  continu- 
ally supplied  during  its  sawing  motion,  with  water  and  the  sharpest  sand.  The  sawing 
of  moderate  pieces  is  performed  by  hand,  but  that  of  large  slabs  is  most  economically 
done  by  a  proper  mill. 

The  first  substance  used  in  the  polishing  process  is  the  sharpest  sand,  which  must  be 
worked  with  till  the  surface  becomes  perfectly  flat.  Then  a  second,  and  even  a  third 
sand  of  increasing  fineness  is  to  be  applied.  The  next  substance  is  emery  of  pros:ressive 
de2:rees  of  fineness,  after  which  tripoli  is  employed  ;  and  the  last  jiolish  is  given  with 
tin-putty.  The  body  with  which  the  sand  is  rubbed  upon  the  marble,  is  usually  a  plate 
of  iron  ;  but  for  the  subsequent  process,  a  plate  of  lead  is  used  with  fine  sand  and  emery. 
The  polishing  rubbers  are  coarse  linen  cloths,  or  baggin?,  weds;ed  lisrht  into  an  iron 
planin:?  tool.  In  every  step  of  the  operation,  a  constant  trickling  supply  of  water  is 
re'juired. 

Visiters  of  Derby  may  have  an  opportunity  of  inspecting  Brown's  extensive  machinery 
for  cutting  marble  into  many  ornamental  forms,  which  has  been  well  described  in  Rees' 
Cyclopedia. 

Sir  James  Jelf  patented,  in  1822,  a  combination  of  machinery  for  cuttin?  any  descrip- 
tion  of  parallel  mouldings  upon  marble  slabs,  for  ornamental  purposes;  in  which  tools, 
supplied  with  sand  and  water,  are  made  to  traverse  to  and  fro. 

Mr.  Tullock  obtained  a  patent,  in  1824,  for  improvements  in  machinery  for  sawin?  and 
grooving  marble  ;  the  power  being  applied  by  means  of  toothed  wheels  bearing  cranks, 
which  gave  the  see-saw  motion  to  the  cuttin;,'  iron  plates. 

In  November,  1S29,  Mr.  Gibbs  secured,  by  patent,  an  invention  for  working  orna- 
mental devices  in  marble,  by  means  of  a  travellin?  drill,  guided  by  a  mould  of  wood, 
&c.,  in  counter  relief;  and  in  April,  1833,  Mr.  G.  W.  Wilds  obtained  a  patent  for 
machinery,  which  consists  of  a  series  of  circular  cutters,  for  separating  slabs  from  a 
hlock  of  marble;  the  block  being  advanced  slowly  to  meet  the  cutters,  by  the  progressive 
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movement  of  a  platform  upon  wheels,  driven  by  the  agency  of  a  rack  and  pinion,  as  in 
the  cylinder  boring  machine  of  the  steam-engine  manufacturer.  Sand  and  water  must 
be  supplied,  of  course,  from  a  hopper,  to  these  smooth  cutting  discs  of  iron  or  copper. 
See  Glass-Cutting.  He  proposes  also  to  mould  and  polish  marble,  by  applying  a  rota- 
tory wheel  or  cylinder  of  any  shape  to  it,  in  its  carrying  frame. 

MARCASITE  is  a  variety  of  iron  pyrites,  containing  generally  a  little  arsenic. 

MARGARATES  are  saline  compounds  of  margaric  acid  with  the  bases. 

MARGARIC  ACID  is  one  of  the  acid  fats,  produced  by  saponifying  tallow  with 
alkaline  matter,  and  decomposing  the  soap  with  dilute  acid.  The  term  Margaric  signifies 
PzARLY-looking. 

The  physical  properties  of  the  margaric  and  stearic  acids  are  very  similar ;  the  chief 
difference  is  that  the  former  is  more  fusible,  melting  at  140"^  F.  The  readiest  mode  of 
obtaining  pure  margaric  acid,  is  to  dissolve  olive  oil  soap  in  Avater,  to  pour  into  the  solu- 
tion a  solution  of  neutral  acetate  of  lead,  to  wash  and  dry  the  precipitate,  and  then  to 
remove  its  oleate  of  lead  by  ether,  which  does  not  afl'ect  its  margarate  of  lead.  The 
residuum  being  decomposed  by  boiling  hot  muriatic  acid,  affords  margaric  acid.  When 
heated  in  a  retort  this  acid  boils.  It  is  insoluble  in  water,  very  soluble  in  alcohol  and 
ether  ;  it  reddens  litmus  paper,  and  decomposes,  with  the  aid  of  heat,  the  carbonates  of 
soda  and  potash. 

MARINE  ACID.     See  Muriatic  Acid, 

MARINE  SALT.     See  Salt. 

MARL  {Marne,  Fr.  ;  Mergel,  Germ.)  is  a  mixed  earthy  substance,  consisting  of  car- 
bonate of  lime,  clay,  and  silicious  sand,  in  very  variable  proportions ;  it  is  sometimes  com- 
pact, sometimes  pulverulent.  According  to  the  predominance  of  one  or  other  of  these 
three  main  ingredients,  marls  may  be  distributed  into  calcareous,  clayey,  and  sandy.  Sec 
Limestone. 

Marquetry  is  a  peculiar  kind  of  cabinet  work,  in  which  the  surface  of  wood  is 
ornamented  with  inlaid  pieces  of  various  colors  and  forms.  The  marqueteur  puts  gold, 
silver,  copper,  tortoise-shell,  mother-of-pearl,  ivory,  horn,  &c.  under  contribution. 
These  substances,  being  reduced  to  laminae  of  proper  thinness,  are  cut  out  into  the  desired 
forms  by  punches,  which  produce  at  once  the  full  pattern  or  mould,  and  the  empty  one, 
which  enclosed  it ;  and  both  serve  their  separate  purposes  in  marquetry.  For  ilie  meth- 
ods of  dyeing  the  woods,  &c.  see  Ivory. 

MARTIAL  signifies,  belonging  to  iron ;  from  Mars,  the  mythological  name  of  this 
metal. 

MASSICOT  is  the  yellow  oxyde  of  lead. 

MASTIC  (Eng.  and  Fr. ;  Masiix,  Germ.)  is  a  resin  produced  by  making  incisions  in 
the  Pidacia  Lentiscus,  a  tree  cultivated  in  the  Levant,  and  chiefly  in  the  island  of  Chios. 
It  comes  to  us  in  yellow,  brittle,  transparent,  rounded  tears  ;  which  soften  between  the 
teeth;  with  bitterish  taste  and  aromatic  smell,  and  a  specific  gravity  of  1'07.  Mastic 
consists  of  two  resins  ;  one  soluble  in  dilute  alcohol ;  but  both  dissolve  in  strong  alcohol. 
Its  solution  in  spirit  of  wine  constitutes  a  good  varnish.  It  dissolves  also  in  oil  of  turpen- 
tine.    See  Varnish. 

MATRASS  is  a  bottle  with  a  thin  egg-shaped  bottom,  much  used  for  digestions  in 
chemical  researches. 

MATTE  is  a  crude  black  copper  reduced,  but  not  refined  from  sulphur  and  other  hete- 
rogeneous substances. 

MEADOW  ORE  is  conchoidal  bog  iron  ore. 

MEDALS.     For  their  composition,  see  Bronze  and  Copper. 

MEERSCHAUM  (Germ. ;  sea-froth,  Eng. ;  Ecume  de  Mer,  Magnesie  carbmiatee 
siliciflrc,  Fr.)  is  a  white  mineral,  of  a  somewhat  earthy  appearance,  always  soft,  but  dry 
to  the  touch,  and  adhering  to  the  tongue.  Specific  gravity,  2-6  to  3-4 ;  affords  water  by 
calcination  ;  fuses  with  difficulty  at  the  blowpipe  into  a  white  enamel ;  and  is  acted  upon 
by  acids.  It  consists,  according  to  Klaproth,  of  silica,  41-5 ;  magnesia,  18-25 ;  water  and 
carbonic  acid,  39.  Other  analysts  give,  silica  50,  magnesia  25,  water  25.  It  occurs  in 
veins  or  kidney-shaped  nodules,  among  rocks  of  serpentine,  at  Egribos,  in  the  island  of 
Negropont,  Eski-Schehir  in  Anatolia,  Brussa  at  the  foot  of  Mount  Olympus,  at  Baldissero 
in  Piedmont,  in  the  serpentine  veins  of  Cornwall,  &c. 

When  first  dug  up,  it  is  soft,  greasy,  and  lathers  like  soap ;  and  is  on  that  account  used 
by  the  Tartars  in  washing  their  linen.  The  well-known  Turkey  tobacco-pipes  are  made 
from  it,  by  a  process  analogous  to  that  for  making  pottery  ware.  The  bowls  of  the 
pipes,  when  imported  into  Germany,  are  prepared  for  sale  by  soaking  them  first  in  tallow, 
then  in  wax,  and  finally  by  polishing  them  with  shave-grass. 

MELLITE.     (Eng.  and  Fr. ;  Honigstein,  Germ.)     See  Honeystone. 

MELLITIC  Acid,  which  is  associated  with  alumina  in  the  preceding  mineral, 
crystallizes  in  small  colorless  needles,  is  without  smell,  of  a  strongly  acid  taste,  per- 
manent in  the  air,  soluble  in  water  and  alcohol,  as  also  in  boiling  hot  concentrated 
sulphuric  acid,  but  is  decomposed  by  hot  nitric  acid,  and  consists  of  50-21  carbon,  and 
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49-79  oxygen.  It  is  carbonized  at  a  red  heat,  without  the  production  of  any  inflamma- 
ble oil. 

MELLON  is  a  new  compound  of  carbon  and  azote,  discovered  by  M.  Liebig,  by  heating 
bi-sulpho-cyanide  of  mercury.  The  mellon  remains  at  the  bottom  of  the  retort  under  the 
form  of  a  yellow  powder. 

MENACHANITE,  an  ore  of  titanium,  found  in  the  bed  of  a  rivulet  which  flows  into 
the  valley  Menacan,  in  Cornwall. 

MERCURY  or  QUICKSILVER.  This  metal  is  distinguished  by  its  fluidity  at  com- 
mon temperatures ;  its  density  =  13-6  ;  its  silver  blue  lustre ;  and  its  extreme  mobility.  A 
cold  of  39°  below  zero  of  Fahrenheit,  or  — 40°  Cent.,  is  required  for  its  congelation,  in 
which  state  its  density  is  increased  in  the  proportion  of  10  to  9,  or  it  becomes  of  spec, 
grav.  15-0.  At  a  temperature  of  656°  F.  it  boils  and  distils  off  in  an  elastic  vapor ;  which, 
beiag  condensed  by  cold,  forms  purified  mercury. 

Mercury  combines  with  great  readiness  with  certain  metals,  as  gold,  silver,  zinc,  tin, 
and  bismuth,  forming,  in  certain  proportions,  fluid  solutions  of  these  metals.  Such  mer- 
curial alloys  are  called  amalgams.  This  property  is  extensively  employed  in  many  arts; 
as  in  extracting  gold  and  silver  from  their  ores ;  in  gilding,  plating,  making  looking-glasses, 
&c.  Humboldt  estimates  at  16,000  quintals,  of  100  lbs.  each,  the  quantity  of  mercury 
annually  employed  at  his  visit  to  America,  in  the  treatment  of  the  mines  of  New  Spain ; 
three  fourths  of  which  came  from  European  mines. 

The  mercurial  ores  may  be  divided  into  four  species : — 

1.  Native  quicksilver. — It  occurs  in  most  of  the  mines  of  the  other  mercurial  ores,  in 
the  form  of  small  drops  attached  to  the  rocks,  or  lodged  in  the  crevices  of  other  ores. 

2.  Argental  mercury,  or  native  silver  amalgam. — It  has  a  silver  white  color,  and  is 
more  or  less  soft,  according  to  the  proportion  which  the  mercury  bears  to  the  silver. 
Its  density  is  sometimes  so  high  as  14.  A  moderate  heat  dissipates  the  mercury,  and 
leaves  tli-°  silver.  Klaproth  states  its  constituents  at  silver  36,  and  mercury  64,  in  100  ; 
but  Cordier  makes  them  to  be,  271  silver,  and  725  meicury.     It  occurs  crystallized  in  a 

'ariety  ol  forms.  It  has  been  found  in  the  territory  of  Deux-Ponts,  at  Rozenau  and 
Niderstana,  in  Hungary,  in  a  canton  of  Tyrol,  at  Sahlberg  in  Sweden,  at  Kolyvan  in 
Siberia,  and  at  Allemont  in  Dauphiny ;  in  small  quantity  at  Almaden  in  Spain,  and  at 
Idria  in  Carniola.  By  the  chemical  union  of  the  mercury  with  the  silver,  the  amalgam, 
which  should  by  calculation  have  a  spec.  grav.  of  only  12-5,  acquires  that  of  14'11,  ac- 
cording to  M.  Cordier. 

3.  Snlphuret  of  mercury,  commonly  called  Cinnabar,  is  a  red  mineral  of  various 
shades ;  burning  at  the  blowpipe  with  a  blue  flame,  volatilizing  entirely  with  the  smell 
of  burning  sulphur,  and  giving  a  quicksilver  coating  to  a  plate  of  copper  held  in  the 
fumes.  Even  the  powder  of  cinnabar  rubbed  on  copper  whitens  it.  Its  density  varies 
from  6-9  to  10-2.  It  becomes  negatively  electrical  by  friction.  Analyzed  by  Klaproth, 
it  was  found  to  consist  of  mercury  84-5,  sulphur  14-75.  Its  composition,  viewed  as  a 
bisulphuret  of  mercury,  is,  mercury  86*2,  sulphur  13-8.  The  finest  crystals  of  sulphuret 
of  mercury  come  from  China,  and  Almaden  in  Spain.  These  contain,  according  to  Klap- 
roth, 85  per  cent,  of  mercury. 

A  bituminous  sulphuret  of  mercury  appears  to  be  the  base  of  the  great  exploration  of 
Idria  ;  it  is  of  a  dark  liver-red  hue ;  and  of  a  slaty  texture,  with  straight  or  twisted  plates. 
It  exists  in  large  masses  in  the  bituminous  schists  of  Idria.  M.  Beurard  mentions  also 
the  locality  of  Munster-Appel,  in  the  dutchy  of  Deux-Ponts,  where  the  ore  includes  im- 
pressions of  fishes,  curiously  spotted  with  cinnabar. 

The  compact  variety  of  the  Idria  ore  seems  very  complex  in  composition,  according 
to  the  following  analysis  of  Klaproth  : — Mercury,  81*8  ;  sulphur,  13-75;  carbon,  2-3  ; 
silica,  0-65  ;  alumina,  0-55  ;  oxyde  of  iron,  0-20  ;  copper,  0-02 ;  water,  0-73  ;  in  100  parts. 
M.  Beurard  mentions  another  variety  from  the  Palatinate,  which  yields  a  large  quantity 
of  bitumen  by  distillation ;  and  it  was  present  in  all  the  specimens  of  these  ores  analyzed 
by  me  for  the  German  Mines  Company.  At  Idria  and  Almaden  the  sulphurets  are  ex- 
tremely rich  in  mercury. 

4.  Muriated  mercury,  or  the  Chloride  of  mercury,  commonly  called  Horn  mercury. 
This  ore  occurs  in  very  small  crystals  of  a  pearl-gray  or  greenish-gray  color,  or  in  small 
nipples  which  stud,  like  crystals,  the  cavities,  fissures,  or  geodes  among  the  ferruginous 
gan^ues  of  the  other  ores  of  mercury.  It  is  brittle,  and  entirely  volatile  at  the  blow-pipe, 
characters  which  distinguish  it  from  horn  silver. 

The  geological  position  of  the  mercurial  ores,  in  all  parts  of  the  world,  is  in  the  strata 
which  commence  the  series  of  secondary  formations.  Sometimes  they  are  found  in  the 
red  sandstone  above  the  coal,  as  at  Menildot,  in  the  old  dutchy  of  Deux-Ponts,  at 
Durasno  in  Mexico,  at  Cuen^a  in  New  Granada,  at  Cerros  de  Gauzan  and  Upar  in 
Peru  ;  in  the  subordinate  porphyries,  as  at  Deux-Ponts,  San  Juan  de  la  Chica  in  Peru, 
and  at  Cerro-del-Fraile,  near  the  town  of  San  Felipe;  they  occur  also  among  the  strata 
below,  or  subordinate  to  the  calcareous  formation,  called  sechstcin,  in  Germany,  or 
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among  the  accompanying  bituminous  schists,  as  at  Idria  in  Carniola ;  and,  lastly,  they 
form  masses  in  the  zechstein  itself.  Thus,  it  appears  that  the  mercurial  deposites  are 
confined  within  very  narrow  geological  limits,  between  the  calcareous  beds  of  zechstein, 
and  the  red  sandstone.  They  occur  at  times  in  carbonaceous  ncdules,  derived  from  the 
decomposition  of  mosses  of  various  kinds ;  and  the  whole  mercurial  deposite  is  occasion- 
ally covered  with  beds  of  charcoal,  as  at  Durasno. 

They  are  even  sometimes  accompanied  with  the  remains  of  organic  bodies,  such  as 
casts  of  fishes,  fossil  shells,  silicified  wood,  and  true  coal.  The  last  fact  has  been 
observed  at  Potzberg,  in  the  works  of  Drey-Koenigszug,  by  M.  Brongniart.  These 
sandstones,  bituminous  schists,  and  indurated  clays,  contain  mercury  both  in  the  state  of 
sulphuret  and  in  the  native  form.  They  are  more  or  less  penetrated  with  the  ore,  form- 
ing sometimes  numerous  beds  of  very  great  thickness ;  while,  in  the  more  ancient  or 
the  primitive  formations,  these  ores  exist  only  in  very  small  quantity  associated  with  tin. 
Mercury  is,  generally  speaking,  a  metal  sparingly  distributed  in  nature,  and  its  mines  are 
very  rare. 

The  great  exploitations  of  Idria  in  Friuli,  in  the  county  of  Goritz,  were  discovered  in 
1497,  and  the  principal  ore  mined  there  is  the  bituminous  sulphuret.  The  workings 
of  this  mine  have  been  pushed  to  the  dejith  of  280  yards.  The  product  in  quicksilver 
might  easily  amount  annually  to  6000  metric  quintals=6'00  tons  British ;  but,  in  order  to 
uphold  the  price  of  the  metal,  the  Austrian  government  has  restricted  the  production  to 
150  tons.  The  memorable  fire  of  1803  was  most  disastrous  to  these  mines.  It  was  ex- 
tinguished only  by  drowning  all  the  underground  workings.  The  sublimed  mercury  in 
this  catastrophe  occasioned  diseases  and  nervous  tremblings  to  more  than  900  persons  in 
the  neighborhood. 

Pliny  has  recorded  two  interesting  facts  :  1.  that  the  Greeks  imported  red  cinnabar 
from  Almaden  700  years  before  the  Christian  era  ;  and  2.  that  Rome,  in  his  time,  annu- 
ally received  700,000  pounds  from  the  same  mines.  Since,  1827,  they  have  produced 
22,000  cwt^.  of  mercury  every  year,  with  a  corps  of  700  miners  and  200  smelters ;  and, 
indeed,  the  veins  are  so  extremely  rich,  that  though  they  have  been  worked  pretty  con- 
stantly during  so  many  centuries,  the  mines  have  hardly  reached  the  depth  of  330  yards, 
or  something  less  than  1000  feet.  The  lode  actually  under  exploration  is  from  14  to  16 
yards  thick ;  and  it  becomes  thicker  still  at  the  crossing  of  the  veins.  The  totality  of  the 
ore  is  extracted.  It  yields  in  their  smelting  works  only  10  per  cent,  upon  an  average, 
but  there  is  no  doubt,  from  the  analysis  of  the  ores,  that  nearly  one  half  of  the  quicksilver 
is  lost,  and  dispersed  in  the  air,  to  the  great  injury  of  the  workmen's  health,  in  conse- 
quence of  the  barbarous  apparatus  of  aludels  employed  in  its  sublimation  ;  an  apparatus 
which  has  remained  without  any  material  change  for  the  better  since  the  days  of  the 
Moorish  dominion  in  Spain.  M.  Le  Play,  the  eminent  Ingenieur  des  Mines,  who  published, 
in  a  recent  volume  of  the  Annales  des  Mines,  his  liburuire  to  Almaden,  says,  that  the 
mercurial  contents  of  the  ores  are  votabkmcnt  phis  elevces  than  the  product. 

These  veins  extend  all  the  way  from  the  town  of  Chillon  to  Almadenejos.  Upon 
the  borders  of  the  streamlet  Balde  Azogues,  a  black  slate  is  also  mined  which  is  abun- 
dantly impregnated  with  metallic  mercury.  The  ores  are  treated  in  13  double  fur- 
naces, which  I  shall  presently  describe.  "  Le  mercure,"  says  M.  Le  Play,  "  a  sur  la 
sante  des  ouvriers  la  plus  funeste  influence,  et  1'  on  ne  pent  se  dcfendre  d'  un  sentiment 
penible  en  voyant  1'  empressement  avec  lequel  des  jeunes  gens,  pleins  de  force  et  de 
santp,  se  disputent  la  faveur  d'  aller  chercher  dans  les  mines,  des  maladies  cruelles,  et 
souvent  une  mort  prematurce.  La  population  des  mineurs  d'  Almaden  meritent  le  plus 
haut  interet."  These  victims  of  a  deplorable  mismanagement  are  described  as  being  a 
laborious,  simple-minded,  virtuous  race  of  beings,  who  are  thus  condemned  to  breathe 
an  atmosphere  impregnated  far  and  near  with  the  fumes  of  a  volatile  poison,  which 
the  lessons  of  science,  as  I  shall  presently  demonstrate,  might  readily  repress,  with  the 
eflect  of  not  only  protecting  the  health  of  the  population,  but  of  vastly  augmenting  the 
revenues  of  the  state. 

These  celebrated  mines,  near  to  which  lie  those  of  Las  Cucbas  and  of  Jlmadenejos, 
were  knoAvn  to  the  Romans.  After  having  been  the  propejty  of  the  religious  knights  of 
Calatrava,  who  had  assisted  in  expelling  the  Moors,  they  were  farmed  oil' to  the  celebrated 
Fuggcr  merchants  of  Augsbourg;  and  afterwards  explored  on  account  of  the  government, 
from  the  date  of  1645  till  the  present  time.  Their  produce  was,  till  very  lately,  entirely 
appropriated  to  the  treatment  of  the  gold  and  silver  ores  of  the  new  world. 

The  mines  of  the  Palatinate,  situated  on  the  left  bank  of  the  Rhine,  though  they  do  not 
approach  in  richness  and  importance  to  those  of  Idria  and  Almaden,  merit,  however,  all 
the  attention  of  the  government  that  farms  them  out.  They  are  numerous,  and  varied  in 
geological  position.  Those  of  Drey-Koenigszug,  at  Potzberg,  near  Kussel,  deserve  par- 
ticular notice.  The  workings  have  reached  a  depth  of  more  than  220  yards  ;  the  ore  be- 
ing a  sandstone  strongly  impregnated  with  sulphuret  of  mercury.  The  produce  of  these 
mines  is  estimated  at  about  30  tons  per  annum. 
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There  are  also  in  Hungary,  Bohemia,  and  several  other  parts  of  Germany,  some  incon- 
siderable exploitations  of  mercury,  the  total  produce  of  which  is  valued  at  about  30  or  40 
tons  on  an  average  of  several  years. 

The  mines  of  Guancavelica,  in  Peru,  are  the  more  interesting,  as  their  products  are 
directly  employed  in  treating  the  ores  of  gold  and  silver,  which  abound  in  that  portion 
of  America.  These  quicksilver  mines,  explored  since  1570,  produced,  up  to  1800,  53,700 
tons  of  that  metal ;  but  the  actual  produce  of  the  explorations  of  these  countries  was, 
according  to  Helms,  about  the  beginning  of  this  centui-y,  from  170  to  180  tons  per 
annum. 

In  1782,  recourse  was  had  by  the  South  American  miners  to  the  mercury  extracted  in 
the  province  of  Yun-nan,  in  China. 

The  metallurgic  treatment  of  the  quicksilver  ores  is  tolerably  simple.  In  general, 
when  the  sulphurel  of  mercury,  the  most  common  ore,  has  been  pulverized,  and  some- 
times washed,  it  is  introduced  into  retorts  of  cast-iron,  sheet-iron,  or  even  stoneware,  in 
mixture  with  an  equal  weight  of  quicklime.  These  retorts  are  arianged  in  various 
ways. 

Prior  to  the  17th  century,  the  method  called  per  descensmn  was  the  only  one  in  use 
for  distilling  mercury;  and  it  was  eflected  by  means  of  two  earthen  pots  adjusted  over 
each  other.  The  upper  pot,  filled  with  ore,  and  closed  at  the  top,  was  covered  over  with 
burning  fuel ;  and  the  mercurial  vapors  expelled  by  the  heat,  j  assed  down  through  small 
holes  in  the  bottom  of  the  pot,  to  be  condensed  in  another  vessel  placed  below. 
However  convenient  this  apparatus  might  be,  on  account  of  the  facility  of  transporting 
it,  whe  ever  the  ore  was  found,  its  inefliciency  and  the  losses  it  occasioned  were  eventu- 
ally recognised.  Hence,  before  1635,  some  smelting  works  of  the  Palatinate  had  given 
up  the  method  per  dcscenmm,  which  was,  however,  still  retained  in  Idria  ;  and  they  sub- 
stituted for  it  the  furnaces  called  galleries.  At  first,  earthenware  retorts  were  employed 
in  these  furnaces  ;  but  they  Avere  soon  succeeded  by  iron  retorts.  In  the  Palatinate  this 
mode  of  operating  is  still  in  use.  At  Idria,  in  the  year  1750,  a  great  distillatory  appa- 
ratus was  established  for  the  treatment  of  the  mercurial  ores,  in  imitation  of  those  which 
previously  existed  at  Almaden,  in  Spain,  and  called  aludel-fumaces.  But,  since  1794, 
these  aludels  have  been  suppressed,  and  new  distillatory  apparatus  have  been  constructed 
at  Idria,  remarkable  only  for  their  magnitude ;  exceeding,  in  this  respect,  every  other 
metallurgic  erection. 

There  exist,  therefore,  three  kinds  of  apparatus  for  the  distillation  of  mercury :  1.  the 
furnace  called  a  gallery;  2.  the  furnace  with  aludels;  and  3.  the  large  apparatus  of 
Idria.     I  shall  describe  each  of  these  briefly,  in  succession. 

1.  Furnace  called  Gallery  of  the  Palatinate. — The  construction  of  this  furnace  is  dis- 
posed so  as  to  contain  four  ranges,  a  a',  b  h',  of  large  retorts,  styled  cucurbits,  of  cast-iron, 
in  which  the  ore  of  mercury  is  subjected  to  distillation.  This  arrangement  is  shown  in 
fig,  656,  which  presents  a  vertical  section  in  the  line  a  6  of  the  ground  plan,y?g.  657.  In 
the  ground  plan,  the  roof  e  e  of  the  furnace  {fig.  656)  is  supposed  to  be  lifted  off,  in 
order  to  show  the  disposition  of  the  four  ranges  of  cucurbits  upon  the  grate  c  f, 
figs.  656,  657,  which  receives  the  pit-coal  employed  as  fuel.  Undei-  this  grate  extends 
an  ash-pit  d.  Fig.  658,  which  exhibits  an  elevation  of  the  furnace,  points  out  this 
ash-pit,  as  well  as  one  of  the  two  doors  c,  by  which  the  fuel  is  thrown  upon  the  grate 
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c  /.  Openings  e  e,  {fig.  656,)  are 
left  over  the  top  arch  of  the  fur- 
nace, whereby  the  draught  of  air 
may  receive  a  suitable  direction. 
The  grate  of  the  fireplace  extends 
over  the  whole  length  of  the  fur- 
nace, fig.  657,  from  the  door  c  to 
the  door  _/',  situated  at  the  opposite 
extremity.  The  furnace  called  gal- 
lery includes  commonly  30  cucurbits, 
and  in  some  establishments  even 
52.  Into  each  are  introduced  from 
56  to  70  pounds  of  ore,  and  15  to 
-j-^-j-r'-T-'T  I  I  '  r '  E^  ^^Z^^^^^  ^'^  pounds  of  quicklime,  a  mixture 

^TTrTT^!~t^\\ll(//r^'4^^=!='-i^l  ^^'~^^^~^^,  which  fills  no  more  than  two  thirds 

of  the  cucurbit;  to  the  neck  a 
stoneware  receiver  is  adapted,  con- 
taining water  to  half  its  height. 
The  fire,  at  first  moderate,  is  eventually  pushed  till  the  cucurbits  are  red  hot.  The 
operation  being  concluded,  the  contents  of  the  receivers  are  poured  out  into  a  wooden 
bowl  placed  upon  a  plank  above  a  bucket;  the  quicksilver  falls  to  the  bottom  of 
the  bowl,  and  the  water  draws  over  the  black  mercury,  for  so  the  substance  that  coats 
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the  inside  of  the  receivers  is  called.  This  is  considered  to  be  a  mixture  of  sulphuret 
and  oxyde  of  mercury.  The  black  mercury,  taken  out  of  the  tub  and  dried,  is  distDled 
anew  with  excess  of  lime ;  after  which  the  residuum  in  the  retorts  is  thrown  away,  as 
useless. 

Mudel  furnaces  of  Mmaden. — Figs.  659  and  660  represent  the  great  furnaces  with 
aludels  in  use  at  Almaden,  and  anciently  in  Idria ;  for  between  the  two  establishments 
there  was  in  fact  little  difference  before  the  year  1794.  Figs.  659  and  662  present  two 
vertical  sections  ;  figs.  660  and  661  are  two  plans  of  two  similar  furnaces,  conjoined  in 

one  body  of  brickwork.  In  the  four 
figures  the  following  objects  are  to  be 
remarked  :  a  door  «,  by  which  the  wood 
is  introduced  into  the  fire-place  h.  This 
is  perforated  with  holes  for  the  passage 
of  air ;  the  ash-pit  c  is  seen  beneath. 
An  upper  chamber,  d,  contains  the  mer- 
curial ores  distributed  upon  open  arches, 
which  form  the  perforated  sole  of 
this  chamber.  Immediately  over  these 
arches,  there  are  piled  up,  in  a  dome 
form,  large  blocks  of  a  limestone,  very 
poor  in  quicksilver  ore ;  above  these 
are  laid  blocks  of  a  smaller  size,  then 
ores  of  rather  inferior  quality,  and 
stamped  ores  mixed  with  richer  mine- 
rals. Lastly,  the  whole  is  covered  up 
with  soft  bricks,  formed  of  clay  kneaded 
with  schlich,  and  with  small  pieces  of 
sulphuret  of  mercury.  Six  ranges  of 
aludels  or  stoneware  tubes//,  of  a  pear 
shape,  luted  together  with  clay,  are 
mounted  in  front  of  each  of  the  two  fur- 
naces, on  a  double  sloping  terrace,  having 
in  its  lowest  middle  line  two  gutters  t  v, 
a  little  inclined  towards  the  intermediate  wall  m.  In  each  range  the  aludel  placed  at  the 
line  t  m  V  of  fig.  660,  that  is  to  say,  at  the  lowest  point,  g,  figs.  659,  662,  is  pierced  with 


a  hole.     Thereby  the  mercury  which  had  been  volatilized  in  d,  if  it  be  already  condensed 
by  the  cooling  in  the  series  of  aludels  f  g,  may  pass  into  the  corresponding  gutter,  next 

662 


into  the  hole  m,  fig.  660,  and  after  that  into  the  wooden  pipes  h  h',fig.  659,  which  con 
duct  it  across  the  masonry  of  the  terrace  into  cisterns  filled  with  water;  see  q,fig.  661, 
which  is  the  plan  of  fig.  662. 

The  portion  of  mercury  not  condensed  in  the  range  of  aludels,/  g,  which  is  the  mosj 
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considerable,  goes  in  the  state  of  vapor,  into  a  chamber  k ;  but  in  passing  under  a 
partition  1 1,  a  certain  portion  is  deposited  in  a  cistern  i,  filled  with  water.  The  greater 
part  of  the  vapors  diffused  in  the  chamber  k'  is  thereby  condensed,  and  the  mercury 
falls  down  upon  the  two  inclined  planes  which  form  ils  bottom.  What  may  still  exist 
as  vapor  passes  into  an  upper  chamber  k',  by  a  small  chimney  w.  On  one  of  the  sides 
of  this  chamber  there  is  a  shutter  which  may  be  opened  at  pleasure  from  below  upwards, 
and  beneath  this  shutter,  there  is  a  gutter  into  M'hich  a  notable  quantity  of  mercury 
collects.  Much  of  it  is  also  found  condensed  in  the  aludels.  These  facts  prove  that  this 
process  has  inconveniences  which  have  been  tried  to  be  reiiedicd  by  the  more  extensive 
but  rather  unchemical  grand  apparatus  of  Idria. 

Details  of  the  aludel  apparatus :  25  are  set  in  each  of  the  12  ranges,  seen  in  /?g.  661, 
constituting  300  pear-shaped  stoneware  vessels,  open  at  both  ends,  being  merely  thrust  into 
one  another,  and  luted  with  loam.  What  a  multitude  of  joints,  of  which  a  great  miany 
must  be  continually  giving  way  by  the  shrinkage  of  the  luting,  whereby  the  mercurial 
fumes  M'ill  escape  with  great  loss  of  product,  to  poison  the  air ! 

a,  is  the  door  of  the  fire-place  ;  c,  the  perforated  arches  upon  which  the  ore  is  piled  in 
the  chamber  e,  through  the  door  d,  and  an  orifice  at  top  ;  the  latter  being  closed  during 
the  distillation  ;  //  are  vents  for  conducting  the  mercurial  vapors  into  two  chambers  i, 
separated  by  a  triangular  body  of  masonry  m  n  ;  h  is  the  smoke  chimney  of  the  fire-place; 
0  0,  are  the  ranges  of  aludels,  in  connexion  with  the  chamber  ?,  which  are  laid  slantingly 
towards  the  gutter  q,  upon  the  double  inclined  plane  tenace,  and  terminate  in  the 
chamber  h  g  ;  this  being  surmounted  by  two  chimneys  /.  The  mercury  is  collected  in 
these  aludels  and  in  the  basins  at  q  and  jo.  Jig.  661.  r  is  a  thin  stone  partition  set  up 
between  the  two  principal  walls  of  each  of  the  furnaces,  v  is  the  stair  of  the  aludel  ter- 
race, leading  to  the  platform  which  surmounts  the  furnace ;  ~  is  a  gutter  for  conducting 
away  the  rains  which  may  fall  upon  the  buildings. 

Great  apparatus  of  Idria. — Before  entering  into  details  of  this  laboratory,  it  will  not 
be  useless  to  recapitulate  the  metallurgic  classification  of  the  ores  treated  in  it.  1.  the 
ores  in  large  bhjcks,  fragments,  or  shivers,  whose  size  varies  from  a  cubic  foot  to  that  of 
a  nut.     2.  The  smaller  ores,  from  the  size  of  a  nut  to  that  of  grains  of  dust. 

The  first  class  of  large  ores  comprises  three  subdivisions,  namely  ;  a,  blocks  of  metal- 
liferous rocks,  which  is  the  most  abundant  and  the  poorest  species  of  ore,  affording  only 
one  per  cent,  of  mercury ;  b,  the  massive  sulphuret  of  mercury,  the  richest  and  rarest  ore, 
yielding  80  per  cent,  when  it  is  picked  ;  c,  the  fragments  or  splinters  proceeding  from  the 
breaking  and  sorting,  and  which  vary  in  value,  from  1  to  AQ  per  cent. 

The  second  class  of  small  ores  comprises  :  d,  the  fragments  or  shivers  extracted  from  the 
mine  in  the  state  of  little  pieces,  affording  from  10  to  12;)er  cent. ;  e,  the  kernels  of  ore 
separated  on  the  sieve,  yielding  32 per  cent.  ;  /the  sands  and  paste  called  schlich,  obtain- 
ed in  the  treatment  of  the  poorest  ores,  by  means  of  the  stamps  and  washing  tables ; 
100  parts  of  this  schlich  give  at  least  8  of  quicksilver.  . 

The  general  aspect  of  the  apparatus  is  indicated  hy  figs.  663,  664,  and  665.     Fig.  665, 

represents  the  exterior,  but  only  one 
half,  which  is  enough,  as  it  resembles 
exactly  the  other,  which  is  not  shown. 
In  these  three  figures  the  following  ob- 
jects may  be  distinguished ;  Jigs.  663, 
664,  a,  door  of  the  fire-place;  b,  the 
furnace  in  which  beech-Avood  is  burned 
mixed  with  a  little  fir-wood ;  c,  door 
of  the  ash-pit,  extended  beneath ;  d, 
a  space  in  which  the  ores  are  deposited  upon  the  seven  arches,  1  to  7,  as  indicated  in 
Jigs.  663>  and  666  ;  c  e,  brick  tunnels,  by  which  the  smoke  of  the  fuel  and  the  vapors  of 
mercury  pass,  on  the  one  side,  into  successive  chambers/ fe. 


664 


_\      \ 


A 


fghijkl  are  passages  which  permit  the  circulation  of  the  vapors  from  the  furnace 
ab  c  d,  to  the  chimneys  /  /.     Figs.  663  and  664  exhibit  clearly  the  distribution  of  these 
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openings  on  each  side  of  the  same  furnace,  and  in  each  half  of  the  apparatus,  wliich  is 
double,  as^g.  664  shows  ;  the  spaces  without  letters  being  in  every  respect  similar  to  the 
spaces  mentioned  bslow.     Fig.  664  is  double  the  scale  of  Jig.  663. 

7n  m',  fig.  664,  are  basins  of  reception,  distributed  before  the  doors  of  each  of  the 
chambers/  kf  k'.  The  condensed  mercury  which  flows  out  of  the  chambers  is  conveyed 
thither,  n  n'  is  a  trench  into  which  the  mercury,  after  being  lifted  into  the  basins  m,  is 
poured,  so  that  it  may  run  towards  a  common  chamber  o,  in  the  sloping  direction 
indicated  by  the  arrows,  o  leads  to  the  chamber  where  the  mercury  is  received  into  a 
porphyry  trough ;  out  of  which  it  is  laded  and  packed  up  in  portions  of  50  or  100  lbs. 
in  sheep-skins  prepared  with  alum,  pp',  fig.  663,  are  vaulted  arches,  through  which  a 
circulation  may  go  on  round  the  furnace  a  b  c  d,  on  the  ground  level,  q  q'  are  the  vaults 
of  the  upper  stories,  r  r',  fig.  665,  vaults  which  permit  access  to  the  tunnels  e'  e", 
fig.  663.  " 

s  s'  and  t  t'.fig.  665,  are  the  doors  of  the  chambers/ fc  and/  k'.  These  openmgs  are 
shut  during  the  distilhilion  by  wooden  doors  faced  with  iron,  and  luted  with  a  mortar  of 
clav  and  lime,  u  u'  is  the  door  of  the  vaults  1  to  7  of  the  furnace  represented  in 
fig.  663.  Tliese  openings  are  hermetically  shut,  like  the  preceding,  v  v',  fig.  663,  are 
superior  openings  of  the  chambers,  closed  duing  the  operation  by  luted  plugs;  they  are 
opened  afterwards  to  facilitate  the  cooling  of  the  apparatus,  and  to  collect  the  mercurial 
soot.     ^  y  :,  fig.  666,  are  floors  which  correspond  to  the  doors  tc  u'  of  the  vaults  1  to  7, 

Jn] 
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fig.  665.  These  floors  are  reached  by  stairs  set  up  in  the  different  parts  of  the  building, 
which  contains  the  whole  apparatus. 

On  tlie  lower  arches  the  largest  blocks  of  metalliferous  rock  are  laid  ;  over  these  the 
less  bulky  fragments  are  arranged,  which  are  covered  with  the  shivers  and  pieces  of  less 
dimension.  On  the  middle  vaults,  the  small  ore  is  placed,  distributed  into  cylindrical  pip- 
kins of  earthenware,  of  10  inches  diameter  and  5  inches  depth.  The  upper  vaults  receive 
likewise  pipkins  filled  with  the  sands  and  pastes  called  schlich. 

In  3  hours,  by  the  labor  of  40  men,  the  two  double  sets  of  apparatus  are  charged,  and 
all  the  apertures  are  closed.  A  quick  fire  of  beech-wood  is  then  kindled  ;  and  when  the 
whole  mass  has  become  sufliciently  heated,  the  sulphuret  of  mercury  begins  to  vapor- 
ize ;  coming  into  contact  with  the  portion  of  oxygen  which  had  not  been  carbonated, 
by  combustion,  its  sulphur  burns  into  sulphurous  acid,  while  the  mercury  becomes  free, 
passes  with  the  other  vapors  into  the  chambers  for  condensing  it,  and  precipitates  in  the 
liquid  form  at  a  greater  or  less  distance  from  the  fire-place.  The  walls  of  the  chambers 
and  the  floors,  with  which  their  lower  portion  is  covered,  are  soon  coated  over  with  a 
black  mercurial  soot,  which,  bemg  treated  anew,  furnishes  50  per  cent,  of  mercury.  The 
distillation  lasts  from  10  to  12  hours;  during  which  time  the  whole  furnace  is  kept  at 
a  cherry-red  heat.  A  complete  charge  for  the  two  double  apparatus,  consists  of  from 
1000  to  1300  quintals  of  ore,  which  produce  from  80  to  90  quintals  of  running  mercury. 
The  furnace  takes  from  5  to  6  days  to  cool,  according  to  the  stale  of  the  weather ;  and 
if  to  that  period  be  added  the  time  requisite  for  withdrawing  the  residuums,  and  attend- 
ing to  such  repairs  as  the  furnace  may  need,  it  is  obvious  that  only  one  distillation  can  be 
performed  in  the  course  of  a  week. 

In  the  works  of  Idria,  in  1812,  56,686  quintals  and  a  half  of  quicksilver  ores  were  dis- 
tilled, after  undergoing  a  very  careful  mechanical  preparation.  They  afl^orded  4832  quin- 
tals  of  running  mercury  ;  a  quantity  corresponding  to  about  85  per  cent,  of  the  ore.  These 
smelting  works  are  about  180  feet  long  and  30  feet  high. 

Upon  the  preceding  three  systems  of  smelting  mercurial  ores,  I  shaU  now  make  some 
observations. 

It  has  been  long  well  known,  that  quicksilver  may  be  most  readily  extracted  from 
cinnabar,  by  heating  it  in  contact  with  quicklime.     The  sulphur  of  the  cinnabar  com- 
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bines,  by  virtue  of  a  superior  affinity  with  the  lime,  to  the  exclusion  of  the  quicksilver, 
to  form  sulphurets  of  lime  and  calcium,  both  of  which  being  fixed  hepars,  remain  in  the 
retort  while  the  mercury  is  volatilized  by  the  heat.  In  a  few  places,  hammerschlag,  or 
the  iron  cinder,  driven  off  from  the  blooms  by  the  tilting  hammer,  has  been  used  instead 
of  lime  in  the  reduction  of  tbis  mercurial  ore,  whereby  sulphurous  acid  and  sulphuret  of 
iron  are  formed. 

The  annual  production  of  the  Bavarian  Rhine  provinces  has  been  estimated  at  from 
400  to  550  quintals  ;  that  of  Almaden,  in  the  year  1827,  was  22,000  quintals  ;  and  of 
Idria,  at  present,  is  not  more  than   1500  quintals. 

All  the  plans  hitherto  prescribed  for  distilling  the  ore  along  with  quicklime,  are  re- 
markably rude.  In  that  practised  at  Landsberg  by  Obermoschel,  there  is  a  great  Avaste 
of  labor,  in  charging  the  numerous  small  cucurbits ;  ihere  is  a  great  waste  of  fuel  in  the 
mode  of  heating  them  ;  a  great  waste  of  mercury  by  the  imperfect  luting  of  the  retorts 
to  the  receivers,  as  well  as  the  imperfect  condensation  of  the  mercurial  vapors ;  and 
probably  a  considerable  loss  by  pilfering. 

The  modes  practised  at  Almaden  and  Idria  are,  in  the  greatest  degree,  barbarous ;  the 
ores  being  heated  upon  open  arches,  and  the  vapors  attempted  to  be  condensed  by  enclo- 
sing them  within  brick  or  stone  and  mortar  walls,  which  can  never  be  rendered  either 
sufficiently  tight  or  cool. 

To  obviate  all  these  inconveniences  and  sources  of  loss,  the  proper  chemical  arrange- 
ments suited  to  the  present  improved  state  of  the  arts  ought  to  be  adopted,  by  which 
labor,  fuel,  and  mercury,  might  all  be  economized  to  the  utmost  extent.  The  only 
apparatus  fit  to  be  employed  is  a  series  of  cast-iron  cylinder  retorts,  somewhat  like 
those  employed  in  the  coal  gas  works,  but  with  peculiarities  suited  to  the  condensation 
of  the  mercurial  vapors.  Into  each  of  these  retorts,  supposed  to  be  at  least  one  foot 
square  in  area,  and  7  feet  long,  6  or  7  cwts.  of  a  mixture  of  the  ground  ore  with  the 
quicklime,  may  be  easily  introduced,  from  a  measured  heap,  by  means  of  a  shovel. 
The  specific  gravity  of  the  cinnabar  being  more  than  6  times  that  of  water,  a  cubic  foot 
of  it  will  weigh  more  than  3g  cwts.  ;  but  supposing  the  mixture  of  it  with  quicklime 
(when  the  ore  does  not  contain  the  calcareous  matter  itself)  to  be  only  thrice  the 
density  of  water,  then  four  cubic  feet  mis;ht  be  put  into  each  of  the  above  retorts,  and 
still  leave  1|  cubic  feet  of  empty  space  for  the  expansion  of  volume  which  may  take  place 
in  the  decomposition.  The  ore  should  certainly  be  ground  to  a  moderately  fine  powder, 
by  stamps,  iron  cylinders,  or  an  edge  wheel,  so  that  when  mixed  with  quicklime,  the  cin- 
nabar may  be  brought  into  intimate  contact  with  its  decomposer,  otherwise  much  of  it  will 
be  dissipated  unproductively  in  fumes,  for  it  is  extremely  volatile. 

Figs.  667,  668,  669,  represent  a  cheap  and  powerful  apparatus  which  I  contrived  at 
the  request  of  the  German  Mines  Company  of  London,  and  which  is  now  mounted  at 
Landsberg,  near  Obermoschel,  in  the  Bavarian  Rhein-Kreis. 

Fig.  667,  is  a  section  parallel  to  the  front  elevation  of  three  arched  benches  of  retorts, 
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of  the  size  above  specffied.  Each  bench  contains  3  retorts,  of  the  form  represented  by 
a  a  a.  i,  is  the  single  fire-place  or  furnace,  capable  of  giving  adequate  ignition  by 
coal  or  wood,  to  the  three  retorts.  The  retorts  were  built  up  in  an  excellant  manner, 
by  an  English  mason  perfectly  acquainted  with  the  best  modes  of  erecting  coal-gas 
retorts,  who  was  sent  over  on  purpose.  The  path  of  the  flame  and  smoke  is  precisely 
similar  to  that  represented  in  fig.  483,  page  555,  whereby  the  uppermost  retort  is 
immersed  in  a  bath  of  uniformly  ignited  air,  while  the  currents  reverberated  from  the 
top,  play  round  the  two  undermost  retorts,  in  their   way  to  the  vent-flues  beneath 
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them.  The  bottom  of  the  uppermost  retort  is  protected  from  the  direct  impulse  of  the 
flame  by  fire-tiles.  The  dotted  lines  k  k,  show  the  paths  of  the  chimneys  which  rise  at 
the  back  ends  of  the  retorts. 

In  the  section,  fig.  668,  a  is  the  body  of  the  retort ;   its  mouth  at  the  right  hand  end 
"""    '  is  shut,  as  usual,  by  a  luted  iron  lid,  secured 

with  a  cross-bar  and  screw-bolts ;  its  other 
end  is  prolonged  by  a  sloping  pipe  of  cast 
iron,  4  inches  in  diameter,  furnished  with  a 
nozzle  hole  at  l,  closed  with  a  screw  plug. 
Through  this  hole  a  wire  rammer  may 
be  introduced,  to  ascertain  that  the  tube  is 
pervious,  and  to  cleanse  it  from  the  mer- 
curial soot,  when  thought  necessary,  c,  is 
a  cross  section  of  the  main  condenser,  shown 
in  a  longitudinal  section  at  c  c,  fig.  669. 
This  pipe  is  18  inches  in  diameter,  and 
about  20  feet  long.  At  a  a,  iic,  the  back 
ends  of  the  retorts  are  seen,  with  the 
slanting  tubes  b  b,  &c.,  descending  through 
orifices  in  the  upper  surface  of  the  con- 
denser pipe,  and  dipping  their  ends  just 
below  the  water-line  h  i.  g,  is  the  cap  of 
a  water  valve,  which  removes  all  risk  from 
sudden  expansion  or  condensation.  The 
condenser  is  placed  within  a  rectangular  trough,  made  either  of  wood  or  stone,  through 
which  a  sufficient  stream  of  water  passes  to  keep  it  perfectly  cool,  and  repress  every 
trace  of  mercurial  vapor,  and  it  is  laid  with  a  slight  inclination  from  i  to  h,  so  that  the 
condensed  quicksilver  may  spontaneously  flow  along  its  bottom,  and  pass  through  the 


vertical  tube  d  into  the  locked  up  iron  chest,  or  magazine  e.  This  tube  d  is  from  the 
besinning  closed  at  bottom,  by  immersion  in  a  shallow  iron  cup,  always  filled  with  mer- 
cury, k  is  a  graduated  gauge  rod,  to  indicate  the  progressive  accumulation  of  quicksilver 
in  the  chest,  without  beingunder  the  necessity  of  unlocking  it. 

This  air-tiaht  apparatus  was  erected  about  a  year  ago,  and  has  been  found  to  act 
perfectly  well ;  I  regret,  however,  that  my  professional  engagements  at  home  have  no* 
hitherto  permitted  me  to  conduct  its  operations  personally  for  some  days.  The  average 
samples  of  cinnabar  ore  fi-om  Obermoschel  are  ten  times  poorer  than  those  of  Almaden. 
Were  such  an  apparatus  as  the  above,  with  some  slight  modifications  which  have  lately 
occurred  to  me,  mounted  for  the  Spanish  mines,  I  am  confident  that  their  produce  in 
quicksilver  might  be  nearly  doubled,  wiih  a  vast  economy  of  fuel,  labor,  and  human 
life.  The  whole  cost  of  the  9  large  retorts,  with  their  condensing  apparatus,  iron 
magazine,  &c.,  was  very  little  more  than  two  hundred  pounds  !  As  the  retorts  are  kept 
in  a  state  of  nearly  uniform  ignition,  like  those  of  the  gas  works,  neither  they  nor 
the  furnaces  are  liable  to  be  injured  in  their  joints  by  the  alternate  contractions  and 
expansions,  which  thev  would  inevitably  sufler  if  allowed  to  cool ;  and  being  always 
ready  heated  to  the  proper  pitch  for  decomposing  the  mercurial  ores,  they  are  capable 
of  working  off  a  charge,  under  skilful  management,  in  the  course  of  3  hours.  Thus, 
in  24  hours,  with  a  relay  of  laborers,  8  charges  of  at  least  5  cwts.  of  ore  each, 
might  be  smelted=2  tons,  with  3  retorts,  and  6  tons  with  9  retorts ;  with  a  daily 
product  from  the  rich  ores  of  Almaden,  or  even  Idria,  of  from  12  cwts.  to  20  cwts. 
Instead  of  3  benches  of  3  retorts  each,  I  would  recommend  15  benches,  contaming  45 
retorts,  to  be  erected  for  either  the  Almaden  or  Idria  mines ;  which,  Avhile  they  would 
smelt  all  their  ores,  could  be  got  for  a  sum  not  much  exceeding  1000/.,  an  outlay  which 
they  would  reimburse  within  a  month  or  two. 

Quicksilver  is  a  substance  of  paramount  value  to  science.  Its  great  density  and  lis 
regular  rate  of  expansion  and  contraction  by  increase  and  diminution  of  temperature, 
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give  it  the  preference  over  all  liquids  for  filling  barometric  and  Ihermomelric  tubes.  In 
chemistry  it  furnishes  the  only  means  of  collecting  and  manipulating,  in  the  pneumatic 
trough,  such  gaseous  bodies  as  are  condensable  over  water.  To  its  aid,  in  this  i-espect, 
the  modern  advancement  of  chemical  discovery  is  pre-eminently  due. 

This  metal  alloyed  with  tin-foil  forms  the  reflecting  surface  of  looking  glasses,  and  by 
its  ready  solution  of  gold  or  silver,  and  subser4uent  dissipation  by  a  moderate  heat,  it  be- 
comes the  great  instrument  of  the  arts  of  gilding  and  silvering  copper  and  brass.  The 
same  property  makes  it  so  available  in  exUacting  these  precious  metals  from  their  ores. 
The  anatomist  applies  it  elegantly  to  distend  and  display  the  minuter  vessels  of  the 
lymphatic  system,  and  secretory  systems,  by  injecting  it  with  a  syringe  thi-ough  all  theii' 
convolutions.  It  is  the  basis  of  many  very  powerful  medicines,  at  present  probably  too 
indiscriminately  used,  to  the  great  detriment  of  English  society  ;  for  it  is  far  more 
sparingly  prescribed  by  practitioners  upon  the  continent  of  Europe,  not  otherwise  superior 
in  skill  or  science  to  those  of  Great  Britain. 

The  nitrate  of  mercury  is  employed  for  the  secretage  of  rabbit  and  hare-skins,  that  is, 
for  communicating  to  the  fur  of  these  and  other  quadrupeds  the  faculty  of  felting,  which 
they  do  not  naturally  possess.  With  this  view  the  solution  of  that  salt  is  applied  to  them 
lightly  in  one  direction  with  a  sponge.  A  compound  amalgam  of  zinc  and  tin  is  probably 
the  best  exciter  which  can  be  applied  to  the  cushions  of  electrical  machines.  Mercury 
imported  for  home  consumption  in  1836,  286,808  lbs. ;  in  1837,  314,036  lbs. 

The  only  mercurial  compounds  which  are  extensively  used  in  the  arts,  are  factitious 
cinnabar  or  Vermilion,  and  corrosive  sublimate. 

MERCURY,  BICHLORIDE  OF;  Corrosive  sublimate  (Deutochlorure  de  mercure,  Fr. ; 
jjetzende.s  quecksilber  sublimat,  Germ.),  is  made  by  subliming  a  mixture  of  equal  parts  of 
persulphate  of  mercury,  prepared  as  above  described,  and  sea-salt,  in  a  stoneware  cucur- 
bit. The  sublimate  rises  in  vapor,  and  incrusts  the  globular  glass  capital  with  a  white 
mass  of  small  prismatic  needles.  Its  specific  gravity  is  5-14.  Its  taste  is  acrid,  stypto- 
metallic,  and  exceedingly  unpleasant.  It  is  soluble  in  20  parts  of  water,  at  the  ordinary 
temperature,  and  in  its  own  wei'jht  of  boiling  water.  It  dissolves  in  25  times  its  weight 
of  cold  alcohol.  It  is  a  very  deadly  poison.  Raw  white  of  egg  swallowed  in  profusion, 
is  the  best  antidote.  A  solution  cf  corrosive  sublimate  has  been  long  employed  for  pre- 
serving soft  anatomical  preparations.  By  this  means  the  corpse  of  Colonel  Morland  was 
embalmed  in  order  to  be  brought  from  the  seat  of  war  to  Paris.  His  features  remained 
unaltered,  only  his  skin  was  brown,  and  his  body  was  so  hard  as  to  sound  like  a  piece  of 
wood  when  struck  with  a  hammer. 

In  the  valuable  work  upon  the  dry  rot,  published  by  Mr.  Knowles,  secretary  of  the 
committee  of  inspectors  of  the  navy,  in  1821,  corrosive  sublimate  is  enumerated  among 
the  chemical  substances  which  had  been  prescribed  for  preventing  the  dry  rot  in  timber; 
and  it  is  well  known  that  Sir  H.  Davy  had,  several  years  before  that  date,  used  and 
recommended  to  the  Admiralty  and  Navy  Board,  corrosive  sublimate  as  an  anti-dry  rot 
application.  It  has  been  since  extensively  employed  by  a  joint-stock  company  for  the 
same  purpose,  under  the  title  of  Kyan's  patent. 

MERCURY,  PROTOCHLORIDE  OF;  Calomel;  (Prolochlorure  de  7nercure,  Fr.; 
Versiissies  quecksilber,  Germ.)  This  compound,  so  much  used  and  abused  by  medical 
practitioners,  is  commonly  prepared  by  triturating  four  parts  of  corrosive  sublimate  along 
with  three  parts  of  running  quicksilver  in  a  marble  mortar,  till  the  metallic  globules 
entirely  disappear,  with  the  production  of  a  black  powder,  which  is  to  be  put  into  a  glass 
balloon,  and  exposed  to  a  subliming  heat  in  a  sand  bath.  The  calomel,  which  rises  in 
vapor,  and  attaches  itself  in  a  crystalline  crust  to  the  upper  hemisphere  of  the  balloon, 
is  to  be  detached,  reduced  to  a  fine  powder,  or  levigated  and  elutriated.  200  lbs.  of  mer- 
cury yield  236  of  calomel  ajjd  272  of  corrosive  sublimate. 

The  following  more  economical  process  is  that  adopted  at  the  Apothecaries'  Hall, 
London.  140  pounds  of  concentrated  sulphuric  acid  are  boiled  in  a  cast  iron  pot  upon 
100  pounds  of  mercury,  till  a  dry  persulphate  is  obtained.  Of  this  salt,  124  pounds  are 
triturated  with  81  pounds  of  mercury,  till  the  globules  disappear,  and  till  a  protosulphate 
be  formed.  This  is  to  be  intimately  mixed  with  68  pounds  of  sea-salt,  and  the  mixture, 
being  put  into  a  large  stone-ware  cucurbit,  is  to  be  submitted  to  a  subliming  heat.  See 
Calomel. 

From  190  to  200  pounds  of  calomel  rise  in  a  crystalline  cake,  as  in  the  former  process, 
into  the  capital ;  while  sulphate  of  soda  remains  at  the  bottom  of  the  alembic.  The 
calomel  must  be  ground  to  an  impalpable  powder,  and  elutriated.  The  vapors,  instead 
of  being  condensed  into  a  cake  within  the  top  of  tlie  globe  or  in  a  capital,  may  be  allowed 
to  diffuse  themselves  into  a  close  vessel,  containing  water  in  a  state  of  ebullition,  where- 
by the  calomel  is  obtained  at  once  in  the  form  of  a  washed  impalpable  powder.  Calomel 
is  tasteless  and  insoluble  in  water.     Its  specific  gravity  is  7- 176. 

For  the  compound  of  mercury  with  fulminic  acid,  see  Fulminate.  Periodide  of 
mermry  is  a  bright  but  fugitive  red  pigment.     It  is  easily  prepared  by  dropping  a  solution 
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of  iodide  of  potassium  into  a  solution  of  corrosive  sublimate,  as  long  as  any  precipitation 
takes  place,  decanting  ofl"  the  supernatant  muriate  of  potash,  washing  and  drying  the 
precipitate. 

METALLURGY  (Erzktinde,  Germ.)  is  the  art  of  extracting  metals  from  their  ores. 
This  art,  which  supplies  industry  with  the  instruments  most  essential  to  its  wants,  is 
alike  dependant  upon  the  sciences  of  chemistry  and  mechanics ;  upon  the  former,  as 
directing  the  smelting  processes,  best  adapted  to  disentangle  each  metal  from  its  mineral- 
izer ;  upon  the  latter,  as  furnishing  the  means  of  grinding  the  ores,  and  separating  the 
light  stony  parts  from  the  rich  metallic  matter. 

Notwithstanding  the  striking  analogy  which  exists  between  common  chemical  and 
metallurgic  operations,  since  both  are  employed  to  insulate  certain  bodies  from  others, 
there  are  essential  ditl'erences  which  should  be  carefully  noted.  In  the  first  place,  the 
quantity  of  materials  being  always  very  great  in  metallurgy,  requires  corresponding  adap- 
tations of  apparatus,  and  often  produces  ])eculiar  phenomena  ;  in  the  second  place,  the 
agents  to  be  employed  for  treatinggreat  masses,  must  be  selected  with  a  view  to  economy, 
as  well  as  to  chemical  action.  In  analytical  chemistry,  the  main  object  being  exactness 
of  result,  and  purity  of  product,  little  attention  is  bestowed  upon  the  value  of  the  rea- 
gents, on  account  of  the  small  quantity  required  for  any  particular  piocess.  But  in 
smelting  metals  upon  the  great  scale,  profit  being  the  sole  object,  cheap  mateiials  and 
easy  operations  alone  are  admissible. 

The  metallic  ores  as  presented  by  nature,  are  almost  always  mixed  with  a  considerable 
number  of  foreisn  substances ;  and  could  not  therefore  be  advantageously  submitted  to 
metallurgic  operations,  till  they  are  purified  and  concentrated  to  a  certain  degree  bv 
various  methods. 

OF   THE    PREPARATION    OF  ORES    FOR    THE    SMELTING    HOUSE. 

There  are  two  kinds  of  preparution ;  the  one  termed  mechanical,  from  the  means  em- 
ployed, and  the  results  obtained,  consists  in  processes  for  breaking  and  grinding  the  ores, 
and  for  washing  them  so  as  to  separate  the  vein-stones,  gangues,  or  other  mixed  earthy 
matters,  in  order  to  insulate  or  concentrate  the  metallic  parts. 

Another  kind  of  preparation,  called  chemical,  has  for  its  object  to  separate,  by  means 
of  fire,  various  volatile  substances  combined  in  the  ores,  and  which  it  is  requisite  to 
clear  away,- at  least  in  a  certain  degree,  before  trying  to  extract  the  metals  they  may 
contain. 

Lastly,  an  indispensable  operation  in  several  circumstances,  is  to  discover,  by  simple 
and  cheap  methods,  called  assays,  the  quantity  of  metal  contained  in  the  difi'erent  species 
of  ores  to  be  treated. 

This  head  of  our  subject,  therefore,  falls  under  three  subdivisions: — 

§  1.  The  mechanical  preparation  of  ores,  including  picking,  stamping,  and  dififerent 
modes  of  washing. 

§  2.  The  chemical  preparation,  consisting  especially  in  the  roasting  or  calcination  of 
the  ores. 

§  3.  The  assay  of  ores,  comprehending  the  mechanical  part:  that  is,  by  washing;  the 
chemical  part,  or  assays  by  the  dry  way ;  and  the  assays  by  the  moist  way. 

Section  1.  Of  the  mechanical  prepai-ation  en-  dressing  of  ores. — I.  The  first  picking  or 
sorting  takes  place  in  the  interior,  or  underground  workings,  and  consists  in  separating 
the  fragments  of  rocks,  that  apparently  contain  no  metallic  matter,  from  those  that  con- 
tain more  or  less  of  it.  The  external  aspect  guides  this  separation  ;  as  also  the  feeling 
of  density  in  the  hand. 

The  substances,  when  turned  out  to  the  day,  undergo  another  sorting,  with  greater  or 
less  care,  according  to  the  value  of  the  included  metal.  This  operation  consists  in 
breaking  the  lumps  of  ore  with  the  hammer,  into  fragments  of  greater  or  less  size,  usually 
as  large  as  the  fist,  whereby  all  the  pieces  may  be  picked  out  and  thrown  away  that 
contain  no  metal,  and  even  such  as  contain  too  little  to  be  smelted  with  advantage. 
There  is,  for  the  most  part,  a  building  erected  near  the  output  of  the  mine,  in  which  the 
breaking  and  picking  of  the  ores  are  performed.  In  a  covered  gallery,  or  under  a  shed, 
banks  of  earth  are  thrown  up,  and  divided  into  separate  beds,  on  each  of  which  a  thick 
plate  of  cast  iron  is  laid.  On  this  plate,  elderly  workmen,  women,  and  children,  break 
the  ores  with  hand  hammers,  then  pick  and  sort  them  piece  by  piece.  The  matters  so 
treated,  are  usually  separated  into  three  parts;  1.  the  rock  or  sterile  gangue,  which  is 
thrown  away ;  2.  the  ore  for  the  stamping  mill,  which  presents  too  intimate  a  mixture 
of  rock  and  metallic  substance  to  admit  of  sepaiation  by  breaking  and  picking ;  and 
3.  the  pure  ore,  or  at  least  the  very  rich  portion,  called  the  sorted  mine  or  the  fat  ore. 
On  the  sorting  floors  there  remains  much  small  rubbish,  which  might  form  a  fourth 
eubdivision  of  ore,  since  it  is  treated  in  a  peculiar  manner,  by  sifting,  as  will  be  presently 
mentioned. 

The  distribution  of  fragments  more  or  less  rich,  in  one  class  or  another,  is  relative  to  the 
value  of  the  included  metal,  taking  into  account  the  expenses  necessary  fur  its  extrac;ion. 
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Thus  in  certain  lead  mines,  pieces  of  the  gangues  are  thrown  away,  which  judged  by  the 
eye  may  contain  3  per  cent,  of  galena,  because  it  is  known  that  the  greater  portion  of 
this  would  be  lost  in  the  washings  required  for  separating  the  97  parts  of  the  gangue, 
and  that  the  remainder  would  not  pay  the  expenses. 

II.  The  very  simple  operations  of  picking  are  common  to  almost  all  ores ;  but  there 
are  other  operations  requiring  moi-e  skill,  care,  and  expense,  which  are  employed  in  their 
final  state  of  perfection  only  upon  ores  of  metals  possessing  a  certain  value,  as  those  of 
lead,  silver,  &c.     We  allude  to  the  washing  of  ores. 

The  most  simple  and  economical  washings  are  those  that  certain  iron  ores,  particularly 
the  alluvial,  are  subjected  to,  as  they  are  found  near  the  surface  of  the  ground  aggluti- 
nated in  great  or  little  pieces.  It  is  often  useful  to  clean  these  pieces,  in  order  to  pick  out 
the  earthy  lumps,  which  would  be  altogether  injurious  in  the  furnaces. 

This  crude  washing  is  performed  sometimes  by  men  stirring  in  the  midst  of  a  stream 
of  water,  with  iron  rakes  or  shovels,  the  lumps  of  ore  placed  in  large  chests,  or  basins  of 
wood  or  iron. 

In  other  situations,  this  washing  is  executed  more  economically  by  a  machine  called 
a  huddle  or  dolly-tub  by  our  miners.  A  trough  of  wood  or  iron,  with  a  concave  bottom, 
is  filled  with  the  ore  to  be  washed.  Within  the  tub  or  trough,  arms  or  iron  handles 
are  moved  round  about,  being  attached  to  the  arbor  of  a  hydraulic  wheel.  The  trough 
is  kept  alwaj's  full  of  water,  which  as  it  is  renewed  carries  ofi"  the  earthy  matters,  diffused 
through  it  by  the  motion  of  the  machine,  and  the  friction  among  the  pieces  of  the  ore. 
When  the  washing  is  finished,  a  door  in  one  of  the  sides  of  the  trough  is  opened,  and  the 
current  removes  the  ore  into  a  more  spacious  basin,  where  it  is  subjected  to  a  kind  of 
picking.  It  is  frequently  indeed  passed  through  sieves  in  different  modes.  See  Lead  and 
Tin,  for  figures  of  buddies  and  dollies. 

III.  Stamping.  Before  describing  the  refined  methods  of  washing  the  more  valuable 
ores  of  copper,  silver,  lead,  &c.,  it  is  proper  to  point  out  the  means  of  reducing  them 
into  a  powder  of  greater  or  less  fineness,  by  stamping,  so  called  from  the  name  sta?nps  of 
the  pestles  employed  for  that  purpose.  Its  usefulness  is  not  restricted  to  preparing  the 
ores ;  for  it  is  employed  in  almost  every  smelting  house  for  pounding  clays,  charcoal, 
scoriae,   &c.       A  stamping  mill   or  pounding   machine,  Jig.   670,  consists  of   several 

moveable  pillars  of  wood  /  Z  I, 


placed  vertically,  and  supported 
in  this  position  between  frames 
of  carpentry  k  k  k.  These  pieces 
are  each  armed  at  their  under  end 
with  a  mass  of  iron  m.  An  arbor 
or  axle  a  a,  moved  by  water,  and 
turning  horizontally,  tosses  up 
these  wooden  pestles,  by  means 
of  wipers  or  cams,  which  lay 
hold  of  the  shoulders  of  the  pes- 
tles at  1 1  I.  These  are  raised  in 
succession,  and  fall  into  an  ob- 
long trough  below  m  m,  scooped  out  in  the  ground,  having  its  bottom  covered  either 
with  plates  of  iron  or  hard  stones.  In  this  trough,  beneath  these  pestles,  the  ore  to  be 
stamped  is  allowed  to  fall  from  a  hopper  above,  which  is  kept  constantly  full. 

The  trough  is  closed  in  at  the  sides  by  two  partitions,  and  includes  three  or  four  pes- 
tles ;  which  the  French  miners  call  a  battery.  They  are  so  disposed  that  their  ascent  and 
descent  take  place  at  equal  intervals  of  time. 

Usually  a  stamping  machine  is  composed  of  several  batteries  (two,  three,  or  four),  and 
the  arrangement  of  the  wipers  on  the  arbor  of  the  hydraulic  wheel  is  such  that  there  is 
constantly  a  like  number  of  pestles  lifted  at  a  time  ;  a  circumstance  important  for  main- 
taining the  uniform  going  of  the  machine. 

The  matters  that  are  not  to  be  exposed  to  subsequent  washing  are  stamped  dry,  that 
is,  without  leading  water  into  the  trough  ;  and  the  same  thing  is  sometimes  done  with  the 
rich  ores,  whose  lighter  parts  might  otherwise  be  lost. 

Most  usually,  especially  for  ores  of  lead,  silver,  copper,  &c.,  the  trough  of  the  stamper 
is  placed  in  the  middle  of  a  current  of  water,  of  greater  or  less  force :  which,  sweeping 
off  the  pounded  substances,  deposites  them  at  a  greater  or  less  distance  onwards,  in  the 
order  of  the  size  and  richness  of  the  grain  ;  constituting  a  first  washing,  as  they  escape 
from  beneath  the  pestles. 

In  the  dry  stamping,  the  fineness  of  the  powder  depends  on  the  weight  of  the  pestles, 
the  height  of  their  fall,  and  the  period  of  their  action  upon  the  ore ;  but  in  the  stampers 
exposed  to  a  stream  of  water,  the  retention  of  the  matters  in  the  trough  is  longer  or 
shorter,  according  to  the  facility  given  for  their  escape.  Sometimes  these  matters  flow 
out  of  the  chest  over  its  edges,  and  the  height  of  the  line  they  must  surmount  has  an 
influence  on  the  size  of  the  grain;  at  other  ■  mes,  the  water  and  the  pounded  mat^ 
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which  it  carries  off,  are  made  to  pass  through  a  grating,  causing  a  kind  of  sifting  at  the 
same  time.  There  are,  however,  some  differences  in  the  results  of  these  two  methods. 
Lastly,  the  quantity  of  water  that  traverses  the  trough,  as  well  as  its  velocity,  has  an 
influence  on  the  discharge  of  the  pounded  matters,  and  consequently  on  the  products  of 
the  stampers. 

The  size  of  the  particles  of  the  pounded  ore  being  different,  according  to  the  variable 
hardness  of  the  matters  which  compose  them,  suggests  the  means  of  classing  them,  and 
distributing  them  nearly  in  the  order  of  their  size  and  specific  gravity,  by  making  the 
water,  as  it  escapes  from  the  stamping  trough,  circulate  in  a  system  of  canals  called  a 
labyrinth,  where  it  deposites  successively,  in  proportion  as  it  loses  its  velocity,  the  earthy 
and  metallic  matters  it  had  floated  along.  These  metalliferous  portions,  especially  when 
they  have  a  great  specific  gravity  like  galena,  would  be  deposited  in  the  first  passages, 
were  it  not  that  from  their  hardness  being  inferior  to  that  of  the  gangtie,  they  are  reduced 
to  a  much  finer  powder,  or  into  thin  plates,  which  seem  to  adhere  to  both  the  watery  and 
earthy  particles ;  whence  they  have  to  be  sought  for  among  the  finest  portions  of  the  pul- 
verized gangue,  called  slime,  schltch,  or  schlamme. 

There  are  several  methods  of  conducting  the  stamps;  in  reference  to  the  size  of  the 
grains  wished  to  be  obtained,  and  which  is  previously  determined  agreeably  to  the 
nature  of  the  ore,  and  of  the  gangue ;  its  richness,  &c.  The  height  of  the  slit  that 
lets  the  pounded  matters  escape,  or  the  diameters  of  the  holes  in  the  grating,  their  distance, 
the  quantity  of  water  flowing  in,  its  velocity,  &c.,  modify  the  result  of  the  stamping  oper- 
ation. 

When  it  is  requisite  to  obtain  powder  of  an  extreme  fineness,  as  for  ores  that  are  to  be 
subjected  to  the  process  of  amalgamation,  they  are  passed  under  millstones,  as  in  common 
torn  mills  ;  and  after  grinding,  they  are  bolted  so  as  to  form  a  species  of  flour  ;  or  they 
are  crushed  between  rolls.     See  Lead  and  Tin. 

Washing  of  ores. 

IV.  The  ores  pounded  under  the  stamps  are  next  exposed  to  very  delicate  operations, 
both  tedious  and  costly,  which  are  called  the  washings.  Their  purpose  is  to  separate 
mechanically  the  earthy  matters  from  the  metallic  portion,  which  must  therefore  have  a 
much  higher  specific  gravity;  for  otherwise,  the  washing  would  be  impracticable. 

The  medium  employed  to  diminish  the  difference  of  specific  gravity,  and  to  move  along 
the  lightest  matters,  is  water ;  which  is  made  to  flow  with  greater  or  less  velocity  and 
abundance  over  the  schlich  or  pasty  mud  spread  on  a  table  of  various  inclination. 

But  as  this  operation  always  occasions,  not  only  considerable  expense,  but  a  certain 
loss  of  metal,  it  is  right  to  calculate  what  is  the  degree  of  richness  below  which  washing 
is  unprofitable ;  and  on  the  other  hand,  what  is  the  degree  of  purification  of  the  schlich  at 
which  it  is  proper  to  stop,  because  too  much  metal  would  be  lost  comparatively  with  the 
expense  of  fusing  a  small  additional  quantity  of  gangue.  There  cannot,  indeed,  be  any 
fixed  rule  in  this  respect,  since  the  elements  of  these  calculations  vary  for  every  work. 

Before  describing  the  different  modes  of  washing,  we  must  treat  of  the  sifting  or 
riddling,  whose  purpose,  like  that  of  the  labyrinth  succeeding  the  stamps,  is  to  distribute 
and  to  separate  the  ores  (which  have  not  passed  through  the  water  stamps)  in  the  order 
of  the  coarseness  of  grain.  This  operation  is  practised  particularly  upon  the  debris  of 
the  mine,  and  the  rubbish  produced  in  brealdng  the  ores.  These  substances  are  put  into 
a  riddle,  or  species  of  round  or  square  sieve,  whose  bottom  is  formed  of  a  grating  instead 
of  a  plate  of  metal  pierced  with  holes.  This  riddle  is  plunged  suddenly  and  repeatedly 
into  a  tub  or  cistern  filled  with  water.  This  liquid  enters  through  the  bottom,  raises  up 
the  mineral  particles,  separates  them  and  keeps  them  suspended  for  an  instant,  after 
which  they  fill  down  in  nearly  the  order  of  their  specific  gravities,  and  are  thus  classed 
with  a  certain  degree  of  regularity.  The  sieve  is  sometimes  dipped  by  the  immediate 
effort  of  the  washer  ;  sometimes  it  is  suspended  to  a  swing  which  the  workman  moves  ; 
in  order  that  the  riddling  may  be  rightly  done,  the  sieve  should  receive  but  a  single 
movement  from  below  upwards  ;  in  this  case  the  ore  is  separated  from  the  gangue,  and 
if  there  be  different  specific  gravities,  there  are  formed  in  the  sieve  as  many  distinct  strata, 
which  the  workman  can  easily  take  out  with  a  spatula,  throwing  the  upper  part  away 
when  it  is  too  poor  to  be  re-sifted.  This  operation  by  the  hand-sieve,  is  called  riddling 
in  the  tub,  or  riddling  by  deposite. 

We  may  observe,  that  during  the  sifting,  the  particles  which  can  pass  across  the  holes 
of  the  bottom,  fall  into  the  tub  and  settle  down  there ;  whence  they  are  afterwards  gath- 
ered out,  and  exposed  to  washing  when  they  are  worth  the  trouble. 

Sometimes,  as  at  Poulliiouen,  the  sieves  are  conical,  and  held  by  means  of  two  handles 
by  a  workman  ;  and  instead  of  receiving  a  single  movement,  as  in  the  preceding  method, 
the  sifter  himself  gives  them  a  variety  of  dexterous  movements  in  succession.  His  object 
is  to  separate  the  poor  portions  of  the  ore  from  the  richer ;  in  order  to  subject  the  former 
to  the  stamp  mill. 

Among  the  siftings  and  washings  which  ores  are  made  to  undergo,  we  must  notice  a 
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among  the  most  useful  and  ingenious,  those  practised  by  iron  gratings,  called  on  the  Con- 
tinent grilles  anglaises,  and  the  step-washings  of  Hungary,  laveries  a  gradins.  These 
methods  of  freeing  the  ores  from  the  pulverulent  earthy  matters,  consist  in  placing  them, 
at  their  out-put  from  the  mine,  upon  gratings,  and  bringing  over  them  a  stream  of  water, 
which  merely  takes  down  through  the  bars  the  small  fragments,  but  carries  ofl'  the  pulver- 
ulent portions.  The  latter  are  received  in  cisterns,  where  they  are  allowed  to  rest  Ions 
enough  to  settle  to  the  bottom.  The  washing  by  steps  is  an  extension  of  the  preceding 
plan.  To  form  an  idea,  let  us  imagine  a  series  of  grates  placed  successively  at  different 
levels,  so  that  the  water,  arriving  on  the  highest,  where  the  ore  for  washing  lies,  carries 
off  a  portion  of  it,  through  this  first  grate  upon  a  second  closer  in  its  bars,  thence  to  a 
third,  &c.,  and  finally  into  labyrinths  or  cisterns  of  deposition. 

The  grilles  anglaises  are  similar  to  the  sleeping  tables  used  at  Idria.     The  system  of  these 
en  gradins  is  represented  in  fig.  671.     There  are  5  such  systems  in  the  works  at  Idria,  for 
671  pjf 


the  sorting  of  the  small  morsels  of  quicksilver  ore,  intended  for  the  stamping  mill.  These 
fragments  are  but  moderately  rich  in  metal,  and  are  picked  up  at  random,  of  various  sizes, 
from  that  of  the  fist  to  a  grain  of  dust. 

These  ores  are  placed  in  the  chest  a,  below  the  level  of  which  7  grates  are  distributed, 
so  that  the  fragments  which  pass  through  the  first  b,  proceed  by  an  inclined  conduit  on  to 
the  second  grate  c,  and  so  in  succession.  (See  the  conduits  1,  o,  p).  In  front,  and  on  a 
level  with  each  of  the  grates  b,  c,  d,  &c.,  a  child  is  stationed  on  one  of  the  floors,  1,  2  3, 
to  7. 

A  current  of  water,  which  falls  into  the  chest  a,  carries  the  fragments  of  ore  upon  the 
grates.  The  pieces  which  remain  upon  the  two  grates  6  and  c,  ai-e  thrown  on  the  adjoin- 
ing table  I',  where  they  undergo  a  sorting  by  hand;  there  the  pieces  are  classified,  1.  into 
gangue  to  be  thi-own  away  ;  2.  into  ore  for  the  stamp  mill;  3.  into  ore  to  be  sent  directly 
to  the  furnace.  The  pieces  which  remain  on  each  of  the  succeeding  grates,  d,  e,f,  g,  h, 
are  deposited  on  those  of  the  floors  3  to  7,  in  front  of  each.  Before  every  one  of  these 
shelves  a  deposite-sieve  is  established,  (see  t,  u,)  and  the  workmen  in  charge  of  it  stand 
in  one  of  the  corresponding  boxes,  marked  8  to  12.  The  sieve  is  represented  only  in  front 
of  the  chest  h,  for  the  sake  of  clearness. 

Each  of  the  workmen  placed  in  8,  9,  10,  11,  12,  operates  on  the  heap  before  him;  the 
upper  layer  of  the  deposite  formed  in  his  sieve,  is  sent  to  the  stamping  house,  and  the  in- 
ferior layer  directly  to  the  furnace. 

As  to  the  grains  which,  after  traversing  the  five  grates,  have  arrived  at  the  chest  x, 
they  ai"e  washed  in  the  two  chests  i/,  which  are  analogous  to  the  German  chests  to  be 
presently  described.  The  upper  layer  of  what  is  deposited  in  y  is  sent  to  the  furnace  ; 
the  rest  is  treated  anew  on  three  tables  of  percussion,  similar  to  the  English  brake-sieves, 
also  to  be  presently  described. 

AfYer  several  successive  manipulations  on  these  tables,  an  upper  stratum  of  schlich  is 
obtained  fit  for  the  furnace ;  an  intermediate  stratum,  which  is  washed  anew  by  the  same 
process;  and  an  inferior  stratum,  that  is  sent  to  the  system  of  stamps,  yig.  672. 
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This  figure  represents  the  general  ground  plan  of  a  stamping  and  washing  mill.  The 
stamps  F  are  composed  of  two  batteries  similar  to  fig.  670.  The  ore  passes  in  succession 
under  three  pestles  of  cast  iron,  each  of  which  is  heavier  the  nearer  it  is  to  the  sieve 
through  which  the  saml  or  pounded  matter  escapes. 

In  the  upper  part  of  the  figure  we  see  issuing  from  the  stamps,  two  conduits  destined 
to  receive  the  water  and  the  metalliferous  sand  with  which  it  is  loaded.  The  first,  marked 
F,  s,  IV,  is  used  only  when  a  certain  quality  of  ore  is  stamped,  richer  in  metal  than  is 
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usually  treated  by  means  of  the  second  conduit,  the  first  being  closed.  The  second  con- 
duit, or  that  employed  for  ordinary  manipulation  when  the  other  is  shut,  is  indicated  by 
F,  0-7,  B  ;  then  by  0-58  and  0*29.  These  numbers  express  the  depth  of  the  corresponding 
portions  of  this  conduit.  From  f  to  b,  the  conduit  or  water-course  is  divided  into  three 
portions  much  shallower,  called  the  rich  condtut,  the  middle  conduit,  and  the  inferior. 
Beyond  the  basin  b,  the  conduit  takes  the  name  of  labyrinth.  There  the  muddy  sedi- 
ments of  ore  are  deposited ;  being  the  finer  the  further  they  are  from  the  stamps  F. 
Darts  indicate  the  direction  of  the  stream  in  the  labyrinth.  On  the  German  chests,  placed 
at  3,  the  sand  derived  from  the  rich  and  middle  conduits  is  treated,  in  order  to  obtain 
three  distinct  qualities  of  schlich,  as  already  mentioned,  p  is  a  cloth-covered  table,  for 
treating  the  deposite  of  the  German  chests  at  3.  m  n  are  two  sweep  tables  (d  balai),  for 
treating  the  ore  collected  in  the  lower  conduit,  which  precedes  the  midmost  of  the  three 
German  chests.  Upon  the  three  similar  tables  r  t  v,  are  treated  in  like  manner  the  muddy 
deposites  of  the  labyrinth,  which  forms  suite  to  three  parallel  German  chests  situated  at  3, 
not  shown  for  want  of  room  in  the  figure,  but  connected  in  three  rectangular  zigzags 
with  each  other,  as  well  as  by  a  transverse  branch  to  the  points  0-7  and  p.  At  the  upper 
part  of  these  five  sweep  tables,  the  materials  which  are  to  undergo  washing  are  agitated 
in  two  boxes  o  o,  by  small  paddle-wheels. 

We  shall  now  describe  the  percussion-tables  used  in  the  Hartz,  for  treating  the  sand  of 
ore  obtained  from  liie  conduits  represented  above. 

Figs.  673,  674,   and  675,  exhibit  a  plan,  a  vertical  section,  and  elevation,  of  one 

of  these  tables,  taken  in  the 
direction  of  its  length.  The 
arbor  or  great  shaft  in  prolonga- 
tion from  the  stamps  mill,  is 
shown  in  section  perpendicularly 
to  its  axis,  at  a.  The  cams  or 
wipers  are  sliown  round  its  cir- 
cumference, one  of  them  having 
just  acted  on  n. 

These  cams,  by  the  revolu- 
tion of  the  arbor,  cause  the 
alternating  movements  of  a 
horizontal  bar  of  wood  o,  u, 
which  strikes  at  the  point  u 
against  a  table  d,  b,  c,  u.  This 
table  is  suspended  by  two  chains 
/,  at  its  superior  end,  and  by 
two  rods  at  its  lower  end. 
After  having  been  pushed  by 
the  piece  o,  u,  it  rebounds  to 
strike  against  a  block  or  bracket 
B.  A  lever  /),  q,  serves  to  adjust 
the  inclination  of  the  moveable 
table,  the  pivots  q  being  points 
of  suspension. 

The  ore-sand  to  be  washed, 
is  placed  in  the  chest  a,  into 
which  a  current  of  water  runs. 
The  ore  floated  onwards  by  the 
water,  is  carried  through  a 
sieve  on  a  sloping  small  table 
X,  under  which  is  concealed 
the  higher  end  of  the  moveable 
table  d,  b,  c,  u  ;  and  it  thence 
falls  on  this  table,  diffusing  itself 
uniformly  over  its  surface.  The 
particles  deposited  on  this  table 
form  an  oblong  talus  (slope) 
upon  it ;  the  successive  per- 
cussions that  it  receives,  deter- 
mine the  weightier  matters,  and 
consequently  those  richest  in 
metal,  to  accumulate  towards 
its  upper  end  at  u.  Now  the 
workman  by  means  of  the  lever 
p,  raises  the  lower  end  d  a  little 
in  order  to  presen'e   the  same 
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degree  of  inclination  to  the  surface  on  which  the  deposite  is  strewed.  According  as  the 
substances  are  swept  along  by  the  water,  he  is  careful  to  remove  them  from  the  middle 
of  the  table  towards  the  top,  by  means  of  a  wooden  roller.  With  this  intent,  he  walks  on 
the  table  d  bcu,  where  the  sandy  sediment  has  sufficient  consistence  to  bear  him.  When 
the  table  is  abundantly  charged  with  the  washed  ore,  the  deposite  is  divided  into  thi-ee 
bands  or  segments  d  b,  b  c,  c  u.  Each  of  these  bands  is  removed  separately  and  thrown 
into  the  particular  heap  assigned  to  it.  Every  one  of  the  heaps  thus  formpd  becomes 
afterwards  the  object  of  a  separate  manipulation  on  a  percussion  table,  but  always  accord- 
ing to  the  same  procedure.  It  is  sufficient  in  general  to  pass  twice  over  this  table  the  mat- 
ters contained  in  the  heap,  proceeding  from  the  superior  band  c  u,  in  order  to  obtain  a  pure 
schlich  ;  but  the  heap  proceeding  from  the  intermediate  belt  b  c,  requires  always  a  greater 
number  of  manipulations,  and  the  lower  band  d  b  still  more.  These  successive  manipu- 
lations are  so  associated  that  eventually  each  heap  furnishes  pure  schlich,  which  is  obtained 
from  the  superior  band  c  u.  As  to  the  lightest  particles  which  the  water  sweeps  away 
beyond  the  lower  end  of  the  percussion  table,  they  fall  into  conduits ;  whence  they  are 
lifted  to  undergo  a  new  manipulation. 

Fig.  676  is  a  profile  of  a  plan  which  has  been  advantageously  substituted,  in  the 
Hartz,  for  that  part  of  the  preceding  apparatus  which  causes  the  jolt  of  the  piece  o  u 
against  the  table  d  b  c  u.  By  means  of  this  plan,  it  is  easy  to  vary,  according  to  the 
circumstances  of  a  manipulation  always  delicate,  the  force  of  percussion  which  a  bar 
X  y,  ought  to  communicate  by  its  extremity  ij.  With  this  view,  a  slender  piece  of  wood 
u  is  made  to  slide  in  an  upright  piece,  v  x,  adjusted  upon  an  axis  at  v.  To  the  piece  u 
a  rod  of  iron  is  connected,  by  means  of  a  hinge  z  ;  this  rod  is  capable  of  entering  more 
or  less  into  a  case  or  sheath  in  the  middle  of  the  piece  v  x,  and  of  being  stopped  at  the 
proper  point,  by  a  thumb-screw  which  presses  against  this  piece.  If  it  be  wished  to 
increase  the  force  of  percussion,  we  must  lower  the  point  z  ;  if  to  diminish  it,  we  must 
raise  it.     In  the  first  case,  the  extremity  of  the  piece  u,  advances  so  much  further  under 
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the  cam  of  the  driving  shaft  t ;  in  the  second,  it  goes  so  much  less  forwards;  whereby 
the  adjustment  is  produced. 

Figs.  677  and  678  represent  a  complete  system  of  sleeping  tables,  tables  dormantes : 
678  such      as    are     mounted    in    Idria, 

Fig.  678  is  the  plan,  and  fig.  677  a 
vertical  section.  The  mercurial  ores, 
reduced  to  a  sand  by  stamps  like 
those  of  fig.  672,  pass  into  a  series 
of  conduits  a  a,  b  b,  c  c,  which  form 
three  successive  floors  below  the  level 
of  the  floor  of  the  works.  The  sand 
taken  out  of  these  conduits  is  thrown 
into  the  cells  q ;  whence  they  are 
transferred  into  the  troush  e,  and 
water  is  run  upon  them  by  turning 
two  stopcocks  for  each  trough.  The 
sand  thus  diffused  upon  each  table, 
runs  off  with  the  water  by  a  groove  /,  comes  upon  a  sieve  /;,  spreads  itself  upon  the 
board  g,  and  thence  falls  into  the  slanting  chest,  or  sleepins;  table  i  k.  The  under  surface 
k  of  this  chest  is  pierced  with  holes,  which  may  be  stopped  at  pleasure  with  wooden 
plugs.  There  is  a  conduit  m,  at  the  lower  end  of  each  table,  to  catch  the  light  par- 
ticles carried  off  by  the  water  out  of  the  chest  i  k,  throua;h  the  holes  properly  opened, 
while  the  denser  parts  are  deposited  upon  the  bottom  of  this  chest.  A  general  conduit 
n  passes  across  at  the  foot  of  all  the  chests  i  k  ;  it  receives  the  refuse  of  the  washing 
operations. 

Fig.  679  is  a  set  of  stamping  and  washing  works  for  the  ores  of  argentiferous  galena, 
as  mounted  at  Bockwiese,  in  the  district  of  Zellerfeldt,  in  the  Hartz. 

A  is  the  stamp  mill  and  its  subsidiary  parts ;  among   which  are  a,  the  drivin"  o 
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main  -  shaft ;  b,  the  overshot  water-wheel ;  c  c,  six  strong  rings  or  hoops  of  cast  iron, 
for  receiving  each  a  cam  or  tappet ;  g,  the  brake  of  the  machine ;  k,  k,  k,  the  three 

standards  of  the  stamps  ;  1 1,  &c.  six  pestles  of  pine 
wood,  shod  with  lumps  of  cast  iron.  There  are 
two  chests,  out  of  which  the  ore  to  be  ground  falls 
spontaneously  into  the  two  troughs  of  the  stamps. 
Of  late  years,  however,  the  ore  is  mostly  supplied 
by  hand ;  the  water-course  terminates  a  short  dis- 
tance above  the  middle  of  the  Avheel  6.  There  is 
a  stream  of  water  for  the  service  of  the  stamps, 
and  conduits  proceeding  from  it,  to  lead  the  water 
into  the  two  stamp  troughs ;  the  conduit  of  dis- 
charge is  common  to  the  two  batteries  or  sets  of 
stamps  through  which  the  water  carries  oft'  the 
sand  or  stamped  ore.  There  is  a  moveable  table 
of  separation,  mounted  with  two  sieves.  The 
sands  pass  immediately  into  the  conduit  placed 
upon  a  level  with  the  floor,  and  separated  into 
two  compartments,  the  first  of  which  empties  its 
water  into  the  second.  There  are  two  boards  of 
separation,  or  tables,  laid  upon  the  ground,  with 
a  very  slight  slope  of  only  15  inches  from  their 
top  to  their  bottom.  Each  of  these  boards  is 
divided  into  four  cases  with  edges;  the  whole 
being  arranged  so  that  it  is  possible,  by  means  of 
a  flood-gate  or  sluice,  to  cause  the  superfluous 
water  of  the  case  to  pass  into  the  following  ones. 
Thus  the  work  can  go  on  without  interruption, 
and  alternately  upon  the  two  boards.  There  are 
winding  canals  in  the  labyrinth,  n,  n,  n,  in  which 
are  deposited  the  particles  carried  along  by  the 
water  wliich  has  passed  upon  the  boards.  The  depth 
of  these  canals  gradually  increases  from  12  to  20 
mches,  to  give  a  suitable  descent  for  maintaining 
the  water-flow.  At  d,  two  percussion  tables  are 
placed.  F  G  are  two  German  chests.  H  J  are  two 
percussion  tables,  which  are  driven  by  the  cams  z  z, 
fixed  upon  the  main  shaft  x  y.  K  k'  are  two  sloping 
sweep  tables  {a  balai). 

The  German  chests  are  rectangular,  being 
about  3  yards  long,  half  a  yard  broad,  with  edges 
half  a  yard  high ;  and  their  inclination  is  such 
that  the  lower  end  is  about  15  inches  beneath 
the  level  of  the  upper.  At  their  upper  end, 
usually  called  the  boisler,  a  kind  of  trough  or 
box,  without  any  edge  at  the  side  next  the  chest,  is  placed,  containing  the  ore  to  be  washed. 
The  water  is  allowed  to  fall  upon  the  bolster  in  a  thin  sheet. 

The  sleeping  tables  have  upright  edges  ;  they  are  from  4  to  5  yards  long,  nearly  2  yards 
wide,  and  have  fully  a  yard  of  inclination. 

The  precedin?  tables  are  sometimes  covered  with  cloth,  particularly  in  treating  ores 
that  contain  cold,  on  a  supposition  that  the  woollen  or  linen  fibres  would  retain  more 
surely  the  metallic  particles ;  but  this  method  appears  on  trial  to  merit  no  confidence,  for 
it  produces  a  very  impure  schlich. 

Fig.  680  is  a  swins-sieve  employed  in  the  Hartz,  for  sifting  the  small  fragments  of 
Such  an  apparatus  is  usually  set  up  in  the  outside  of 
a  stamp  and  washing  mill;  its  place  being  denoted 
by  the  letter  a,  in^^g.  672.  The  two  moveable  chests  or 
boxes  A  B,  of  the  sieve,  are  connected  together,  at  their 
lower  ends,  with  an  upright  rod,  which  terminates  at 
one  of  the  arms  of  a  small  balance  beam,  mounted  be- 
tween the  driving  shaft  of  the  stamps  and  the  sieve, 
perpendicularly  to  the  length  of  both.  The  opposite 
arm  of  this  beam  carries  another  upright  rod,  which 
ears  (cams  or  inentonneis),  placed  on  purpose  upon  the 
driving  shaft,  may  push  down.  During  this  move- 
ment the  tv.i)  lower  ends  A,  B,  are  raised;  and  when  the  peg-cam  of  the  shaft  quits  the 
rod  whicli  it  had  depressed,  the  swing  chests  fall  by  theii-  own  weight.     Thus  thev 
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Eire  made  to  vibrate  alternately  upon  their  axes.  The  small  ore  is  put  into  the  upper 
part  of  the  chest  a,  over  which  a  stream  of  water  falls  from  an  adjoining  conduit.  The 
fragments  which  cannot  pass  through  a  cast  iron  grid  in  the  bottom  of  that  chest,  are 
sorted  by  hand  upon  a  table  in  front  of  A,  and  they  are  classed  by  the  workman,  either 
among  the  ores  to  be  stamped,  whether  dry  or  wet,  or  among  the  rubbish  to  be  thrown 
awa)^,  or  among  the  copper  ores  to  be  smelted  by  themselves.  As  to  the  small  particles 
which  fall  through  the  grid  upon  the  chest  b,  supplied  also  with  a  stream  of  water,  they 
descend  successively  upon  two  other  brass  wire  sieves,  and  also  through  the  iron  wire  r, 
in  the  bottom  of  b. 

In  certain  mines  of  the  Hartz,  tables  called  ci  balais,  or  sweeping  tables,  are  employed. 
The  whole  of  the  process  consists  in  letting  flow,  over  the  sloping  table,  in  successive 
currents,  water  charged  with  the  ore,  Avhich  is  deposited  at  a  less  or  greater  distance,  as 
also  pure  water  for  the  purpose  of  washing  the  deposited  ore,  afterwards  carried  off  by 
means  of  this  sweeping  operation. 

At  the  upper  end  of  these  sweep-tables,  the  matters  for  washing  are  agitated  in  a 
chest,  by  a  small  wheel  with  vanes,  or  flap-boards.  The  conduit  of  the  muddy  waters 
opens  above  a  little  table  or  shelf;  the  conduit  of  pure  water,  which  adjoins  the  preceding, 
opens  below  it.  At  the  lower  part  of  each  of  these  tables,  there  is  a  transverse  slit,  cov- 
ered by  a  small  door  with  hinges,  opening  outwardly,  by  falling  back  towards  the  foot  of 
the  table.  The  water  spreading  over  the  table,  may  at  pleasure  be  let  into  this  slit,  by 
raising  a  bit  of  leather  which  is  nailed  to  the  table,  so  as  to  cover  the  sm.all  door  when  it 
is  in  the  shut  position ;  but  when  this  is  opened,  the  piece  of  leather  then  hangs  down 
into  it.  Otherwise  the  water  may  be  allowed  to  pass  freely  above  the  leather,  when  the 
door  is  shut.  The  same  thing  may  be  done  with  a  similar  opening  placed  above  the  con- 
duit. By  means  of  these  two  slits,  two  distinct  qualities  ofschlick  may  be  obtained,  which 
are  deposited  into  two  distinct  conduits  or  canals.  The  refuse  of  the  operation  is  turned 
into  another  conduit,  and  afterwards  into  ulterior  reservoirs,  whence  it  is  lifted  out  to  un- 
dergo a  new  washing. 

In  the  percussion  tables,  the  water  for  Avashing  the  ores  is  sometimes  spread  in  slender 
streamlets,  sometimes  in  a  full  body,  so  as  to  let  two  cubic  feet  escape  per  minute.  The 
number  of  shocks  communicated  per  minute,  varies  from  15  to  36 ;  and  the  table  may  be 
pushed  out  of  its  settled  position  at  one  time,  three  quarters  of  an  inch,  at  another  nearly 
8  inches.  The  coarse  ore-sand  requires  in  general  less  water,  and  less  slope  of  table,  than 
(he  fine  and  pasty  sand. 

The  mechanical  operations  which  ores  undergo,  take  place  commonly  at  their  out-put 
from  the  mine,  and  without  any  intermediate  operation.  Sometimes,  however,  the  hard- 
ness of  certain  gangues  (vein-stones),  and  of  certain  iron  ores,  is  diminished  by  subjecting 
them  to  calcination  pi^eviously  to  the  breaking  and  stamping  processes. 

When  it  is  intended  to  wash  certain  ores,  an  operation  founded  on  the  difference  of  their 
specific  gravities,  it  may  happen  that  by  slightly  changing  the  chemical  state  of  the  sub- 
stances that  compose  the  ore,  the  earthy  parts  may  become  more  easily  separable,  as  also 
the  other  foreign  matters.  With  this  view,  the  ores  of  tin  are  subjected  to  a  roasting, 
which  by  separating  the  arsenic,  and  oxydizing  the  copper  which  are  intermixed,  furnishes 
the  means  of  obtaining,  by  the  subsequent  washing,  an  oxyde  of  tin  much  purer  than  could 
be  otherwise  procured.  In  general,  however,  these  are  rare  cases  ;  so  that  the  washing 
almost  always  immediately  succeeds  the  picking  and  stamping  ;  and  the  roasting  comes 
next,  when  it  needs  to  be  employed. 

The  operation  of  roasting  is  in  general  executed  by  various  processes,  relatively  to  the 
nature  of  the  ores,  the  quality  of  the  fuel,  and  to  the  object  in  view.  The  greatest 
economy  ought  to  be  studied  in  the  fuel,  as  well  as  the  labor ;  two  most  important  cir- 
cumstances, on  account  of  the  great  masses  operated  upon. 

Three  principal  methods  may  be  distinguished  ;  1.  the  roasting  in  a  heap  in  the  open 
air,  the  most  simple  of  the  whole ;  2.  the  roasting  executed  between  little  walls,  and 
which  may  be  called  case-roasting  (rost-stadeln,  in  Gez-man) ;  and  3.  roasting  in 
furnaces. 

We  may  remark,  as  to  the  description  about  to  be  given  of  these  different  processes, 
that  in  the  first  two,  the  fuel  is  always  in  immediate  contact  with  the  ore  to  be  roasted, 
whilst  in  furnaces,  this  contact  may  or  may  not  take  place. 

1.  The  roasting  in  the  open  air,  and  in  heaps  more  or  less  considerable,  is  practised 
upon  iron  ores,  and  such  as  are  pyritous  or  bituminous.  The  operation  consists  in  general 
in  spreading  over  a  plane  area,  often  bottomed  with  beaten  clay,  billets  of  wood  arranged 
like  the  bars  of  a  gridiron,  and  sometimes  laid  crosswise  over  one  another,  so  as  to  form  a 
uniform  flat  bed.  Sometimes  wood  charcoal  is  scattered  in,  so  as  to  fill  up  the  interstices, 
and  to  prevent  the  ore  from  falling  between  the  other  pieces  of  the  fuel.  Coal  is  also 
employed  in  moderately  small  lumps  ;  and  even  occasionally  turf.  The  ore,  either  simply 
broken  into  pieces,  or  even  sometimes  under  the  form  of  schlich,  is  piled  up  over  the  fuel ; 
most  usually  alternate  beds  of  fuel  and  ore  are  formed.   * 
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The  fire,  kindled  in  general  at  the  lower  part,  but  sometimes,  however,  at  the  middle 
chimne)',  spreads  from  spot  to  spot,  putting:  the  operation  in  train.  The  combustion 
must  be  so  conducted  as  to  be  slow  and  suHocaled,  to  prolong  the  ustulation,  and  let  the 
whole  mass  be  equably  penetrated  with  heat.  I'he  means  employed  to  direct  the  fire, 
are  to  cover  outwardly  with  earth  the  portions  where  too  much  activity  is  displayed, 
and  to  pierce  with  holes  or  to  give  air  to  those  where  it  is  imperfectly  developed.  Rains, 
winds,  variable  seasons,  and  especially  good  primary  arrangements  of  a  calcination,  have 
much  influence  on  this  process,  which  requires,  besides,  an  almost  incessant  inspection  at 
the  beginning. 

Nothing  in  general  can  be  said  as  to  the  consumption  of  fuel,  because  it  varies  with 
its  quality,  as  well  as  with  the  ores  and  the  purpose  in  view.  But  it  may  be  laid  down 
as  a  good  rule,  to  employ  no  more  fuel  than  is  strictly  necessary  for  the  kind  of  calci- 
nation in  hand,  and  for  supporting  the  combustion ;  for  an  excess  of  fuel  would  produce, 
besides  an  expense  uselessly  incurred,  the  inconvenience,  at  times  very  serious,  of  such 
a  heat  as  may  melt  or  vitrify  the  ores ;  a  result  entirely  the  reverse  of  a  well-conducted 
ustulation. 

Figs.  681,  682,  683,  represent  the  roasting  in  mounds,  as  practised  near  Goslar  in  the 
681  682 
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Hartz,  and  at  Chessy  in  the  department  of  the  Rhone.  Fig.  681  is  a  vertical  section 
in  the  line  h  c  of  figs.  682  and  683.  In  fig.  682  there  is  shown  in  plan,  only  a  little 
more  than  one  half  of  the  quadrangular  truncated  pyramid,  which  constitutes  the  heap. 
Fig.  683  shows  a  little  more  than  one  fourth  of  a  bed  of  wood,  arranged  at  the  bottom 
of  the  pyramid,  as  shown  by  a  a,  fig.  681,  and  c  g  h,  fig.  683.     c  is  a  wooden  chimney, 

formed  within  the  heap  of  ore,  at  whose  bottom  c 
there  is  a  little  parcel  of  charcoal ;  d  d  are  large 
lumps  of  ore  distributed  upon  the  wooden  pile 
a  a ;  e  e  arc  smaller  fragments,  to  cover  the  larger; 
f  f  is  rubbish  and  clay  laid  smoothly  in  a  slope 
over  the  whole,  g,  fig.  683,  a  passage  for  air 
left  under  the  bed  of  billets ;  of  which  there  is 
a  similar  one  in  each  of  the  four  sides  of  the  base 
a  a,  so  that  two  principal  currents  of  air  cross  under 
the  upright  axis  c  c,  of  the  truncated  pyramid  indi- 
cated in  fig.  681. 

The  kindling   is  thrown  in  by  the  chimney  c. 
The  charcoal  c,  and  the  wood  a  a,  take  fire ;  the 
sulphureous  ores  d  e  f  are  heated  to  such  a  high 
temperature  as  to  vaporize  the  sulphur.     In  the 
Lower  Hartz,  a  heap  of  this  kind  continues  roasting  during  four  months. 

2.  The  second  method.  The  difficulty  of  managing  the  fire  in  the  roasting  of  sub- 
stances containing  little  sulphur,  with  the  gieater  difficulty  of  arranging  and  supporting 
in  their  place  the  schlichs  to  be  roasted,  and  last  of  all,  the  necessity  of  giving  successive 
fires  to  the  same  ores,  or  to  inconsiderable  quantities  at  a  time,  have  led  to  the  contrivance 
of  surrounding  the  area  on  which  the  roasting  takes  place  with  three  little  walls,  or  with 
four,  leaving  a  door  in  the  one  in  front.  This  is  what  is  called  a  trailed  area,  and  some- 
times, improperly  enough,  a  roasting  furnace.  Inside  of  these  little  walls,  about  3  feet 
high,  there  are  often  vertical  conduits  or  chimneys  made  to  correspond  with  an  opening 
on  the  ground  level,  in  order  to  excite  a  draught  of  air  in  the  adjacent  parts.  When  the 
roastin?  is  once  set  agoing,  these  chimneys  can  be  opened  or  shut  at  their  upper  ends,  ac- 
cording to  the  necessities  of  the  process. 

Several  such  furnaces  are  usually  erected  in  connexion  with  each  other  by  their  lateral 
walls,  and  all  terminated  by  a  common  wall,  which  forms  their  posterior  part ;  sometimes 
they  are  covered  with  a  shed  supported  partly  by  the  back  wall,  built  sufficiently  high  for 
this  purpose.  These  dispositions  are  suitable  for  the  roasting  of  schlichs,  and  in  general 
of  all  matters  which  are  to  have  several  fires  ;  a  circumstance  often  indispensable  to  a 
due  separation  of  the  sulphur,  arsenic,  &c. 

3    The  furnaces  employed  for  roasting  the  ores  and  the  mattes  differ  much,  according 
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to  the  nature  of  the  ores,  and  the  size  of  the  lumps.  We  shall  content  ourselves  with 
referring  to  the  principal  forms. 

When  iron  ores  are  to  be  roasted,  which  require  hut  a  simple  calcination  to  disengage 
the  combined  water  and  carbonic  acid,  egg-shaped  furnaces,  similar  to  those  in  which 
limestone  is  burned  in  contact  with  fuel,  maj'  be  conveniently  employed ;  and  they  pre- 
sent the  advantage  of  an  operation  which  is  continuous  with  a  never-cooling  apparatus. 
The  analogy  in  the  etfects  to  be  produced  is  so  perfect,  that  the  same  furnace  may  be 
used  for  eitlier  object.  Greater  dimensions  may,  however,  be  given  to  those  destined  for 
the  calcination  of  iron  ores.  But  it  must  be  remembered  that  this  process  is  applicable 
only  to  ores  broken  into  lumps,  and  not  to  ores  in  grains  or  powder. 

It  has  been  attempted  to  employ  the  same  method  a  little  modified,  for  the  roasting  of 
ores  of  sulphuret  of  copper  and  pyrites,  with  the  view  of  extracting  a  part  of  the  sulphur. 
More  or  less  success  has  ensued,  but  without  ever  surmounting  all  the  obstacles  arising 
from  the  great  fusibility  of  the  sulphuret  of  iron.  For  sometimes  it  runs  into  one  mass, 
or  at  least  into  lumps  agglutinated  together  in  certain  parts  of  the  furnace,  and  the  opera- 
tion is  either  stopped  altogether,  or  becomes  more  or  less  languid  ;  the  air  not  being  able 
to  penetrate  into  all  the  parts,  the  roasting  becomes  consequently  imperfect.  This  incon- 
venience is  even  more  serious  than  might  at  first  sight  appear  ;  for,  as  the  ill-roasted  ores 
now  contain  too  little  sulphur  to  support  their  combustion,  and  as  they  sometimes  fall 
into  small  fragments  in  the  cooling,  they  cannot  be  passed  again  through  the  same  furnace, 
and  it  becomes  necessary  to  finish  the  roasting  in  a  reverberatory  hearth,  which  is  much 
more  expensive. 

In  the  Pyrenees,  the  roasting  of  iron  ores  is  executed  in  a  circular  furnace,  so  disposed 
that  the  fuel  is  contained  and  burned  in  a  kind  of  interior  oven,  above  which  lie  the 
pieces  of  ore  to  be  calcined.  Sometimes  the  vault  of  this  oven,  which  sustains  the  ore, 
is  formed  of  bricks,  leaving  between  them  openings  for  the  passage  of  the  flame  and  the 
smoke,  and  the  apparatus  then  resembles  certain  pottery  kilns  ;  at  other  times  the  vault 
is  formed  of  large  lumps  of  ore,  carefully  arranged  as  to  the  intervals  requisite  to  be  left 
for  draught  over  the  arch.  The  broken  ore  is  then  distributed  above  this  arch,  care  being 
taken  to  place  the  larger  pieces  undermost.  This  process  is  simple  in  the  construction 
of  the  furnace,  and  economical,  as  branches  of  trees,  without  value  in  the  forest,  may  be 
employed  in  the  roasting.     See  Lime-kiln  figures. 

In  some  other  countries,  the  ores  are  roasted  in  furnaces  very  like  those  in  which 
porcelain  is  baked  ;  that  is  to  say,  the  fuel  is  placed  exteriorly  to  the  body  of  the  furnace 
in  a  kind  of  brick  shafts,  and  the  flame  traverses  the  broken  ore  with  which  the  furnace 
is  filled.     In  such  an  apparatus  the  calcination  is  continuous. 

When  it  is  proposed  to  extract  the  sulphur  ft-om  the  iron  pyrites,  or  from  pyritous  min 
erals,  diflferent  furnaces  may  be  employed,  among  which  that  used  in  Hungary  deserves 
notice.  It  is  a  rectangular  parallelopiped  of  four  walls,  each  of  them  being  perforated 
with  holes  and  vertical  conduits  which  lead  into  chambers  of  condensation,  where  the 
sulphur  is  collected.  The  ore  placed  between  the  four  walls  on  billets  of  wood  arranged 
as  in  figs.  681,  682,  683,  for  the  great  roastings  in  the  open  aii-,  is  calcined  with  the  dis- 
engagement of  much  sulphur,  which  finds  more  facility  in  escaping  by  the  lateral  conduits 
in  the  walls,  than  up  through  the  whole  mass,  or  across  the  upper  surface  covered  over 
with  earth  ;  whence  it  passes  into  the  chambers  of  condensation.  In  this  way  upwards 
of  a  thousand  tons  of  pyrites  may  be  roasted  at  once,  and  a  large  quantity  of  sulphur 
obtained. — See  Copper. 

Roasting  of  Pyrites. — Figs.  684,  685,  represent  a  furnace  which  has  been  long  em- 
ployed at  Fahlun  in  Sweden,  and 
684  'li^^S  several  other  parts  of  that  kingdom, 

f  6  ilp^gi  for  roasting  iron  pyrites  in  order  to 

Jan^i^"25^^^<Jk^g"JUt— ^       z=-i.=~»i;in  iBBaMijI  obtain  sulphur.      This  apparatus  was 

constructed  by  the  celebrated  Gahn. 
Fig.  684  is  a  vertical  section,  in  the 
line  k  d  71  0  of  fig.  685,  which  is 
a  plan  of  the  furnace ;  the  top  being 
supposed  to  be  taken  off.  In  both 
figures  the  conduit  may  be  imagined 
to  be  broken  off  at  e;  its  entire 
length  in  a  straight  line  is  43  feet 
beyond  the  dotted  line,  e  n,  before  the  bend,  which  is  an  extension  of  this  conduit.  Upon 
the  slope  a  6  of  a  hillock  a  b  c,  lumps  r  of  iron  pyrites  are  piled  upon  the  pieces  of  wood 
i  i  for  roasting.  A  conduit  dfe  forms  the  continuation  of  the  space  denoted  by  r,  which 
is  covered  by  stone  slabs  so  far  as/;  and  from  this  point  to  the  chamber  h  it  is  constructed 
in  boards.  At  the  beginning  of  this  conduit,  there  is  a  recipient  g.  The  chamber  h  is 
divided  into  five  chambers  by  horizontal  partitions,  which  permit  the  circulation  of  the 
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vapors  from  one  compartment  to  another.  The  ores  r  being  distributed  upon  the  billets 
of  wood  i  i,  whenever  these  are  fairly  kindled,  they  are  covered  with  small  ore,  and  then 
with  rammed  earth  / 1.  Towards  the  point  m,  for  a  space  of  a  foot  square,  the  ores  are 
covered  with  moveable  stone  slabs,  by  means  of  which  the  fire  may  be  regulated,  by  the 
displacement  of  one  or  more,  as  may  be  deemed  necessary.  The  liquid  sulphur  runs  into 
the  recipient  g,  whence  it  is  laded  out  from  time  to  time.  The  sublimed  sulphur  passes 
into  the  conduit  /  e  and  the  chamber  h,  from  which  it  is  taken  out,  and  washed  with 
water,  to  free  it  from  sulphuric  acid,  with  which  it  is  somewhat  impregnated ;  it  is  after- 
wards distilled  in  cast-iron  retorts.  The  residuum  of  the  pyrites  is  turned  to  account  in 
Sweden,  for  the  preparation  of  a  common  red  color  much  used  as  a  pigment  for  wooden 
buildings. 

The  reverberatory  furnace  affords  one  of  the  best  means  of  ustulation,  where  it  is 
requisite  to  employ  the  simultaneous  action  of  heat  and  atmospherical  air  to  destroy 
certain  combinations,  and  to  decompose  the  sulphurets,  arseniurets,  &c.  It  is  likewise 
evident  that  the  facility  thus  offered  of  stirring  the  matters  spread  out  on  the  sole,  in 
order  to  renew  the  surfaces,  of  observing  their  appearances,  of  augmenting  or  diminish- 
ing the  degree  of  heat,  &-c.,  promise  a  success  much  surer,  a  roasting  far  better  executed, 
than  by  any  other  process.  It  is  known,  besides,  that  flame  mingled  with  much  unde- 
composed  air  issuing  from  the  furnace,  is  highly  oxydizing,  and  is  very  fit  for  burning 
away  the  sulphur,  and  oxydizing  the  metals.  Finally,  this  is  almost  the  only  method  of 
rightly  roasting  ores  which  are  in  a  very  fine  powder.  If  it  be  not  employed  constantly 
and  for  every  kind  of  ore,  it  is  just  because  more  economy  is  found  in  practising  calcina- 
tion in  heaps,  or  on  areas  enclosed  by  walls ;  besides,  in  certain  mines,  a  very  great  num- 
ber of  these  furnaces,  and  many  workmen,  would  be  required  to  roast  the  considerable 
body  of  ores  that  must  be  daily  smelted.  Hence  there  would  result  from  the  construction 
of  such  apparatus  and  its  maintenance  a  very  notable  outlay,  which  is  saved  in  the  other 
processes. 

But  in  every  case  where  it  is  desired  to  have  a  very  perfect  roasting,  as  for  blende  from 
which  zinc  is  to  be  extracted,  for  sulphuret  of  antimony,  &c.,  or  even  for  ores  reduced  to 
a  very  fine  powder,  and  destined  for  amalgamation,  it  is  proper  to  perform  the  operation 
in  a  reverberatory  furnace.  When  very  fusible  sulphurous  ores  are  treated,  the  workman 
charged  with  the  calcination  must  employ  much  care  and  experience,  chiefly  in  the  man- 
agement of  the  fire.  It  will  sometimes,  indeed,  happen,  that  the  ore  partially  fuses ; 
when  it  becomes  necessary  to  withdraw  the  materials  from  the  fmnace,  to  let  them  cool 
and  grind  them  anew,  in  order  to  recommence  the  operation.  The  construction  of  these 
furnaces  demands  no  other  attention  than  to  give  to  the  sole  or  laboratory  the  suitable 
size,  and  so  to  proportion  to  this  the  grate  and  the  chimney  that  the  heating  may  be 
effected  with  the  greatest  economy. 

The  reverberatory  furnace  is  always  employed  to  roast  the  ores  of  precious  metals,  and 
especially  those  for  amalgamation ;  as  the  latter  often  contain  arsenic,  antimony,  and  other 
volatile  substances,  they  must  be  disposed  of  in  a  peculiar  manner. 

The  sole,  usually  very  spacious,  is  divided  into  two  parts,  of  which  the  one  farthest 
off  from  the  furnace  is  a  little  higher  than  the  other.  Above  the  vault  there  is  a  space 
or  chamber  in  which  the  ore  is  deposited,  and  whicli  communicates  with  the  laboratory 
by  a  vertical  passage ;  which  serves  to  allow  the  ore  to  be  pushed  down,  when  it  is  dried 
and  a  little  heated.  The  flame  and  the  smoke  which  escape  from  the  sole  or  laboratory 
pass  into  condensing  chambers,  before  entering  into  the  chimney  of  draught,  so  as  to 
deposite  in  them  the  oxyde  of  arsenic  and  other  substances.  When  the  ore  on  the  part 
of  the  sole  farthest  from  the  grate  has  suffered  so  much  heat  as  to  begin  to  be  roasted, 
has  become  less  fusible,  and  when  the  roasting  of  that  in  the  nearer  part  of  the  sole  is 
completed,  the  former  is  raked  towards  the  fire-bridge,  and  its  ustulation  is  finished  by 
stirring  it  over  frequently  with  a  paddle,  skilfully  worked,  through  one  of  the  doors  left 
in  the  side  for  this  purpose.  The  operation  is  considered  to  be  finished  when  the  vapors 
and  the  smell  have  almost  whoUy  ceased ;  its  duration  depending  obviously  on  the  nature 
of  the  ores. 

When  this  furnace  is  employed  to  roast  very  arsenical  ores,  as  the  tin  ores  of  Schlack- 
enwald  in  Bohemia,  and  at  Ehrenfriedensdorf  in  Saxony,  the  arsenical  pyrites  of  Geyer 
(in  Saxony),  &c.,  the  chambers  of  condensation  for  the  arsenious  acid  are  much  more 
extensive  than  in  the  furnaces  commonly  used  for  roasting  galena,  copper,  or  even  silver 
ores. 

Figs.  686,  687,  688  represent  a  reverberatoi7  furnace  employed  in  the  smelting 
works  of  Lautenthal,  in  the  Hartz,  for  roasting  the  schlichs  of  lead  ores,  which  contain 
much  blende  or  sulphuret  of  zinc.  In  fig.  686  we  see  that  the  two  parts  A  b,  b  c,  are 
absolutely  like,  the  two  furnaces  being  built  in  one  body  of  brickwork.  Fig.  687  is 
the  plan  of  the  furnace  b  c,  taken  at  the  level  e  f  o(  fig.  686.  Fig.  688  is  a  vertical 
section  of  the  similar  furnace  a  b,  taken  in  the  prolongation  of  the  line  g  h  ia 
fig.  687. 
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a  is  the  fire-place  of  the  furnace,  its  grate  and  ash-pit.     h  is  the  conduit  of  vaporiza- 
tion, which  communicates  with  the  chambers  c ;  c,  chambers  into  which  the  vaporized 


A  B 

substances  are  deposited ;  d,  chimney  for  the  escape  of  the  smoke  of  the  fire-place  a, 
after  it  has  gone  through  the  space  b  c  c  ;  e',  is  the  charging  door,  with  a  hook  hanging 

in  front  to  rest  the  long  iron  rake  upon,  with  which 
the  materials  are  turned  over ;  /,  chamber  contain- 
ing a  quantity  of  schlich  destined  for  roasting ;  this 
chamber  communicates  with  the  vaulted  corridor 
(gallery)  d,  seen  in  Jig.  686  ;  g,  orifice  through 
which  the  schlich  is  thrown  into  the  furnace  ;  h, 
area  or  hearth  of  the  reverberatory  furnace,  of  which 
the  roof  is  certainly  much  too  high ;  i,  channels  for 
the  escai)e  of  the  watery  vapors ;  k,  I,  front  arcade, 
between  which  and  the  furnace,  properly  speaking, 
are  the  two  orifices  of  the  conduits,  which  termi- 
nate at  the  channels  m,  m'.  m  is  the  channel  for 
carrying  towards  the  chimney  d,  the  vapors  which 
escape  by  the  door  e'.  n  is  a  walled-up  door,  which 
is  opened  from  time  to  time,  to  take  out  of  the 
chambers  c,  c,  the  substances  that  may  be  deposited 
in  them. 

At  the  smelting  works  of  Lautenthal,  in  such  a 
roasting  furnace,  from  6  to  9  quintals  (cwts.)  of 
schlich  are  treated  at  a  time,  and  it  is  stirred  frequent- 
ly with  an  iron  rake  upon  the  altar  h.  The  period 
of  this  operation  is  from  6  to  12  hours,  according  as 
the  schlich  may  be  more  or  less  dry,  more  or  less 
rich  in  lead,  or  more  or  less  charged  with  blende. 
When  the  latter  substance  is  abundant,  the  process  requires  12  hours,  with  about  60 
cubic  feet  of  cleft  billets  for  fuel. 

In  such  furnaces  are  roasted  the  cobalt  ores  of  Schneeberg  in  Saxony,  the  tin  ores  of 
Schlackenwald  in  Bohemia,  of  Ehrenfriedersdorf  in  Saxony,  and  elsewhere ;  as  also  the 
arsenical  pyrites  at  Geyer  in  Saxony.  But  there  are  poison  towers  and  extensive  con- 
densing chambers  attached  in  the  latter  case.     See  Arsenic. 

Figs.  689,  690,  691  represent  the  reverberatory  furnace  generally  employed  in  the 

Hartz,  in  the  district  of  Mansfeldt,  Saxony, 
Hungary,  &.C.,  for  the  treatment  of  black  cop- 
per, and  for  refining  rose  copper  upon  the  great 
scale.  An  analogous  furnace  is  used  at  Andreas- 
berg  for  the  liquefaction  or  purification  of  the 
mattes,  and  for  workable  lead  when  it  is  much 
loaded  with  arsenic. 

Fig.  689  presents  the  elevation  of  the  fur- 
nace parallel  to  the  line  i  k,  of  the  plan^ig.  690 ; 
which  plan  is  taken  at  the  level  of  the  tuyere  n, 
of  fig.  691  ;  fig.  691  is  a  vertical  section  in  the  line  l  m,  fig.  690.  k  represents  one  of 
two  basins  of  reception,  brasqued  with  clay  and  charcoal ;  m,  n,  two  tuyeres,  through  which 
enters  the  blast  of  two  pairs  of  bellows,  like  those  shown  at  Cupellation  of  Silver  ;  q, 
door  by  which  the  matter  to  be  melted  is  laid  upon  the  sole  of  the  furnace  ;  v,  v,  two 
points  where  the  sole  is  perforated,  when  necessary  to  run  off  the  melted  matter  into 
either  of  the  basins  h ;  x,  door  through  which  the  slags  or  cinders  floating  upon  the  sur- 
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face  of  the  melted  metal  are  raked  out ;  y,  door  of  the  fire-place.  The  fuel  is  laid  upon  a 
grate  above  an  ash-pit,  and  below  the  arch  of  a  reverberatory  which  is  contiguous  to  the 
dome  or  cap  of  the  furnace  properly  so  called.  In  the  section,  fig.  691,  the  following 
parts  may  be  noted  ;   1,  2,  3,  mason-work  of  the  foundation;  4,  vapor  channels  or  con- 


694 


duils,  for  the  escape  of  the  humidity ;  5,  bed  of  clay ;  6,  brasque  composed  of  clay  and 
charcoal,  which  forms  the  concavity  of  the  hearth. 

^_^^^^^^ Figs.  692,   693,  694,   show  the 

"""  ^         -r^?=^-^;-^     furnace   employed    for  liquation  in 

one  of  the  principal  smelting  works 
of  the  Hartz.  Fig.  694  exhibits 
the  working  area  charged  with  the 
liquation  cakes  and  charcoal,  sup- 
ported by  sheets  of  wrought  iron  j 
being  an  image  of  the  process  in 
action.  Fig.  693  is  the  plan,  in  the 
line  F  G,  of  fig.  692. 

A  liquation  cake  is  composed 
of— 

Black  copper  holding  at  least  5 
or  6  loths  (22  or  3  oz.)  of  silver  per 
cwt.,  and  weighing  90  to  96  lbs. 

Lead  obtained  from  litharge,  2 
cwts.     Litharge,  5  cwt. 

From  30  to  32  cakes  are  suc- 
cessively worked  in  one  operation, 
which  lasts  about  5  hours ;  the  fur- 
nace is  brought  into  action,  as  usual, 
with  the  aid  of  slags ;  then  a  little 
litharge  is  added ;  when  the  lead 
begins  to  flow,  the  copper  is  intro- 
duced, and  when  the  copper  flows, 
lead  is  added,  so  that  the  mixture 
of  the  metals  may  be  effected  in  the 
best  way  possible. 

From  8  to  16  of  these  cakes  (pains)  are  usually  placed  in  the  liquation  furnace,  figs. 
692,  693,  694.  The  operation  lasts  3  or  4  hours,  in  which  time  about  1|  quintals  of  char- 
coal are  consumed.  The  cakes  are  covered  with  burning  charcoal,  supported,  as  I  have 
said,  by  the  iron  plates.  The  workable  lead  obtained  flows  off  towards  the  basin  in  front 
of  the  furnace ;  whence  it  is  laded  out  into  moulds  set  alongside.  See  fig.  693.  If  the 
lead  thus  obtained  be  not  sufficiently  rich  in  silver  to  be  worth  cupcllation,  it  is  employed 
to  form  new  liquation  cakes.  When  it  contains  from  5  to  6  loths  of  silver  per  cwt.,  it  is 
submitted  to  cupellation  in  the  said  smelting  works.     See  Silver. 

The  trompe,  or  water  blowing  engine,  figs.  695,  696,  697.  Fig.  695  is  the  elevation  ; 
fig.  696  is  a  vertical  section,  made  at  right  angles  to  the  elevation.  The  machine  is  formed 
of  two  cylindrical  pipes,  the  bodies  of  the  trompe  b  b,  set  upright,  called  the  funnels,  which 
terminate  above  in  a  water  cistern  a,  and  below  in  a  close  basin  under  c,  called  the  tub  or 
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drum.     The  conical  part  p,  of  the  funnel  has  been  called  etraiiguillon,  being  strangled,  as 
it  were,  in  order  that  the  water  discharged  into  the  body  of  the  trompe  shall  not  fill  the 


695 


pipe  in  falling,  but  be  divided  into  many  streamlets.  Below  this  narrow  part,  eight  holes, 
q  q,  are  perforated  obliquely  through  the  substance  of  the  trompe,  called  the  vent-holes 
or  nostrils,  for  admitting  the  air,  which  the  water  carries  with  it  in  its  descent.  The  air 
afterwards  parts  from  the  water,  by  dashing  upon  a  cast-iron  slab,  placed  in  the  drum 
upon  the  pedestal  d.  An  aperture  /,  at  the  bottom  of  the  drum,  allows  the  water  to  flow 
away  after  its  fall ;  but,  to  prevent  the  air  from  escaping  along  with  it,  the  water  as  it 
issues  is  received  in  a  chest  I  mn  o,  divided  into  two  parts  by  a  vertical  slide-jdate  be- 
tween m  n.  By  raising  or  lowering  this  plate,  the  water  may  be  maintained  at  any  desi- 
red level  within  the  drum,  so  as  to  give  the  included  air  any  determinate  degree  of  pressure. 
The  superfluous  water  then  flows  off  by  the  hole  o. 

The  air-pipe  e,  fig.  696,  is  fitted  to  the  upper  part  of  the  drum ;  it  is  divided,  at  the 
point  /,  into  three  tubes,  of  which  the  principal  one  is  destined  for  the  furnace  of  cupel- 
lation,  while  the  other  two  g  g,  serve  for  different  melting  furnaces.  Each  of  these 
tubes  ends  in  a  leather  pocket,  and  an  iron  nose-pipe  7c,  adjusted  in  the  tuyere  of 
the  furnace.  At  Pesey,  and  in  the  whole  of  Savoy,  a  floodgate  is  fitted  into  the  upper 
cistern  a,  to  regulate  the  admission  of  water  into  the  trompe  ;  but  in  Carniola,  the  funnel 
p  is  closed  with  a  wooden  plug,  suspended  to  a  cord,  which  goes  round  a  pulley  mounted 
upon  a  horizontal  axis,  as  shown  in  fig.  697.  By  the  plug  a  beina;  raised  more  or  less, 
merely  the  quantity  of  water  required  for  the  operation  is  admitted.  The  plug  is  pier- 
ced lengthwise  with  an  oblique  hole  c  c,  in  which  the  small  tube  c  is  inserted,  with  its  top 
some  way  above  the  water  level,  through  which  air  may  be  admitted  into  the  heart  of  the 
column  descending  into  the  trompe  p  q. 

The  ordinary  height  of  the  trompe  apparatus  is  about  26  or  27  feet  to  the  upper  level 
of  the  water  cistern ;  its  total  length  is  11  metres  (36  feet  6  inches),  and  its  width  2  feet, 
to  give  room  for  the  drums.  It  is  situated  10  motres  (33|  feet)  from  the  melting  furnace. 
This  is  the  case  at  the  smelting  works  of  Jauerberg,  in  Upper  Carniola. 

OF   THE   ASSAY    OF   ORES. 

Assays  ought  to  occupy  an  important  place  in  metallurgic  instructions,  and  there  is 


832  METALLUKGY. 

reason  to  believe  that  the  knowledge  of  assaying  is  not  sufficiently  diffused,  since  its 
practice  is  so  often  neglected  in  smelting  houses.  Not  only  ought  the  assays  of  the 
ores  under  treatment  to  be  frequently  repeated,  because  their  nature  is  subject  to  vary; 
but  the  difl'erent  products  of  the  furnaces  should  be  subjected  to  reiterated  assays,  at  the 
several  periods  of  the  operations.  When  silver  or  gold  ores  are  in  question,  the  doci- 
mastic  operations,  then  indispensable,  exercise  a  salutary  control  over  the  metallurgic 
processes,  and  atibrd  a  clear  indication  of  the  quantities  of  precious  metal  which  they 
ought  to  produce.    ' 

By  the  title  uissays,  in  a  metallurgic  point  of  view,  is  meant  the  method  of  ascertain- 
ing for  any  substance  whatever,  not  only  the  presence  and  the  nature  of  a  metal,  but  its 
proportional  quantity.  Hence  the  operations  which  do  not  lead  to  a  precise  determi- 
nation of  the  metal  in  question,  are  not  to  be  arranged  among  the  assays  now  under 
consideration.  Exi)eriments  made  with  the  blow-pipe,  although  capable  of  yielding  most 
useful  indications,  are  like  the  touchstone  in  regard  to  gold,  and  do  not  constitute  genuine 
assays. 

Three  kinds  of  assays  may  be  practised  in  different  circumstances,  and  with  more  or 
less  advantage  upon  different  ores.  1.  The  mechanical  assay  ;  2.  the  assay  by  the  dry 
way  ;  3.  the"  assay  by  the  humid  way. 

1.  Of  meckauicul  assays. — These  kinds  of  assays  consist  in  the  separation  of  the 
substances  mechanically  mixed  in  the  ores,  and  are  performed  by  a  hand-washing,  in  a 
small  trough  of  an  oblong  shape,  called  a  sebilla.  After  pulverizing  with  more  or  less 
pains  the  matters  to  be  assayed  by  this  process,  a  determinate  weight  of  them  is  put  into 
this  wooden  l<owl  with  a  little  water  ;  and  by  means  of  certain  movements  and  some 
precautions,  to  be  learned  only  by  practice,  the  lightest  substances  may  be  pietty  exactly 
separated,  namely,  the  earthy  gangues  from  the  denser  matter  or  metallic  particles,  with- 
out losing  any  sensible  portion  of  them.  1  bus  a  schlich  of  greater  or  less  pui  ity  will  be 
oblaiuerl,  which  may  aflbrd  the  means  of  judging  by  its  quality  of  the  richness  of  tlie  as 
sayed  ores,  and  wliich  may  thereafter  be  subjected  to  assays  of  another  kind,  whereby  the 
whole  metal  may  be  insulated. 

Washins,  as  an  assay,  is  practised  on  auriferous  sands  ;  on  all  ores  from  the  stamps,  and 
even  on  sclilichi  alieady  washed  upon  the  great  scale,  to  appreciate  more  nicely  the  degree 
of  purity  tliey  liave  acquired.  The  ores  of  tin  in  which  the  oxyde  is  often  disseminated 
in  much  earthy  gangue,  are  well  adapted  to  this  species  of  assay,  because  the  tin  oxyde 
is  very  dense.  The  mechanical  assay  may  also  be  employed  in  reference  to  the  ores 
whose  metallic  portion  presents  a  uniform  composition,  provided  it  also  possesses  con- 
siderable  specific  gravity.  Thus  the  ores  of  sulphurelof  lead  (galena)  being  susceptible 
of  becoming  almost  pure  sulphurets  (within  1  or  2  per  cent.)  by  mere  washing  skilfully 
conducted,  the  richness  of  that  ore  in  jjure  i:alcna,  and  consequently  in  lead,  may  be  at 
once  conclulcd  ;  since  120  of  galena  contain  104  of  lead,  and  16  of  sulphur.  The  sul- 
phuret  of  antimony  mingled  with  its  gangue  may  be  subjected  to  the  same  mode  of  assay, 
and  the  result  will  be  still  more  direct,  since  the  crude  antimony  is  brought  into  the  mar- 
ket after  being  freed  from  its  gangue  by  a  simple  fusion. 

The  assay  by  washing  is  also  had  recourse  to  for  ascertaining  if  the  scorice  or  other 
products  C/f  the  furnaces  contain  some  metallic  grains  which  might  be  extracted  from 
them  by  stamping  and  washing  on  the  great  scale  ;  a  process  employed  considerably  with 
the  S(ori(B  of  tin  and  copper  works. 

Of  assays  by  the  dry  way. — The  assay  by  the  dry  way  has  for  its  object,  to  show 
the  nature  and  proportion  of  the  metals  contained  in  a  mineral  substance.  To  make  a 
good  assay,  however,  it  is  indispensably  necessary  to  know  what  is  the  metal  associated 
with  it,  and  even  within  certain  limits,  the  quantity  of  the  foreign  bodies.  Only  one 
metal  is  commonly  looked  after;  unless  in  the  case  of  certain  argentiferous  ores.  The 
mineialoglcal  examination  of  the  substances  under  treatment,  is  most  commonly  sufficient 
to  afford  data  in  these  respects;  but  the  assays  may  always  be  varied  with  different  views, 
before  slopping  at  a  definite  result;  and  in  every  instance,  only  such  assays  can  be  con- 
fided in,  as  have  been  verified  by  a  double  operation. 

This  mode  of  assaying  requires  only  a  little  experience,  with  a  simple  apparatus ;  and 
is  of  such  a  nature  as  to  be  practised  currently  in  the  smelting  works.  1  he  air  furnace 
and  crucibles  employed  are  described  in  all  good  elementary  chemical  books.  Ihese 
assays  are  usually  performed  with  the  addition  of  a  flux  to  the  ore,  or  some  agent  for 
separating  the  earthy  from  the  metallic  substances  ;  and  they  possess  a  peculiar  advan- 
tage relative  to  the  smelling  operations,  because  they  offer  many  analogies  between 
results  on  the  great  scale  and  experiments  on  the  small.  This  may  even  enable  us  often 
to  deduce,  from  the  manner  in  which  the  assay  has  succeeded  with  a  certain  flux,  and  at 
a  certain  degree  of  heat,  valuable  indications  as  to  the  treatment  of  the  ore  in  the  great 
way.     See  Fuhnace. 

In  the  smelting  houses  which  purchase  the  ore,  as  in  Germany,  it  is  necessary  to 
bestow  much  attention  upon  the  assays,  because  they  serve  to  regulate  the  quality  and 
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the  price  of  the  schlichs  to  be  delh'ered.  These  assays  are  not  by  any  means  free  from 
difficulties,  especially  when  ores  containing  several  useful  metals  are  treated,  and  which 
are  to  be  dosed  or  proportioned ;  ores,  for  example,  including  a  notable  quantity  of  lead, 
copper,  and  silver,  mixed  together. 

In  the  central  works  of  the  Hartz,  as  well  as  in  those  of  Saxony,  the  schlichs  as  de- 
livered are  subjected  to  docimastic  assays,  which  are  verified  three  times,  and  by  three 
different  persons,  one  of  whom  is  engaged  for  the  interests  of  the  mining  partners, 
another  for  that  of  the  smelting  house,  and  a  third  as  arbiter  in  case  of  a  diflerence.  '  If 
the  first  two  results  of  assaying  diiier  by  |  loth  (or  f  ounce)  of  silver  per  cwt.  of  schlich, 
the  operations  must  be  resumed ;  but  this  rarely  happens.  When  out  of  the  three  assays, 
the  one  differs  from  the  two  others  by  no  more  than  J  loth  of  silver  per  cwt.,  but  by 
more  in  one,  and  by  less  in  another,  the  mean  result  is  adopted.  As  to  the  contents  of  the 
schlich  in  lead,  the  mean  results  of  the  assays  must  be  taken.  The  difl'erences  allowed 
are  three  pounds  for  the  schlich,  when  it  contains  from  12  to  30  per  cent,  of  lead,  increas- 
ing to  six  pounds  for  schlich,  when  it  contains  less  than  55  per  cent,  of  that  metal. 

Assaying  forms,  in  great  establishments,  an  important  object  in  reference  to  time  and 
expense.  Thus,  in  the  single  work  of  Franckenscharn,  in  the  Hartz,  no  less  than  300 
assays  have  to  be  made  in  a  threefold  way,  every  Monday,  without  taking  into  account 
the  several  assays  of  the  smelting  products  which  take  place  every  Thursday.  Foimerly 
fluxes  more  or  less  compound  were  employed  for  these  purposes,  and  every  assay  cost 
about  fifteen  pence.  At  present  all  these  assays  are  made  more  simply,  by  much  cheaper 
methods,  and  cost  a  penny  farthing  each  upon  an  average. 

Of  the  assays  by  the  humid  way. — The  assays  by  the  humid  way,  not  reducible  to  very 
simple  processes,  are  true  chemical  analyses,  which  may  in  fact  be  applied  with  much 
advantage,  either  to  ores,  or  to  the  products  of  the  furnace  ;  but  which  cannot  be  expected 
to  be  practised  in  smelting-houses,  on  account  of  the  complication  of  apparatus  and 
reagents  they  require.  Moreover,  an  expert  chemist  is  necessary  to  obtain  results  that 
can  be  depended  on.  The  directors  of  smelting-houses,  however,  should  never  neglect  any 
opportunities  that  may  occur  of  submitting  the  materials  operated  upon,  as  well  as  their 
products,  to  a  more  thorough  examination  than  the  dry  way  alone  can  effect.  One  of  the 
great  advantages  of  similar  researches  is  to  discover  and  appreciate  the  minute  quantities 
of  injurious  substances  which  impair  the  malleability  of  the  metals,  which  give  them  seve- 
ral bad  qualities,  about  whose  nature  and  cause  more  or  less  error  and  uncertainty  prevail. 
Chemical  analysis,  rightly  applied  to  metallurgy,  cannot  fail  to  introduce  remarkable 
improvements  into  the  processes.     See  the  dillerent  metals,  in  their  alphabetical  places. 

For  assays  in  the  dry  way,  both  of  stony  and  metallic  minerals,  the  process  of  Dr. 
Abich  deserves  recommendation.  It  consists  in  mixing  the  pulverized  mineral  with  4  or 
6  times  its  weight  of  carbonate  of  baryta  in  powder,  fusing  the  mixture  at  a  white  heat, 
and  then  dissolving  it,  after  it  cools,  in  dilute  muriatic  acid.  The  most  refractory  mine- 
rals, even  corundum,  cyanate,  staurolite,  zircon,  and  feldspar,  yield  readily  to  this  treat- 
ment. This  process  may  be  employed  with  advantage  upon  poor  refractory  ores.  The 
platinum  crucible,  into  which  the  mixed  materials  are  put  for  fusion,  should  be  placed  in 
a  Hessian  crucible,  and  surrounded  with  good  coke. 

The  following  tabular  view  of  the  metallic  produce  of  the  British  mines  is  given  by 
two  very  skilful  observers,  in  a  work  published  in  1827,  entitled  Voyage  Metallurgique  en 
Jngleterre,  par  MM.  Dufrenoy  et  Elie  de  Beaumont : — 


Copper 


Lead 


Tin  Cornwall  alone 

f  Cornwall 

Devonshire 

Staffordshire 

Anglesey 

Wales  -  -  - 

Cumberland 

Ireland 
[  Scotland 
r  Wales   -  -  - 

Scotland 

Cornwall  and  Devonshire 
1  Shropshire 

Derbyshire 

Cumberland 
Cast  Iron     about     -  .  - 


Tons. 

Tons. 

- 

3,160 

9,3311 

537 

38 

738 
55 

11,469 

21 

738 

n. 

7,500 " 

2,800 

800 
800 

31,90a 

1,000 

19,000  J 

600,000* 


♦  I  have  converted  the  weights  of  lead  and  cast-iron,  given  in  kilogrammes,  into  tons,  at  the  rate  of  1000 
kilogrammes  per  ton  ;  which  is  sufficiently  near. 
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The  manganese  raised  in  England  exceeds  2000  tons. 

M.  Heron  de  Villefosse  inserted  in  the  last  number  of  the  AnnaUs  des  Mines  for  1827, 
the  following  statistical  view  of  the  metallic  products  of  France  : — 

Tons. 
Lead  in  pigs  (saumons)  ---...  103 

Litharge  ----....         513 

Sulphnret  of  lead,  ground  galena  (aZgwi/bwa:)     -  -  -  -  112 

Black  copper     ........  i64 

Antimony  -  -  .  -.  .  .  -91 

Manganese        --.--...         765 
Crude  cast-iron  .......     25,606 

Bar  iron  -  -  .  .  .  .  .  .  127,643 

Steel      --.......      3,500 

Silver  in  ingots  -....-.  li 

"  6 

The  total  value  of  which  is  estimated  at  80  millions  of  francs ;  or  about  3,400,000  pounds 
sterling. 

METALS  (Metaux,  Fr. ;  Mefalle,  Genn.)  are  by  far  the  most  numerous  class  of  unde- 
compounded  bodies  in  chemical  arrangements.  They  amount  to  41  ;  of  which  7  form, 
with  oxygen,  bodies  possessed  of  alkaline  properties  :  these  are,  1.  potassium ;  2.  so- 
dium; 3.  lithium;  4.  barytium,  or  barium;  5.  strontium;  6i  calcium;  7.  magnesium; 
for  even  magnesia,  the  last  and  feeblest  base,  tinges  turmeric  brown,  and  red  cabbage 
green.  The  next  5  metals  form,  with  oxygen,  the  earths  proper;  they  are,  8.  yttrium; 
9.  glucinum;  10.  alumium ;  11.  zirconium;  12.  thorinum.  The  remaining  29  maybe 
enumerated  in  alphabetical  order,  as  they  hardly  admit  of  being  grouped  into  subdivisions 
with  any  advantage.  They  are  as  follows:  13.  antimony;  14.  arsenic;  15.  bismuth; 
16.  cadmium;  17.  cerium;  18.  chromium;  19.  cobalt;  20.  copper;  21.  gold;  22.  iri- 
dium; 23.  iron;  24.  lead;  25.  manganese;  26.  mercury;  27.  molydenum ;  28.  nickel; 
29.  osmium;  30.  palladium;  31.  platinum;  32.  rhodium;  33.  silver;  34.  tantalum; 
35.  tellurium ;  36.  tin ;  37.  titanium ;  38.  tungstenium ;  39.  vanadium ;  40.  uranium ; 
41.  zinc. 

1.  They  are  all,  more  or  less,  remarkable  for  a  peculiar  lustre,  called  the  metallic. 
This  property  of  strongly  reflecting  light  is  connected  with  a  certain  state  of  aggregation 
of  their  particles,  but  is  possessed,  superficially  at  least,  by  mica,  animal  charcoal,  sele- 
nium, polished  indigo ; — bodies  not  at  all  metallic. 

2.  The  metals  are  excellent  conductors  of  caloric,  and  most  of  them  also  of  electricity, 
though  probably  not  all.  According  to  Despretz,  they  possess  the  power  of  conducting 
heat  according  to  the  following  numbers: — Gold,  1000;  platinum,  981 ;  silver,  973;  cop- 
per, 898  ;  iron,  374  ;  zinc,  363  ;  tin,  304  ;  lead,  179-6. 

Beoquerel  gives  the  following  table  of  metals,  as  to  electrical  conduction : — 
Copper,  100;  gold,  93-6;  silver,  73-6;  zinc,  28-5;  platina,  16-4;  iron,  15-8;  tin,  15-5; 
lead,  8*3  ;  mercury,  3-5  ;  potassium,  1"33. 

The  metals  which  hardly,  if  at  all,  conduct  electricity,  are  zirconium,  alumium,  tanta- 
lum in  powder,  and  tellurium. 

3.  Metals  are  probably  opaque  ;  yet  gold  leaf,  as  observed  by  Newton,  seems  to  trans- 
mit the  green  rays,  for  objects  placed  behind  it  in  the  sunbeam  appear  green.  This  phe- 
nomena has,  however,  been  ascribed  to  the  rays  of  light  passing  through  an  infinite 
number  of  minute  fissures  in  the  thinly  hammered  gold. 

4.  All  metals  are  capable  of  combining  with  oxygen,  but  with  affinities  and  in  quanti- 
ties extremely  different.  Potassium  and  sodium  have  the  strongest  affinity  for  it;  arsenic 
and  chromium,  the  feeblest.  Many  metals  become  acids  by  a  sufficient  dose  of  oxygen, 
while  with  a  smaller  dose  they  constitute  salifiable  bases. 

5.  Metals  combine  with  each  other,  forming  a  class  of  bodies  called  alloys,  except 
when  one  of  them  is  mercury,  in  which  case  the  compound  is  styled  an  amalgam. 

6.  They  combine  with  hydrogen  into  hydrurets  ;  with  carbon,  into  carhurets ;  with  sul- 
phur, into  sulphnrets  ;  with  phosphorus,  into  phosphurets  ;  with  selenium,  into  seleniujets  ; 
with  boron,  into  horurds  {borides  ?) ;  with  chlorine,  into  chlorides ;  with  iodine,  into 
iodide.i ;  with  cyanogen,  into  cyanides ;  with  silicon,  into  silicides ;  and  with  fluorine,  into 
Jluorides, 

7.  Metallic  salts  are  definite  compounds,  mostly  ciystalline,  of  the  metallic  oxydes  with 
the  acids.     See  Haloid. 

METEORITES  (Jerolithes,  Fr.)  are  stones  of  a  peculiar  aspect  and  composition,  which 
have  fallen  from  the  air. 

METHYLE  NE,  a  peculiar  liquid  compound  of  carbon  and  hydrogen,  extracted  from 
pyroxylic  spirit,  which  is  reckoned  to  be  a  bi-hj'drate  of  methjlhie. 

MI<  ;A  is  a  finely  foliated  mineral,  of  a  pearly  metallic  lustre.  It  is  harder  than 
gypsum,  but  not  so  hard  as  calc-spar ;    flexible  and  elastic ;  spec.  grav.  2-65.     It  is 
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an  ingredient  of  granite  and  gneiss.  The  large  sheets  of  mica  exposed  for  sale  in  London. 
are  mostly  brought  from  Siberia.  They  are  used,  instead  of  glass,  to  enclose  the  fire, 
without  concealing  the  flame,  in  certain  stoves. 

The  mica  of  Fahlun,  analyzed  by  Rose,  afforded,  silica,  46*22;  alumina,  34-52;  perox- 
yde  ?  of  iron,  6-04;  potash,  8-22;  magnesia,  with  oxyde  of  manganese,  2'11  ;  fluoric 
acid,  1-09  ;  water,  0-98. 

MICROCOSMIC  SALT ;  a  term  given  to  a  salt  extracted  from  human  urine, 
because  man  was  regarded  by  the  alchemists  as  a  miniature  of  the  world,  or  the  micro- 
cosm. It  is  a  phosphate  of  soda  and  ammonia ;  and  is  now  prepared  by  mixing 
equivalent  proportions  of  phosphate  of  soda  and  phosphate  of  ammonia,  each  in  solu- 
tion, evaporating  and  crystallizing  the  mixture.  A  small  excess  of  ammonia  aids  the 
crystallization. 

MILK  {Luit,  Fr. ;  Milche,  Germ.)  owes  its  whiteness  and  opacity  to  an  emulsion  com- 
posed of  the  caseous  matter  and  butter,  with  sugar  of  milk,  extractive  matters,  salts,  and 
free  lactic  acid;  the  latter  of  which  causes  fresh  milk  to  redden  litmus  paper.  Milk,  in 
general,  contains  from  10  to  12  per  cent,  of  solid  matter,  on  being  evaporated  to  dryness 
by  a  steam  heat.  The  mean  specific  gravity  of  cows'  milk  is  1-030,  but  it  is  less  if 
the  milk  be  rich  in  cream.  The  specific  gravity  of  the  skimmed  milk  is  1-035;  and  of 
the  cream  is  1-0244.     100  parts  of  creamed  milk  contain — 

Caseous  matter,  containing  some  butter,       --.-..  2-600 

Sugar  of  milk      -         -      ^ 3-500 

Alcoholic  extract,  lactic  acid,  and  lactates    ------  0-600 

Salts ;  muriate  and  phosphate  of  potash,  and  phosphate  of  lime     -         -  0-420 

Water         .        -        - 92-875 

Cream  consists  of — Butter  separated  by  churning        -         -         -         -  4-5 

Caseous  matter  precipitated  by  the  coagulation  of  the  milk  of  the  butter  3-5 

Butter-milk         .        .        .        . 920 


100-0 

When  milk  contained  in  wire-corked  bottles,  is  heated  to  the  boiling  point  in  a  water 
bath,  the  oxygen  of  the  included  small  portion  of  air  under  the  cork  seems  to  be  carbon- 
ated, and  the  milk  will  afterwards  keep  fresh,  it  is  said,  for  a  year  or  two;  as  green 
gooseberries  and  peas  do  by  the  same  treatment. 

MILL-STONE,  or  Buhr-Stone.  This  interesting  form  of  silica,  which  occurs  in  great 
masses,  has  a  texture  essentially  cellular,  the  cells  being  irregular  in  number,  shape,  and 
size,  and  are  often  crossed  by  thin  plates,  or  coarse  fibres  of  silex.  The  Buhr-stone  has 
a  straight  fracture,  but  it  is  not  so  brittle  as  flint,  though  its  hardness  is  nearly  the  same. 
It  is  feebly  translucent ;  its  colors  are  pale  and  dead,  of  a  whitish,  grayish,  or  yellowish 
cast,  sometimes  with  a  tinge  of  blue. 

The  Buhr-stones  usually  occur  in  beds,  which  are  sometimes  continuous,  and  at  others 
interrupted.  These  beds  are  placed  amid  deposites  of  sand,  or  argillaceous  and  ferru- 
ginous marls,  which  penetrate  between  them,  filling  their  fissures  and  honeycomb  cavities. 
Buhr-stones  constitute  a  very  rare  geological  formation,  being  found  in  abundance  only  in 
the  mineral  basin  of  Paris,  and  a  few  adjoining  districts.  Its  place  of  superposition  is 
well  ascertained  :  it  forms  a  part  of  the  lacustrine,  or  fresh-water  formation,  which,  in 
the  locality  alluded  to,  lies  above  the  fossil-bone  gypsum,  and  the  stratum  of  sand  and 
marine  sandstone  which  covers  it.  Buhr-stone  constitutes,  therefore,  the  uppermost  solid 
stratum  of  the  crust  of  the  globe ;  for  above  it  there  is  nothing  but  alluvial  soil,  or  diluvial 
gravel,  sand,  and  loam. 

Buhr-stones  sometimes  contain  no  organic  forms,  at  others  they  seem  as  if  stuifed  full 
of  fresh-water  shells,  or  land  shells  and  vegetables  of  inland  growth.  There  is  no  excep- 
tion known  to  this  arrangement ;  but  the  shells  have  assumed  a  silicious  nature,  and  their 
cavities  are  often  bedecked  with  crystals  of  quartz.  The  best  Buhr-stones  for  grinding 
corn,  have  about  an  equal  proportion  of  solid  matter,  and  of  vacant  space.  The  finest 
quarry  of  them  is  upon  the  high  ground,  near  La  Ferte-sous-Jouarre.  The  stones  are 
quarried  in  the  open  air,  and  are  cut  out  in  cylinders,  from  one  to  two  yards  in  diameter, 
by  a  series  of  iron  and  wooden  wedges,  gradually  but  equally  inserted.  The  pieces  of 
buhr-stones  are  afterwards  cut  in  parallelopipeds,  called  panes,  which  are  bound  with  iron 
hoops  into  large  millstones.  These  pieces  are  exported  chiefly  to  England  and  America. 
Good  millstones  of  a  bluish  white  color,  with  a  regular  proportion  of  cells,  when  six  feet 
and  a  half  in  diameter,  fetch  1200  francs  a-piece,  or  48/.  sterling.  A  coarse  conglom 
erate  sandstone  or  breccia  is,  in  some  cases,  used  as  a  substitute  for  buhr-stones ;  but 
it  is  a  poor  one. 

MINERAL  WATERS.     See  Soda  Water,  and  Waters,  Mineral. 

MINES,  (Bergwerke,  Germ.)  Amidst  the  variety  of  bodies  apparently  infinite,  which 
eompose  the  crust  of  the  globe,  geologists  have  demonstrated  the  prevalence  of  a  few 
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general  S3-stems  of  rocks,  to  which  they  have  given  the  name  of  formations  or  deposites. 
A  large  proportion  of  these  mineral  systems  consists  of  parallel  planes,  whose  length  and 
breadth  greatly  exceed  their  thickness ;  on  which  account  they  are  called  stratified  rocks ; 
others  occur  in  very  thick  blocks,  without  any  parallel  stratification,  or  horizontal  seams 
of  considerable  extent. 

The  stratiform  deposites  are  subdivided  into  two  great  classes ;  the  primary  and  the 
secondary.  The  former  seem  to  have  been  called  into  existence  before  the  creation  of 
organic  matter,  because  they  contain  no  exuvioe  of  vegetable  or  animal  beings ;  while 
the  latter  are  more  or  less  interspersed,  and  sometimes  replete  with  organic  remains. 
The  primary  strata  are  characterized,  moreover,  by  the  nearly  vertical  or  highly  inclined 
position  of  their  planes ;  the  secondary  lie  for  the  most  part  in  a  nearly  horizontal 
position. 

Where  the  primitive  mountains  graduate  down  into  the  plains,  rocks  of  an  intermediate 
character  appear,  which,  though  possessing  a  nearly  vertical  position,  contain  a  few 
vestiges  of  animal  beings,  especially  shells.  These  have  been  called  transition,  to  indicate 
their  being  the  passing  links  between  the  first  and  second  systems  of  ancient  deposites ; 
they  are  distinguished  by  the  fractured  and  cemented  texture  of  their  planes,  for  which 
reason  they  are  sometimes  called  conglomerate. 

Between  these  and  the  truly  secondary  rocks,  another  very  valuable  series  is  interposed 
in  certain  districts  of  the  clobe ;  namely,  the  coal-measures,  the  paramount  formation  of 
Great  Britain.  The  coal  strata  are  disposed  in  a  basin-form,  and  alternate  with  parallel 
beds  of  sandstone,  slate-clay,  iron-stone,  and  occasionally  limestone.  Some  geologists 
have  called  the  coal-measures  the  medial  formation. 

In  every  mineral  plane,  the  inclination  and  direction  are  to  be  noted ;  the  former  being 
the  angle  which  it  forms  with  the  horizon,  the  latter  the  point  of  the  azimuth  or  horizon, 
towards  which  it  dips,  as  west,  north-east,  south,  &c.  The  direction  of  the  bed  is  that 
of  a  horizontal  line  drawn  in  its  plane  ;  and  which  is  also  denoted  by  the  point  of  the 
compass.  Since  the  lines  of  direction  and  inclination  are  at  right  angles  to  each  other, 
the  first  may  always  be  inferred  from  the  second  ;  for  when  a  stratum  is  said  to  dip  to  the 
east  or  west,  this  implies  that  its  direction  is  north  and  south. 

The  smaller  sinuosities  of  the  bed  are  not  taken  into  account,  just  as  the  windings  of 
a  river  are  neglected  in  stating  the  line  of  its  course. 

Masses  are  mineral  deposites,  not  extensively  spread  in  parallel  planes,  but  irregular 
heaps,  rounded  or  oval,  enveloped  in  whole  or  in  a  great  measure  by  rocks  of  a  diH'erent 
kind.  Lenticular  masses  being  frequently  placed  between  two  horizontal  or  inclined 
strata,  have  been  sometimes  supposed  to  be  stratiform  themselves,  and  have  been  accord- 
ingly denominated  by  the  Germans  liegetide  stocke,  lyins;  heaps  or  blocks. 

The  orbicular  masses  often  occur  in  the  interior  of  unstratified  mountains,  or  in  the 
bosom  of  one  bed. 

Nests,  concretions,  nodules,  are  small  masses  found  in  the  middle  of  strata ;  the  first  be- 
ing commonly  in  a  friable  state ;  the  second  often  kidney-shaped,  or  tuberous ;  the  third 
nearly  round,  and  incrusted,  like  the  kernel  of  an  almond. 

Lodes,  or  large  veins,  are  flattened  masses,  with  their  opposite  surfaces  not  parallel, 
which  consequently  terminate  like  a  wedge,  at  a  greater  or  less  distance,  and  do  not  run 
parallel  with  the  rocky  strata  in  which  they  lie,  but  cross  them  in  a  direction  not  far 
from  the  perpendicular ;  often  traversing  several  diflferent  mineral  planes.  The  lodes  are 
sometimes  deranged  in  their  course,  so  as  to  pursue  for  a  little  way  the  space  between 
two  contiguous  strata ;  at  other  times  they  divide  into  several  branches.  The  matter 
which  fills  the  lodes  is  for  the  most  part  entirely  different  from  the  rocks  they  pass 
through,  or  at  least  it  possesses  peculiar  features. 

This  mode  of  existence,  exhibited  by  several  mineral  substances,  but  which  has 
been  long  known  with  regard  to  metallic  ores,  suggests  the  idea  of  clefts  or  rents 
having  been  made  in  the  stratum  posterior  to  its  consolidation,  and  of  the  vacuities 
having  been  filled  with  foreign  matter,  either  immediately  or  after  a  certain  interval. 
There  can  be  no  doubt  as  to  the  justness  of  the  first  part  of  the  proposition,  for  there 
may  be  observed  round  many  lodes  undeniable  proofs  of  the  movement  or  dislocation  of 
the  rock ;  for  example,  upon  each  side  of  the  rent,  the  same  strata  are  no  longer  situated 
in  the  same  plane  as  before,  but  make  greater  or  smaller  angles  with  it ;  or  the  stratum 
upon  one  side  of  the  lode  is  raised  considerably  above,  or  depressed  considerably  below, 
its  counterpart  upon  the  other  side.  With  regard  to  the  manner  in  which  the  rent  has 
been  filled,  different  opinions  may  be  entertained.  In  the  lodes  which  are  widest  near 
the  surface  of  the  ground,  and  graduate  into  a  thin  wedge  below,  the  foreign  matter 
would  seem  to  have  been  introduced  as  into  a  funnel  at  the  top,  and  to  have  carried 
along  with  it  in  its  fluid  state  portions  of  rounded  gravel  and  organic  remains.  In 
other  cases,  other  conceptions  seem  to  be  more  probable  ;  since  many  lodes  are  largest 
at  their  under  part,  and  become  progressively  narrower  as  they  approach  the  surface ; 
from  which  circumstance  it  has  been  inferred  that  the  rent  has  been  caused  by  an 
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expansive  force  acting  from  within  the  earth,  and  that  the  foreign  matter,  having  been 
injected  in  a  fluid  state,  has  afterwards  slowly  crystallized.  This  hypothesis  accounts 
much  better  than  the  other  for  most  of  the  phenomena  observable  in  mineral  veins,  for 
the  alterations  of  the  rock  at  their  sides,  for  the  crystallization  of  the  difi'erent  substances 
interspersed  in  them,  for  the  cavities  bestudded  with  little  crystals,  and  for  many  minute 
peculiarities.  Thus,  the  large  crystals  of  certain  substances  which  line  the  walls  of 
hollow  veins,  have  sometimes  their  under  surfaces  besprinkled  with  small  crystals  of 
sulphurets,  arseniurets,  &,c.,  while  their  upper  surfaces  are  quite  smooth ;  suggesting 
the  idea  of  a  slow  sublimation  of  these  volatile  matters  from  below,  by  the  residual 
heat,  and  their  condensation  upon  the  under  faces  of  the  crystalline  bodies,  already 
cooled.  This  phenomenon  affords  a  strong  indication  of  the  igneous  origin  of  metalli- 
ferous veins. 

In  the  lodes,  the  principal  matters  which  fill  them  are  to  be  distinguished  from  the 
accessory  substances  ;  the  latter  being  distributed  irregularly,  amidst  the  mass  of  the  first, 
in  crystals,  nodules,  grains,  seams,  &c.  The  non-metalliferous  exterior  portion,  which  is 
often  the  largest,  is  called  gangue,  from  the  German  gang,  vem.  The  position  of  a  vein 
is  denoted,  like  that  of  the  strata,  by  the  angle  of  inclination,  and  the  point  of  the  horizon 
towards  which  they  dip,  whence  the  direction  is  deduced. 

Veins,  are  merely  small  lodes,  which  sometimes  traverse  the  great  ones,  ramifying  in 
various  directions,  and  in  different  degrees  of  tenuity. 

A  metalliferous  substance  is  said  to  be  disseminated,  when  it  is  dispersed  in  crystals, 
spangles,  scales,  globules,  &c.,  through  a  large  mineral  mass. 

Certain  ores  which  contain  the  metals  most  indispensable  to  human  necessities,  have 
been  treasured  up  by  the  Creator  in  very  bountiful  deposites ;  constituting  either  great 
masses  in  rocks  of  different  kinds,  or  distributed  in  lodes,  veins,  nests,  concretions,  or  beds 
with  stony  and  earthy  admixtures  ;  the  whole  of  which  become  the  objects  of  mineral  ex- 
ploration. These  precious  stores  occur  in  different  stages  of  the  geological  formations  ; 
but  their  main  portion,  after  having  existed  abundantly  in  the  several  orders  of  the  pri- 
mary strata,  suddenly  cease  to  be  found  towards  the  middle  of  the  secondary.  Iron  ores 
are  the  only  ones  which  continue  among  the  more  modern  deposites,  even  so  high  as  the 
beds  immediately  beneath  the  chalk,  when  they  also  disappear,  or  exist  merely  as  color- 
ing matters  of  the  tertiary  earthy  beds. 

The  strata  of  gneiss  and  mica-slate  constitute  in  Europe  the  grand  metallic  domain. 
There  is  hardly  any  kind  of  ore  which  does  not  occur  there  in  sufficient  abundance  to 
become  the  object  of  mining  operations,  and  many  are  found  nowhere  else.  The  tran 
sition  rocks,  and  the  lower  part  of  the  secondary  ones,  are  not  so  rich,  neither  do  they 
contain  the  same  variety  of  ores.  But  this  order  of  things,  which  is  presented  by  Great 
Britain,  Germany,  France,  Sweden,  and  Norway,  is  far  from  forming  a  general  law  ;  since 
in  equinoctial  America  the  gneiss  is  but  little  metalliferous ;  while  the  superior  strata, 
such  as  the  clay-schists,  the  sienitic  porphyries,  the  limestones,  which  complete  the  tran- 
sition series,  as  also  several  secondary  deposites,  include  the  greater  portion  of  the  immense 
mineral  wealth  of  that  region  of  the  globe. 

All  the  substances  of  which  the  ordinary  metals  form  the  basis,  are  not  equally  abundant 
in  nature  ;  a  great  proportion  of  the  numerous  mineral  species  which  figure  in  our  classi- 
fications, are  mere  varieties  scattered  up  and  down  in  the  cavities  of  the  great  masses  or 
lodes.  The  workable  ores  are  few  in  number,  being  mostly  sulphurets,  some  oxydes,  and 
carbonates.  These  occasionally  form  of  themselves  very  large  masses,  but  more  frequent- 
ly they  are  blended  with  lumps  of  quartz,  feldspar,  and  carbonate  of  lime,  which  form  the 
main  body  of  the  deposite  ;  as  happens  always  in  proper  lodes.  The  ores  in  that  case  are 
arranged  in  small  layers  parallel  to  the  strata  of  the  formation,  or  in  small  veins  which 
traverse  the  rock  in  all  directions,  or  in  nests  or  concretions  stationed  irregularly,  or 
finally  disseminated  in  hardly  visible  particles.  These  deposites  sometimes  contain  appa- 
rently only  one  species  of  ore,  sometimes  several,  which  must  be  mined  together,  as  they 
seem  to  be  of  contemporaneous  formation ;  whilst,  in  other  cases,  they  are  separable, 
having  been  probably  formed  at  different  epochs.  In  treating  of  the  several  metals  in 
their  alphabetical  order,  I  have  taken  care  to  describe  their  peculiar  geological  positions, 
and  the  rocks  which  accompany  or  mineralize  them. 

In  mining,  as  in  architecture,  the  best  method  of  imparting  instruction  is  to  display 
the  master-pieces  of  the  respective  arts,  which  speak  clearly  to  the  mind  through  the 
medium  of  the  eye.  It  is  not  so  easy,  however,  to  represent  at  once  the  general  effect  of 
a  mine,  as  it  is  of  an  edifice;  because  there  is  no  point  of  sight  from  which  the  former 
can  be  sketched  at  once,  like  the  latter.  The  subterraneous  structures  certainly  afford 
some  of  the  finest  examples  of  the  useful  labors  of  man,  continued  for  a^es,  under  the 
guidance  of  science  and  ingenuity  ;  but,  however  curious,  beautiful,  and  grand  in  them- 
selves, they  cannot  become  objects  of  a  panoramic  view.  It  is  only  by  the  lights  of  ge 
ometry  and  geology  that  mines  can  be  contcmplnted  and  surveyed,  either  as  a  whole  or  in 
their  details ;  and,  therefore,  these  marvellous  subterranean  regions,  in  which  roads  are  cut 
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many  hundred  miles  long,  are  altogether  unknown  or  disregarded  by  men  of  the  world. 
Should  any  of  them,  perchance,  fjom  curiosity  or  interest,  descend  into  these  dark 
recesses  of  the  earth,  they  are  prepared  to  discover  only  a  few  insulated  objects  which  they 
may  think  strange  or  possibly  liideous ;  but  they  cannot  recognise  either  the  symmetrical 
disposition  of  mineral  bodies,  or  the  laws  which  govern  geological  phenomena,  and 
serve  as  sure  guides  to  the  skilful  miner  in  his  adventurous  search.  It  is  by  exact 
plans  and  sections  of  subterraneous  workings,  that  a  knowledge  of  the  nature,  extent, 
and  distribution  of  mineral  wealth  can  be  acquired. 

698.     A  general  view  of  mining  operations. 


As  there  is  no  country  in  the  world  so  truly  rich  and  powerful,  by  virtue  of  its  mineral 
stores,  as  Great  Britain,  so  there  are  no  people  who  ought  to  take  a  deeper  interest  in 
their  scientific  illustration.  I  have  endeavored  in  the  present  article  to  collect  from 
the  most  authentic  sources  the  most  interesting  and  instructive  examples  of  mining 
operations. 

To  the  magnificent  work  of  Ville-Fosse,  Sur  la  Richesse  Minerale,  no  longer  on  sale, 
I  have  to  acknowledge  weighty  obligations ;  many  of  the  figures  being  copied  from  his 
great  Atlas. 

Lodes  or  mineral  veins  are  usually  distinguished  by  English  miners  into  at  least  four 
species.  1.  The  rake  vein.  2.  The  pipe  vein.  3.  The  flat  or  dilated  vein;  and  4. 
The  interlaced  mass  (stock-werke),  indicating  the  union  of  a  multitude  of  small  veins 
mixed  in  every  possible  direction  with  each  other,  and  with  the  rock. 

1.  The  rafee  vein  is  a  perpendicular  mineral  fissure;  and  is  the  form  best  known 
among  practical  miners.  It  commonly  runs  in  a  straight  line,  beginning  at  the  super- 
ficies of  the  strata,  and  cutting  them  downwards,  generally  further  than  can  be  reached. 
This  vein  sometimes  stands  quite  perpendicular;  but  it  more  usually  inclines  or  hangs 
over  at  a  greater  or  smaller  angle,  or  slope,  which  is  called  by  the  miners  the  hade  or 
hading  of  the  vein.  The  line  of  direction  in  which  the  fissure  runs,  is  called  the  bearing 
of  the  vein. 

2.  The  pipe  vein  resembles  in  many  respects  a  huge  irregular  cavern,  pushing  forward 
into  the  body  of  the  earth  in  a  sloping  direction,  under  various  inclinations,  from  an 
angle  of  a  few  <legrees  to  the  horizon,  to  a  dip  of  45°,  or  more.  The  pipe  does  not  in 
general  cut  the  strata  across  like  the  rake  vein,  but  insinuates  itself  between  them  ;  so 
that  if  the  plane  of  the  strata  be  nearly  horizontal,  the  bearing  of  the  pipe  vein  will  be 
conformable;  but  if  the  strata  stand  up  at  a  liish  angle,  the  pipe  shoots  down  nearly 
headlong  like  a  shaft.  Some  pipes  are  very  wide  and  high,  others  are  very  low  and 
narrow,  sometimes  not  larger  than  a  common  mine  or  drift. 

3.  Thefiat  or  dilated  vein,  is  a  space  or  opening  between  two  strata  or  beds  of  stone, 
the  one  of  which  lies  above,  and  the  other  below  this  vein,  like  a  stratum  of  coal 
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between  its  roof  and  pavement ;  so  that  the  vein  and  the  strata  are  placed  in  the  same 
plane  of  inclination.  These  veins  are  subject,  like  coal,  to  be  interrupted,  broken,  and 
thrown  up  or  down  by  slips,  dikes,  or  other  interruptions  of  the  regular  strata.  In  the 
case  of  a  metallic  vein,  a  slip  often  increases  the  chance  of  finding  more  treasure.  Such 
veins  do  not  preserve  the  parallelism  of  their  beds,  characteristic  of  coal  seams ;  but 
vary  excessively  in  thickness  within  a  moderate  space.  Flat  veins  occur  frequently  in 
limestone,  either  in  a  horizontal  or  declining  direction.  The  fiat  or  strata  veins  open  and 
close,  as  the  rake  veins  also  do. 

4.  The  interlaced  mass  has  been  already  defined. 

To  these  may  be  added  the  accumulated  vein,  or  irregular  mass  (butzenwerke),  a  great 
deposite  placed  without  any  order  in  the  bosom  of  the  rocks,  apparently  filling  up  cavern- 
ous spaces. 

The  interlaced  masses  are  more  frequent  in  primitive  formations,  tnan  m  the  others ; 
and  tin  is  the  ore  which  most  commonly  affects  this  locality.     See  figure  of  Tin  mine. 

The  study  of  the  mineral  substances,  called  gangues  or  vein-stones,  which  usually 
accompany  the  different  ores,  is  indispensable  in  the  investigation  and  working  of  mines. 
These  gangues,  such  as  quartz,  calcareous  spar,  fluor  spar,  heavy  spar,  &c.,  and  a  great 
number  of  other  substances,  although  of  little  or  no  value  in  themselves,  become  of  great 
consequence  to  the  miner,  either  by  pointing  out  by  their  presence  that  of  certain  useful 
minerals,  or  by  characterizing  in  their  several  associations,  different  deposites  of  ores  of 
which  it  may  be  possible  to  follow  the  traces,  and  to  discriminate  the  relations,  often  of  a 
complicated  kind,  provided  we  observe  assiduously  the  accompanying  gangues. 

Mineral  veins  are  subject  to  derangements  in  their  course,  which  are  called  shifts  or 
faults.  Thus,  when  a  transverse  vein  throws  out,  or  intercepts,  a  longitudinal  one,  we 
must  commonly  look  for  the  rejected  vein  on  the  side  of  the  obtuse  angle  which  the 
direction  of  the  latter  makes  with  that  of  the  former.  When  a  bed  of  ore  is  deranged 
by  a  fault,  we  must  observe  whether  the  slip  of  the  strata  be  upwards  or  downwards ;  for 
in  either  circumstance,  it  is  only  by  pursuing  the  direction  of  the  fault  that  we  can 
recover  the  ore;  in  the  former  case  by  mounting,  in  the  latter  by  descending  beyond 
the  dislocation. 

When  two  veins  intersect  each  other,  the  direction  of  the  offcast  is  a  subject  of  interest, 
both  to  the  miner  and  the  geologist.  In  Saxony  it  is  considered  as  a  general  fact  that 
the  portion  thrown  out  is  always  upon  the  side  of  the  obtuse  angle,  a  circumstance  which 
holds  also  in  Cornwall ;  and  the  more  obtuse  the  angle,  the  out-throw  is  the  more  con- 
siderable. A  vein  may  be  thrown  out  on  meeting  another  vein,  in  a  line  which  approaches 
either  towards  its  inclination  or  its  direction.  The  Cornish  miners  use  two  different 
terms  to  denote  these  two  modes  of  rejection ;  for  the  first  case,  they  say  tlie  vein  is 
heaved ;  for  the  second,  it  is  started. 

The  great  copper  lode  of  Carharack,  d,fig.  699,  in  the  parish  of  Gwenap,  is  one  of  the 
699  most  instructive  examples  of  intersection.     The  power 

or  thickness  of  this  vein  is  8  feet ;  its  direction  is 
nearly  due  east  and  west,  and  it  dips  towards  the 
north  at  an  inclination  of  two  feet  per  fathom ;  its 
upper  part  being  in  the  killas  [a  greenish  clay-slate)  ; 
its  lower  part  in  the  granite.  The  lode  has  suffered 
two  intersections ;  the  first  produced  by  meeting  the 
vein  li,  called  Steven's  fiuckan,  which  runs  from  north- 
east to  south-west,  and  which  throws  the  lode 
several  fathoms  out ;  the  second  is  produced  by 
another  vein  i,  almost  at  right  angles  with  the  first,  and  which  occasions  another  out- 
throw  of  20  fathoms  to  the  right  side.  The  fall  of  the  vein  occurs  therefore  in  the  one 
case  to  the  right,  and  in  the  other  to  the  left ;  but  in  both  it  is  towards  the  side  of  the 
obtuse  angle.  This  distribution  is  very  singular;  for  one  part  of  the  vein  appears  to 
have  mounted  while  the  other  has  descended.  n.  s.  denotes  North  and  South,  d  is 
the  copper  lode  running  east  and  west,  h,  i,  are  systems  of  clay-slate  veins  called 
fluckans;  the  line  over  s,  represents  the  down  shift,  and  d'  the  up-shift. 

General  observations  on  the  localities  of  ores,  and  on  the  indications  of  metallic  mines. 

1.  Tin  exists  principally  in  primitive  rocks,  appearing  either  in  interlaced  masses,  in 
beds,  or  as  a  constituent  part  of  the  rock  itself,  and  more  rarely  in  distinct  veins.  Tin 
ore  is  found  indeed  sometimes  in  alluvial  land,  filling  up  low  situations  between  lofty 
mountains. 

2.  Gold  occurs  either  in  beds  or  in  veins,  frequently  in  primitive  rocks ;  though  in 
other  formations,  and  particularly  in  alluvial  earth,  it  is  also  found.  When  this  metal 
exists  in  the  bosom  of  primitive  rocks,  it  is  particularly  in  schists ;  it  is  not  found  in  serpen- 
tine, but  it  is  met  with  in  graywacke  in  Transylvania.     The  gold  of  alluvial  districts. 
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called  gold  of  washing  or  transport,  occurs,  as  well  as  alluvial  tin,  among  the  debiis  of 
the  more  ancient  rocks. 

3.  Silver  is  found  particularly  in  veins  and  beds,  in  primitive  and  transition  formations; 
though  some  veins  of  this  metal  occur  in  secondary  strata.  The  rocks  richest  in  it  are, 
gneiss,  mica-slate,  clay-slate,  graywacke,  and  old  alpine  limestone.  Localities  of  silver- 
ore  itself  are  not  numerous,  at  least  in  Europe,  among  secondary  formations;  but  it 
occurs  in  combination  with  the  ores  of  copper  or  of  lead. 

4.  Copper  exists  in  the  three  mineral  epochas  ;  1.  in  primitive  rocks,  principally  in  the 
state  of  pyritous  copper,  in  beds,  in  masses,  or  in  veins ;  2.  in  transition  districts,  some- 
times in  masses,  sometimes  in  veins  of  copper  pyrites;  3.  in  secondary  strata,  especially 
in  beds  of  cupreous  schist.  . 

5.  Lead  occurs  also  in  each  of  the  three  mineral  epochas  ;  abounding  particuleirly  in 
primitive  and  transition  grounds,  where  it  usually  constitutes  veins,  and  occasionally  beds 
of  sulphureted  lead  (galena).  The  same  ore  is  found  in  strata  or  in  veins  among 
secondary  rocks,  associated  now  and  then  with  ochreous  iron-oxyde  and  calamine 
(carbonate  of  zinc) ;  and  it  is  sometimes  disseminated  in  grains  through  more  recent 
strata. 

6.  Iron  is  met  with  in  four  different  mineral  eras,  but  in  different  ores.  Among  primi- 
tive rocks,  magnetic  iron  ore  and  specular  iron  ore  occur  chiefly  in  beds,  sometimes  of 
enormous  size ;  the  ores  of  red  or  brown  oxyde  of  iron  (hematite)  are  found  generally  in 
veins,  or  occasionally  in  masses  with  sparry  iron,  both  in  primitive  and  transition  rocks; 
as  also  sometimes  in  secondary  strata ;  but  more  frequently  in  the  coal-measure  strata,  as 
beds  of  clay-ironstone,  of  globular  iron  oxyde,  and  carbonate  of  iron.  In  alluvial  districts 
we  find  ores  of  clay-ironstone,  granular  iron-ore.  bog-ore,  swamp-ore,  and  meadow-ore. 
The  iron  ores  which  belong  to  the  primitive  period  have  almost  always  the  metallic  aspect, 
with  a  richness  amounting  even  to  80  per  cent,  of  iron,  while  the  ores  in  the  posterior 
formations  become  in  general  more  and  more  earthy,  down  to  those  in  alluvial  soils,  some 
of  which  present  the  appearance  of  a  common  stone,  and  afford  not  more  than  20  per 
cent,  of  metal,  though  its  quality  is  oflen  excellent. 

7.  Mercury  occurs  principally  among  secondary  strata,  in  disseminated  masses,  along 
with  combustible  substances ;  though  the  metal  is  met  with  occasionally  in  primitive 
countries. 

8.  Cobalt  belongs  to  the  three  mineral  epochas  ;  its  most  abundant  deposites  are  veins 
in  primitive  rocks ;  small  veins  containing  this  metal  are  found,  however,  in  secondary 
strata. 

9.  Antimony  occurs  in  veins  or  beds  among  primitive  and  transition  rocks. 

10.  11.  Bismuth  and  nickel  do  not  appear  to  constitute  the  predominating  substance 
of  any  mineral  deposites ;  but  they  often  accompany  cobalt. 

12.  Zinc  occurs  in  the  three  several  formations  :  namely,  as  sulphuret  or  blende,  partic- 
ularly in  primitive  and  transition  rocks ;  as  calamine,  in  secondaiT  strata,  usually  along 
with  oxyde  of  iron,  and  sometimes  with  sulphuret  of  lead. 

An  acquaintance  with  the  general  results  collected  and  classified  by  geology  must  be 
our  first  guide  in  the  investigation  of  mines.  This  enables  the  observer  to  judge  whether 
any  particular  district  should,  from  thp  nature  and  arrangement  of  its  rocks,  be  suscepti- 
ble of  including  within  its  bosom,  beds  of  workable  ores ;  it  indicates  also,  to  a  certain 
degree,  what  substances  may  probably  be  met  with  in  a  given  series  of  rocks,  and  what 
locality  these  substances  will  preferably  affect.  For  want  of  a  knowledge  of  these  facts, 
many  persons  have  gone  blindly  into  researches  equally  absurd  ami  ruinous. 

Formerly,  indications  of  mines  were  taken  from  very  unimportant  circumstances; 
from  thermal  waters,  the  heat  of  which  was  gratuitously  referred  to  the  decomposition  of 
pyrites  ;  from  mineral  waters,  whose  course  is  however  often  from  a  far  distant  source  ; 
from  vapors  incumbent  over  particular  mountain  gi-oups ;  from  the  snows  melting  faster 
in  one  mineral  district  than  another  ;  from  the  different  species  of  forest  trees,  and  from 
the  greater  or  less  vigor  of  vegetation,  &.c.  In  general,  all  such  indications  are  equally 
fallacious  with  the  divining  rod,  and  the  compass  made  of  a  lump  of  pyrites  suspended  by 
a  thread. 

Geognostic  obser\'ation  has  substituted  more  rational  characters  of  metallic  deposites, 
some  of  which  may  be  called  negative  and  others  positive. 

The  negative  indications  are  derived  from  that  peculiar  geological  constitution,  which 
from  experience  or  general  principles  excludes  certain  metallic  matters ;  for  example, 
granite,  and  in  general  every  primitive  formation,  forbids  the  hope  of  finding  within  them 
combustible  fossils  (pit-coal,)  unless  it  be  beds  of  anthracite  ;  there  also  it  would  be  vain 
to  seek  for  sal  gem.  It  is  very  seldom  that  granite  rocks  include  silver ;  or  limestones, 
ores  of  tin.  Volcanic  territories  never  afford  any  metallic  ores  worth  the  working;  nor 
do  extensive  veins  usually  run  into  secondary  and  alluvial  formations.  The  richei  ores 
of  iron  do  not  occur  in  secondary  strata ;  and  the  ores  of  this  metal  peculiar  to  these 
localities,  do  not  exist  among  primary  rocks. 
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Among  positive  indications,  some  are  proximate  and  others  remote.  The  proximate 
are,  an  efflorescence,  so  to  speak,  of  the  subjacent  metallic  masses;  magnetic  attraction 
for  iron  ores  ;  bituminous  stone,  or  inflammable  gas  for  pit-coal ;  the  frequent  occurrence 
of  fragments  of  particular  ores,  &c.  The  remote  indications  consist  in  the  geological 
epocha,  and  nature  of  the  rocks.  From  the  examples  previously  adduced,  marks  of 
ihis  kind  acquire  new  importance  when  in  a  district  susceptible  of  including  deposites  of 
workable  ores,  the  gangues  or  vein-stones  are  met  with  which  usually  accompany  any 
particular  metal.  The  general  aspect  of  mountains  whose  flanks  present  gentle  and 
coitinuous  slopes,  the  frequency  of  sterile  veins,  the  presence  of  metalliferous  sands,  the 
neighborhood  of  some  known  locality  of  an  ore,  for  instance,  that  of  iron-stone  in 
refe-ence  to  coal,  lastly,  the  existence  of  salt  springs  and  mineral  waters,  may  furnish 
somt  indications  ;  but  when  ferruginous  or  cupreous  waters  issue  from  sands  or  clays, 
such  -^hajacters  merit  in  general  little  attention,  because  the  waters  may  flow  from  a  great 
distan-.e.  No  greater  importance  can  be  attached  to  metalliferous  sands  and  saline 
springs. 

In  sfeaking  of  remote  indications,  we  may  remark  that  in  several  places,  and  partic- 
ularly rear  Clausthal  in  the  Hartz,  a  certain  ore  of  red  oxyde  of  iron  occurs  above  the 
most  abmdant  deposites  of  the  ores  of  lead  and  silver ;  whence  it  has  been  named  by 
the  Gernuns  the  iron-hat.  It  appears  that  the  iron  ore  rich  in  silver,  which  is  worked 
in  Americi  under  the  name  ofpacos,  has  some  analogy  with  this  substance ;  but  iron  ore 
is  in  gener\l  so  plentifully  diffused  on  the  surface  of  the  soil,  that  its  presence  can  be  re- 
garded as  mly  a  remote  indication,  relative  to  other  mineral  substances,  except  in  the 
case  of  clayiron-stone  with  coal. 

Of  the  iniriiments  and  operations  of  siibterranean  operations. — It  is  by  the  aid  of  ge- 
ometry in  thefirst  place  that  the  miner  studies  the  situation  of  the  mineral  deposites,  on 
the  surface  ad  in  the  interior  of  the  ground  ;  determines  the  several  relations  of  the 
veins  and  the  i>cks ;  and  becomes  capable  of  directing  the  perforations  towards  a  suitable 
end.  \ 

The  instrum»!its  are,  1.  the  magnetic  compass,  which  is  employed  to  measure  the 
direction  of  a  mtallic  ore,  wherever  the  neighborhood  of  iron  does  not  interfere  with  its 
functions  ;  2.  the^raduated  semi-circle,  which  serves  to  measure  the  inclination,  which  is 
also  called  the  clikjmeter. 

3.  The  chain  or«ord  for  measuring  the  distance  of  one  point  from  another. 

4.  When  the  neihborhood  of  iron  renders  the  use  of  the  magnet  uncertain,  a  plate  or 
plane  table  is  emploed. 

The  dials  of  the  Cmpasses  generally  used  in  the  most  celebrated  mines,  are  graduated 
into  hours  ;  most  coimonly  into  twice  12  hours,  t^ius  the  whole  limb  is  divided  into 
24  spaces,  each  of  'hich  contains  15°  =  1  hour.  Each  hour  is  subdivided  into  8 
parts. 

Means  of  penetrating'nto  the  interior  of  the  earth. — In  order  to  penetrate  into  the  inte- 
rior of  the  earth,  and  tOjxtract  from  it  the  objects  of  his  toils,  the  miner  has  at  his  dis- 
posal several  means,  wlch  may  be  divided  into  three  classes;  1.  manual  tools,  2.  gun- 
powder, and  3.  fire. 

The  tools  used  by  the  n^ers  of  Cornwall  and  Devonshire  are  the  following : 

Fig.  700.  The  pick.  Its  a  light  tool,  and  somewhat  varied  in  shape  according  to  cir- 
703  702  700 


cumstances.  One  side  used  as  a  hamma:  is  ^Ugj}  the  poll,  and  is  employed  to  drive  in 
the  gads,  or  to  loosen  and  detach  prominences,  jjjg  p^^^^f  jg  ^f  g^gg]^  carefully  tempered, 
and  drawn  under  the  hammer  to  the  prober  form   jj^g  Fjendi  ^all  it  pointerolle.' 


842 


MINES. 


Fig.  70  J.  The  gad.  It  is  a  wedge  of  steel,  driven  into  crevices  of  rocks,  or  into  small 
openings  made  with  the  point  of  the  pick. 

Fig,  702.  The  miner's  shovel.  It  has  a  pointed  form,  to  enable  it  to  penetrate  among 
the  coarse  and  hard  fragments  of  the  mine  rubbish.  Its  handle  being  somewhat  bent,  a 
man's  power  may  be  conveniently  applied  without  bending  his  body. 

The  blasting  or  shooting  tools  are  : — 


A  sledge  or  mallet 
Borer 

Claying  bar 
Needle  or  nail 
Scraper 
Tamping  bar 


fig-  703. 

—  704. 

—  705. 

—  706. 

—  707. 

—  708. 


Besides  these  tools  the  miner  requires  a  powder-horn,  rushes  to  be  filled  with  funpow- 
der,  tin  cartridses  for  occasional  use  in  wet  ground,  and  paper  rubbed  over  with  ^'unpow- 
der  or  grease,  for  the  smifis  or  fuses. 

The  borer,  Jig.  704,  is  an  iron  bar  tipped  with  steel,  formed  like  a  thick  oiisel,  and 
is  used  by  one  man  holding  it  straight  in  the  hole  with  constant  rotation  on  its  ixis,  while 
another  strikes  the  head  of  it  with  the  iron  sledge  or  mallet,  fig.  703.  The  ho6  is  cleared 
out  from  time  to  time  by  the  scraper,  ^g.  707,  which  is  a  flat  iron  rod  turn*!  up  at  one 
end.  If  the  ground  be  very  wet,  and  the  hole  gets  full  of  mud,  it  is  cleaned  c-it  by  a  stick 
bent  at  the  end  into  a  fibrous  brush,  callel  a  swab-stick. 

Fig.  709  represents  the  plan  of  blasting  the  rock,  and  a  section  of  a  'ole  ready  for 

firing.  The  hole  must  h  rendered  as 
dry  as  possible,  which  i  effected  very 
simply  by  filling  it  party  with  tenaci- 
ous clay,  and  then  djving  into  it  a 
tapering  iron  rod,  whi«i  nearly  fills  its 
calibre,  called  the  dying  bar.  This 
being  forced  in  wi«  great  violence, 
condenses  the  clay  ito  all  the  crevices 
of  the  rock,  and  se<Jres  the  dryness  of 
the  hole.  Should  this  plan  fail,  re- 
course is  had  to  ti  cartridges  furnish- 
ed with  a  stem  o?  tube,  (see  fig.  710,) 
through  which  It  powder  may  be  in- 

flamed.      When  the    hole  is   dry,   and 

the  charge  of  powder  introduced,  the  nail,  a  small  taper  rod  of^opper,  is  inserted  so  as 
to  reach  the  bottom  of  the  hole,  which  is  now  ready  for  tampi^.  By  this  difficult  and 
dangerous  process,  the  gunpowder  is  confined,  and  the  di'uptive  effect  produced. 
Different  substances  are  employed  for  tamping,  or  crammin'  the  hole,  the  most  usual 
one  being  any  soft  species  of  rock  free  from  silicious  or  fliiy  particles.  Small  quan- 
tities of  it  only  are  introduced  at  a  time,  and  rammed  vc  hard  by  the  tamping-bar, 
which  is  held  steadily  by  one  man,  and  struck  with  a  slJge  by  another.  The  hole 
being  thus  filled,  the  nail  is  withdrawn  by  putting  a  bar  nrough  its  eye,  and  striking 
it  upwards.  Thus  a  small  perforation  or  vent  is  left  for  <e  rush  which  communicates 
the  fire. 

Besides  the  improved  tamping-bar  faced  with  hard  cPP^r,  other  contrivances  have 
been  resorted  to  for  diminishing  the  risk  of  those  dreadfi  accidents  that  frequently  occur 
in  this  operation.  Dry  sand  is  sometimes  used  as  a  tarn'"?  material,  but  there  are  many 
rocks  for  the  blasting  of  which  it  is  ineffective.  TougN^ay  will  answer  better  in  several 
situations. 

For  'conveying  the  fire,  the  large  and  long  gre'  rushes  which  grow  in  marshy 
ground  are  selected.  A  slit  is  made  in  one  side  o  the  rush,  along  which  the  sharp 
end  of  a  bit  of  stick  is  drawn,  so  as  to  extract  the  phj  when  the  skin  of  the  rush  closes 
again  by  its  own  elasticity.  This  tube  is  filled  v  with  gunpowder,  dropped  into  the 
vent-hole,  and  made  steady  with  a  bit  of  clay.  A'lPer  smift,  adjusted  to  burn  a  propei 
time,  is  then  fixed  to  the  top  of  the  rush-tube,  ant'^iidled,  when  the  men  of  the  mine  re- 
tire to  a  safe  distance. 

In  fig.  709  the  portion  of  the  rock  which  -^u'd  be  dislodged  by  the  explosion,  is 
that  included  between  a  and  e.  The  charge  oPO'^vder  is  represented  by  the  white  part 
which  fills  the  hole  up  to  c  ;  from  which  point*^  the  top,  the  hole  is  filled  with  tamping. 
The  smift  is  shown  at  d. 

Fig.  711  is  an  iron  bucket,  or  as  it  is  cal^'  '"  Cornwall,  a  kibble,  in  which  the  ore 
is  raised  in  the  shafts,  by  machines  callet'-^''^*''*?  worked  by  horses.     The  best  kibbles 
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are  made  of  sheet-iron,  and  hold  each  about  tliree  hundred  weight  of  ore  :    120  kibbles 
are  supposed  to  clear  a  cubic  fathom  of  rock. 

712 


Fig.  712  represent  the  wheelbarrow  used  under  ground  for  conveying  ore  and  waste 
to  the  foot  of  the  shals.  It  is  made  of  light  deal,  except  the  wheel,  which  has  a  narrow 
rim  of  iron. 

Fig.  713  represents  Mr.  Taylor's  ingenious  ventilator,  or  machine  for  renewing  fresh 
air  in  iTiines.  It  is  so  Smple  in  construction,  so  complete  in  its  operation,  requires  so 
little  power  to  work  it,  &id  is  so  little  liable  to  injury  from  wear,  that  nothing  further 
of  the  kind  can  be  desire\  in  ordinary  metallic  mines.  The  shaft  of  the  mine  is  repre- 
sented at  A  ;  at  either  tht  top  or  bottom  of  which  the  machine  may  be  placed,  as  is 
found  most  convenient,  butthe  foul  air  must  be  discharged  into  a  floor,  furnished  with 
a  valve-door  to  prevent  its  pturn  into  the  mine,  b  is  the  air-pipe  from  the  mine,  pass- 
ing through  the  bottom  of  thv  fixed  vessel  or  cylinder  c,  which  is  formed  of  timber,  and 
bound  with  iron  hoops.  It  is\lled  with  water  nearly  to  the  top  of  the  pipe  b,  on  which 
is  fixed  a  valve  opening  upwads  at  d.  e,  the  air,  or  exhausting  cylinder  of  cast-iron, 
open  at  bottom,  and  suspended  ver  the  air-pipe,  but  immersed  some  way  in  the  water. 
It  is  furnished  with  a  wooden  ta^  having  an  aperture  fitted  with  a  valve  likewise  open- 
ing upwards  at  f.  This  exhausti\£r  cylinder  is  moved  up  and  down  by  the  bob,  g,  brought 
into  connexion  with  any  engine,  V  the  horizontal  rod  h  ;  the  weight  of  the  cylinder 
being  balanced,  if  necessary,  by  thvcounterpoise  i.  The  action  is  as  follows  :  —  When 
the  cylinder  rises,  the  air  from  the  \ine  rushes  up  through  the  pipe  and  valve  d  j  and 
when  it  descends,  this  valve  shuts,  avj  prevents  the  return  of  the  air,  which  is  expelled 
through  the  valve  f.  "With  a  cylindfe  two  feet  in  diameter  and  six  feet  long,  working 
from  two  to  three  strokes  per  minutv  200  gallons  of  air  may  be  discharged  in  the 
same  time. 

Gunpowder  is  the  most  valuable  agen^f  excavation  ;  possessing  a  power  which  has 
no  limit,  and  which  can  act  everywhere,  yen  under  water.  Its  introduction,  in  1615, 
caused  a  great  revolution  in  the  mining  ar 

It  is  employed  in  mines  in  diflerent  manti-g^  and  in  different  quantities,  according  to 
circumstances.  In  all  cases,  however,  the  hcess  resolves  itself  into  borin?  a  hole,  and 
enclosing  a  cartridge  in  it,  which  is  afterwai^  n^ade  to  explode.  The  hole  is  alwavs 
cylindrical,  and  is  usually  made  by  means  ofi^g  borer,^g.  704,  a  stem  of  iron,  term"i- 
nated  by  a  blunt-edged  chisel.  It  sometimes  e^s  in  a  cross,  formed  by  two  chisels  set 
transversely.  The  workman  holds  the  stem  in  ^s  left  hand,  and  strikes  it  with  an  iron 
mallet  held  in  his  right.  He  is  careful  to  turn  .g  pu„ch  a  very  little  round  at  every 
stroke.  Several  punches  are  employed  in  successVi^  to  bore  one  hole  ;  the  first  shorter, 
the  latter  ones  longer,  and  somewhat  thinner.  Th  cubbish  is  withdrawn  as  it  accumu- 
lates, at  the  bottom  of  the  hole,  by  means  of  a  pic^r,  which  is  a  small  spoon  or  disc 
of  iron  fLxed  at  the  end  of  a  slender  iron  rod.     W^^^  holes  of  a  large  size  are  to  be 
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made,  several  men  must  be  employed  ;  one  to  hold  the  punch,  and  one  or  more  to  wield 
the  iron  mallet.  The  perforations  are  seldom  less  than  an  inch  in  diameter,  and  18  inches 
deep  ;  but  they  are  sometimes  two  inches  wide,  with  a  depth  of  50  inches. 

The  gunpowder,  when  used,  is  most  commonly  put  up  in  paper  cartridges.  Into  ihe 
side  of  the  cartridge,  a  small  cylindrical  spindle  or  piercer  is  pushed.  In  this  state  the 
cartridge  is  forced  down  to  the  bottom  of  the  hole,  which  is  then  stuffed,  by  means  of  the 
tamping  har,  fig.  708,  with  bits  of  dry  clay,  or  friable  stones  coarsely  pounded.*  The 
piercer  is  now  withdrawn,  which  leaves  in  its  place  a  channel  through  which  fire  may  be 
conveyed  to  the  charge.  This  is  executed  either  by  pouring  gunpowder  into  that  passage, 
or  by  inserting  into  it  reeds,  straw  stems,  quills,  or  tubes  of  paper  filled  with  gunpowder. 
This  is  exploded  by  a  long  match,  which  the  workmen  kindle,  and  then  retire  to  x  place 
of  safety. 

As  the  piercer  must  not  only  be  slender,  but  stiff,  so  as  to  be  easily  withdravn  when 
the  hole  is  tamped,  iron  spindles  are  usually  employed,  though  they  occasionally  give 
rise  to  sparks,  and  consequently  to  dangerous  accidents,  by  their  friction  agains-  the  sides 
of  the  hole.  Brass  piercers  have  been  sometimes  tried  j  but  they  twist  and  break  too 
readily. 

Each  hole  bored  in  a  mine,  should  be  so  placed  in  reference  to  the  schistose  structure 
of  the  rock,  and  to  its  natural  fissures,  as  to  attack  and  blow  up  the  least  resisting  masses. 
Sometimes  the  rock  is  prepared  beforehand  for  splitting  in  a  certain  direction,  by  means 
of  a  narrow  channel  excavated  with  the  small  liammer. 

The  quantity  of  gunpowder  should  be  proportional  to  the  depth  of  the  lole,  and  the  re- 
sistance of  the  rock,  and  merely  sufficient  to  split  it.  Anything  additiona  would  serve  no 
other  purpose  than  to  throw  the  fragments  about  the  mine,  without  incieasing  the  useful 
effect.  Into  the  holes  of  about  an  inch  and  a  quarter  diameter,  and  18  inc'es  deep,  only  two 
ounces  of  gunpowder  are  put. 

It  appears  that  the  effect  of  the  gunpowder  may  be  augmented  b'  leaving  an  empty 
space  above,  in  the  middle  of,  or  beneath  tlie  cartridge.  In  the  minis  of  Silesia,  the  con- 
sumption of  gunpowder  has  been  eventually  reduced,  without  (iminishing  the  pro- 
duct of  the  blasts,  by  mixing  sawdust  with  it,  in  certain  proportions,  f  he  hole  has  also  been 
filled  up  with  sand  in  some  cases,  according  to  Mr.  Jessop's  'ian,  instead  of  being 
packed  with  stones,  which  has  removed  the  danger  of  the  tampi'g  operation.  The  ex- 
periments made  in  this  way  have  given  results  very  advantageous  in  quarry  blasts 
with  great  charges  of  gunpowder;  but  less  favorable  in  the  small  charges  employed 
in  mines. 

Water  does  not  oppose  an  insurmountable  obstacle  to  the  fnployment  of  gunpowder  ; 
but  when  the  hole  cannot  be  made  dry,  a  cartridge  bag  impermeable  to  water  must  be  had 
recourse  to,  provided  with  a  tube  also  impermeable,  in  whic"  ihe  piercer  is  placed. 

After  the  explosion  of  each  mining  charge,  wedges  and^evers  are  employed,  to  drag 
away  and  break  down  what  has  been  shattered. 

Wherever  the  rock  is  tolerably  hard,  the  use  of  gunp'wder  is  more  economical  and 
more  rapid  than  any  tool-work,  and  is  therefore  alv»ys  preferred.  A  gallery,  for 
example,  a  yard  and  a  half  high,  and  a  yard  wide,  the  >ercing  of  which  by  the  hammer 
formerly  cost  from  five  to  ten  pounds  sterling  the  running  yard,  in  German)',  is 
executed  at  the  present  day  by  gunpowder  at  from  «^o  to  three  pounds.  When,  how- 
ever, a  precious  mass  of  ore  is  to  be  detached,  when  he  rock  is  cavernous,  which  nearly 
nullifies  the  action  of  gunpowder,  or  when  there  iffeason  to  apprehend  that  the  shoclf 
caused  by  the  explosion  may  produce  an  injurious  all  of  rubbish,  hand-tools  alone  must 
be  employed. 

In  certain  rocks  and  ores  of  extreme  hardnes'  *he  use  both  of  tools  and  gunpowder 
becomes  very  tedious  and  costly.  Examples  t  this  effect  are  seen,  in  the  mass  of 
quartz  mingled  with  copper  pyrites,  worked ^t  Rammelsberg,  in  the  Hartz,  in  the 
masses  of  stanniferous  granite  of  Geyer  anM^lenberg  in  the  Erzgebirge  of  Saxony, 
&.C.  In  these  circumstances,  fortunately  ^-Y  ''are,  the  action  of  fire  is  used  with 
advantage  to  diminish  the  cohesion  of  the  rr'^s  and  the  ores.  The  employment  of  this 
agent  is  not  necessarily  restricted  to  these  'fficult  cases.  It  was  formerly  applied  very 
often  to  the  working  of  hard  substances  ^^^  the  introduction  of  gunpowder  into  the 
mining  art,  and  Ihe  increase  in  the  price*^  wood,  occasion  fire  to  be  little  used  as  an 
ordinary  means  of  excavation,  except  in  '^^es  where  the  scantiness  of  the  poulation  has 

*  Sir  Hose  Price  invented  a  cap  of  bronzy""'?}''  '"  *'f  '^"^  lower  end  of  the  iron  rod  ;  a  contrivance 
now  generally  used  in  Cornwall.  Before  the^'""'"?'''^'  Society  of  that  county  introduced  this  invention 
into  practice,  scarcely  a  month  elapsed  v"""'  ^""'^  dreadful  explosion  sending  the  miner  to  an  un- 
timely grave,  or  so  injunnB-  him  by  blow?  ""'  '"^  ^y^^,  or  shattering-  his  limbs,  as  to  render  him  a 
miserable  object  of  charity  for  the  rest  of'*  '^'^P]  Scarcely  has  any  accident  happened  since  the  em- 
ployment of  the  new  tamping-bar.  Whe-''"'  whole  bar  was  made  of  the  tin  and  copper  aUoy  it  was  ex- 
pensive, and  apt  to  bend  :  but  the  iron  rcf'PV^'^  ^'^h  the  bronze  is  both  cheap  and  effectual.  An  ingenious 
instrument,  called  the  shifting  cartridge  ''^^  invented  by  Mr  Chinalls,  and  is  described  in  the  Trotisactions 
of  the  above  sooiety. 
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left  a  great  extent  of  forest  timber,  as  happens  at  Kongsberg  in  Norway,  at  Dannemora 
in  Sweden,  at  Felsobanya  in  Transylvania,  &c. 

The  action  of  fire  may  be  applied  to  the  piercing  of  a  gallery,  or  to  the  advancement 
of  a  horizontal  cut,  or  to  the  crumbling  down  of  a  mass  of  ore,  by  the  successive 
upraising  of  the  roof  of  a  gallery  already  pierced.  In  any  of  these  cases,  the  process 
consists  in  forming  bonfires,  the  flame  of  which  is  made  to  play  upon  the  parts  to  be 
attacked.  All  the  workmen  must  be  removed  from  the  mine,  during,  and  even  for 
some  time  after,  the  combustion.  When  the  excavations  have  become  sufficiently  cool 
to  allow  them  to  enter,  they  break  down  with  levers  and  wedges,  or  even  by  means  of 
gunpowder,  the  masses  which  have  been  rent  and  altered  by  the  fire. 

To  complete  our  account  of  the  manner  in  which  man  may  penetrate  into  the  interior 
of  the  earth,  we  must  point  out  the  form  of  the  excavations  that  he  should  make  in  it. 

In  mines,  three  principal  species  of  excavations  may  be  distinguished ;  viz.,  shafts, 
galleries,  and  the  cavities  of  greater  or  less  magnitude  which  remain  in  the  room  of  the 
old  workings. 

A  shaft  or  pit  is  a  prismatic  or  cylindrical  hollow  space,  the  axis  of  which  is  cither 
vertical  or  much  inclined  to  the  horizon.  The  dimension  of  the  pit,  which  is  never  less 
than  32  inches  in  its  narrowest  diameter,  amounts  sometimes  to  several  yards.  Its  depth 
may  extend  to  1000  feet,  and  more.  AVhenever  a  shaft  is  opened,  means  must  be  pro- 
vided to  extract  the  rubbish  which  continually  tends  to  accumulate  at  its  bottom,  as  well 
as  the  waters  which  may  percolate  down  into  it ;  as  also  to  facilitate  the  descent  and 
ascent  of  the  workmen.  For  some  time  a  wheel  and  axle  erected  over  the  mouth  of  the 
opening,  which  serve  to  elevate  one  or  two  buckets  of  proper  dimensions,  may  be  suffi- 
cient for  most  of  these  purposes.  But  such  a  machine  becomes  ere  long  inadequate. 
Horse-whims,  or  powerful  steam-engines,  must  then  be  had  recourse  to ;  and  efi'ectual 
methods  of  support  must  be  employed  to  prevent  the  sides  of  the  shaft  from  crumbling 
and  falling  down. 

A  Gallery  is  a  prismatic  space,  the  straight  or  winding  axis  of  which  does  not  usually 
deviate  much  from  the  horizontal  line.  Two  principal  species  are  distinguished ;  the 
galleries  of  elongation,  which  follow  the  direction  of  a  bed  or  a  vein  ;  and  the  transverse 
galleries,  which  intersect  this  direction  under  an  angle  not  much  diflerent  from  90°. 
The  most  ordinary  dimensions  of  galleries  are  a  yard  wide,  and  two  yards  high  ;  but 
many  still  larger  may  be  seen  traversing  thick  deposites  of  ore.  There  are  few  whose 
width  is  less  than  24  inches,  and  height  less  than  40 ;  such  small  drifts  serve  merely  as 
temporary  expedients  in  workings.  Some  galleries  are  several  leagues  in  length.  We 
shall  describe  in  the  sequel  the  means  which  are  for  the  most  part  necessary  to  support 
the  roof  and  the  walls.  The  rubbish  is  removed  by  wagons  or  wheelbarrows  of 
various  kinds.     See  fig.  712. 

It  is  impossible  to  advance  the  boring  of  a  shaft  or  gallery  beyond  a  certain  rate,  because 
only  a  limited  set  of  workmen  can  be  made  to  bear  upon  it.  There  are  some  galleries 
which  have  taken  more  than  30  years  to  perforate.  The  only  expedient  for  accelerating 
the  advance  of  a  gallery,  is  to  commence,  at  several  points  of  the  line  to  be  pursued, 
portions  of  galleries  which  may  be  joined  together  on  their  completion. 

Whether  tools  or  gunpowder  be  used  in  making  the  excavations,  they  should  be  so 
applied  as  to  render  the  labor  as  easy  and  quick  as  possible,  by  disengaging  the  mass 
out  cf  the  rock  at  two  or  three  of  its  faces.  The  eflect  of  gunpowder,  wedges,  or  picks, 
is  then  much  more  powerful.  The  greater  the  excavation,  the  more  important  is  it  to 
observe  this  rule.  With  this  intent,  the  working  is  disposed  in  the  form  of  steps, 
{grading),  placed  like  those  of  a  stair ;  each  step  being  removed  in  successive  portions, 
the  whole  of  which,  except  the  last,  are  disengaged  on  three  sides,  at  the  instant  of  their 
being  attacked. 

The  substances  to  be  mined  occur  in  the  bosom  of  the  earth,  under  the  form  of 
alluvial  deposites,  beds,  pipe-veins,  or  masses,  threads  or  small  veins,  and  rake-veins. 

When  the  existence  of  a  deposite  of  ore  is  merely  suspected,  without  positive  proofs, 
recourse  must  be  had  to  labors  of  research,  in  order  to  ascertain  the  richness,  nature, 
and  disposition  of  a  supposed  mine.  These  are  divided  into  three  kinds  ;  open  workings, 
subterranean  workings,  and  boring  operations. 

1.  The  icorking  by  an  open  trench,  has  for  its  object  to  discover  the  outcropping  or 
basset  edges  of  strata  or  veins.  It  consists  in  opening  a  fosse  of  greater  or  less  width, 
which,  aftei'  removing  the  vegetable  mould,  the  alluvial  deposites,  and  the  matters  dis- 
integrated by  the  atmosphere,  discloses  the  native  rocks,  and  enables  us  to  distinguish 
the  beds  which  are  interposed,  as  well  as  the  veins  that  traverse  them.  The  trench  ought 
always  to  be  opened  in  a  direction  perpendicular  to  the  line  of  the  supposed  deposite. 
This  mode  of  investigation  costs  little,  but  it  seldom  gives  much  insight.  It  is  chiefly 
employed  for  verifying  the  existence  of  a  supposed  bed  or  vein. 

The  subterranean  workings  aflford  much  more  satisfactory  knowledge.  They  are 
executed  by  diflTerent  kinds  of  perforations ;  viz..  by  longitudinal  galleries  hollowed  out 
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of  the  mass  of  the  beds  or  veins  themselves,  in  following  their  course ;  by  transverse 
galleries,  pushed  at  right  angles  to  the  direction  of  the  veins ;  by  inclined  shafts,  which 
pursue  the  slope  of  the  deposites,  and  are  excavated  in  their  mass ;  or,  lastly,  by  perperv- 
dicular  pits. 

If  a  vein  or  bed  unveils  itself  on  the  flank  of  a  mountain,  it  may  be  explored,  according 
to  the  greater  or  less  slope  of  its  inclination,  either  by  a  longitudinal  gallery  opened  in 
its  mass,  from  the  outcropping  surface,  or  by  a  transverse  gallery  falling  upon  it  in  a  cer- 
tain point,  from  which  either  an  oblong  gallery  or  a  sloping  shaft  may  be  opened. 

If  our  object  be  to  reconnoitre  a  highly  inclined  stratum,  or  a  vein  in  a  level  country, 
we  shall  obtain  it  with  sufficient  precision,  by  means  of  shafts,  8  or  10  yards  deep,  dug 
at  30  yards  distance  from  one  another ;  excavated  in  the  mass  of  ore,  in  the  direction  of 
its  deposite.  If  the  bed  is  not  very  much  inclined,  only  45°,  for  example,  vertical  shafts 
must  be  opened  in  the  direction  of  its  roof,  or  of  the  superjacent  rocky  stratum,  and 
galleries  must  be  driven  from  the  points  in  which  they  meet  the  ore,  in  the  line  of  its 
direction. 

When  the  rocks  which  cover  valuable  minerals  are  not  of  very  great  hardness,  as 
happens  generally  with  the  coal  formation,  with  pyritous  and  aluminous  slates,  sal  gem, 
and  some  other  minerals  of  the  secondary  strata,  the  borer  is  emjiloyed  with  advantage  to 
ascertain  their  nature.  This  mode  of  investigation  is  economical,  and  gives,  in  such 
cases,  a  tolerably  exact  insight  into  the  riches  of  the  interior.  The  method  of  using  the 
borer  has  been  described  under  Artesian  Wei.ls. 

OF    MINING    IN    PARTICULAR. 

The  mode  of  working  mines  is  two-fold  ;  by  open  excavations,  and  subterranean. 

Workings  in  the  open  air  present  few  difficulties,  and  occasion  little  expense,  unless 
when  pushed  to  a  great  depth.  They  are  always  preferred  for  working  deposites  little 
distant  from  the  surface ;  where,  in  fact,  other  methods  cannot  be  resorted  to,  if  the 
substance  to  be  raised  be  covered  with  incoherent  matters.  The  only  rules  to  be 
observed  are,  to  arrange  the  workings  in  terraces,  so  as  to  facilitate  the  cuttins  down  of 
the  earth;  to  transport  the  ores  and  the  rubbish  to  their  destination  at  the  least  possible 
expense  ;  and  to  guard  against  the  crumbling  down  of  the  sides.  With  the  latter  view, 
they  ousht  to  have  a  suitable  slope,  or  to  be  propped  by  timbers  whenever  they  are  not 
quite  solid. 

Open  workings  are  employed  for  valuble  clays,  sands,  as  also  for  the  alluvial  soils  of 
diamonds,  gold,  and  oxyde  of  tin,  bog  iron  ores,  &c.,  limestones,  gypsums,  building  stones, 
roofing  slates,  masses  of  rock  salt  in  some  situations,  and  certain  deposites  of  ores,  partic- 
ularly the  specular  iron  of  the  island  of  Elba ;  the  masses  of  stanniferous  granite  of 
Gayer,  Jltenberg,  and  Scyffen,  in  the  p]rtzgeberge,  a  chain  of  mountains  between  Saxony 
and  Bohemia ;  the  thick  veins  or  masses  of  black  oxyde  of  iron  of  Nordmarch,  Danne- 
mora,  &c.,  in  Sweden ;  the  mass  of  cupreous  pyrites  of  Roeraas,  near  Drontheim  in 
Norway ;  several  mines  of  iron,  copper,  and  gold  in  the  Ural  mountains,  &c. 

Subterranean  workings  may  be  conveniently  divided  into  five  classes,  viz.  : — 

1.  Veins,  or  beds,  much  inclined  to  the  horizon,  having  a  thickness  of  at  least  two 
yards. 

2.  Beds  of  slight  inclination,  or  nearly  horizontal,  the  power  or  thickness  of  which 
does  not  exceed  two  yards. 

3.  Beds  of  great  thickness,  but  slightly  inclined. 

4.  Veins,  or  beds  highly  inclined,  of  great  thickness. 

5.  Masses  of  considerable  magnitude  in  all  their  dimensions. 

Subterranean  mining  requires  two  very  distinct  classes  of  workings;  the  preparatory, 
and  those  for  extraction. 

The  preparatory  consist  in  galleries,  or  in  pits  and  galleries  destined  to  conduct  the 
miner  to  the  point  most  proper  for  attacking  the  deposite  of  ore,  for  tracing  it  all  round 
this  point,  for  preparing  chambers  of  excavation,  and  for  concerting  neasures  with  a 
view  to  the  circulation  of  air,  the  discharge  of  waters,  and  the  transport  of  the  extracted 
minerals. 

If  the  vein  or  bed  in  question  be  placed  in  a  mountain,  and  if  its  direction  forms  a 
very  obtuse  angle  with  the  line  of  the  slope,  the  miner  begins  by  opening  in  its  side,  at 
the  lowest  possible  level,  a  gallery  of  elongation,  which  serves  at  once  to  give  issue  to 
the  waters,  to  explore  the  deposite  through  a  considerable  extent,  and  then  to  follow  it 
in  another  direction ;  but  to  commence  the  real  mining  operations,  he  pierces  either 
shafts  or  galleries,  according  to  the  slope  of  the  deposite,  across  the  first  gallery. 

For  a  stratum  little  inclined  to  the  horizon,  placed  beneath  a  plain,  the  first  thing  is 
to  pierce  two  vertical  shafts,  which  are  usually  made  to  arrive  at  two  points  in  the  same 
line  of  slope,  and  a  gallery  is  driven  to  unite  them.  It  is,  in  the  first  place,  for  the  sake 
of  circulation  of  air  that  these  two  pits  are  sunk;  one  of  them,  which  is  also  deslined 
for  the  drainage  of  the  waters,  should  reach  the  lowest  point  of  the  intended  workings. 
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If  a  vein  is  intersected  by  transverse  ones,  the  shafts  are  placed  so  as  to  follow,  or,  at 
least,  to  cut  through  the  intersections.  When  the  mineral  ores  lie  in  nearly  ■■-ertical 
masses,  it  is  right  to  avoid,  as  far  as  possible,  sinking  pits  into  their  interior.  These 
should  rather  be  perforated  at  one  side  of  their  floor,  even  at  some  considerable  distance,  to 
avoid  all  risk  of  crumbling  the  ores  into  a  heap  of  rubbish,  and  overwhelming  the  workmen. 

With  a  vein  of  less  than  two  yards  thick,  as  soon  as  the  preparatory  labor?  have 
brought  the  miners  to  the  point  of  the  vein  from  which  the  ulterior  workings  are  to 
ramify,  whenever  a  circulation  of  air  has  been  secured,  and  an  outlet  to  the  water  and 
the  matters  mined,  the  first  object  is  to  divide  the  mass  of  ore  into  large  parallelopi- 
peds,  b}  means  of  oblong  galleries,  pierced  20  or  25  yards  below  one  another,  with  pits 
of  communication  opened  up,  30,  40,  or  50  yards  asunder,  which  follow  the  slope  of 
the  vein.  These  galleries  and  shafts  are  usually  of  the  same  breadth  as  the  vein,  unless 
when  it  is  very  narrow,  in  which  case  it  is  requisite  to  cut  out  a  portion  of  the  roof  or 
the  floor.  Such  workings  serve  at  once  the  purposes  of  mining,  by  affording  a  portion 
of  ore,  and  the  complete  investigation  of  the  nature  and  riches  of  the  vein,  a  certain 
extent  of  which  is  thus  prepared  before  removing  the  cubical  masses.  It  is  proper  to 
advance  first  of  all,  in  this  manner,  to  the  greatest  distance  from  the  central  point  which 
can  be  mined  with  economy,  and  afterwards  to  remove  the  parallelopiped  blocks,  in  work- 
ing back  to  that  point. 

This  latter  operation  may  be  carried  on  in  two  diflferent  ways  ;  of  which  one  consists 
in  attacking  the  ore  from  above,  and  another  from  below.  In  either  case,  the  excava- 
tions are  disposed  in  steps  similar  to  a  stair  upon  their  upper  or  under  side.  The  first  is 
styled  a  working  in  direct  or  descending  steps  ;  and  the  second  a  working  in  reverse,  or 
ascending  steps. 

1.  Suppose,  for   example,  that  the  post  N,j^g.  714,  included  between  the  horizontal 
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gallery  a  c  and  the  shaft  a  b,  is  to  be  excavated  by  direct  steps,  a  workman  stationed 
upon  a  scaflTold  at  the  point  a,  which  forms  the  angle  between  the  shaft  and  the  elong- 
ated drift,  attacks  the  rock  in  front  of  him  and  beneath  his  feet.  Whenever  he  has  cut 
out  a  parallelopiped  (a  rectangular  mass),  of  from  four  to  six  yards  broad,  and  two  yards 
high,  a  second  miner  is  set  to  work  upon  a  scafic)ld  at  n' ,  two  yards  beneath  the  first, 
who,  in  like  manner,  excavates  the  rock  under  his  feet  and  before  him.  As  soon  as  the 
second  miner  has  removed  a  post  of  four  or  six  yards  in  width,  by  two  in  height,  a  third 
begins  upon  a  scaffold  at  a"  to  work  out  a  third  step.  Thus,  as  many  workmen  are 
employed  as  there  are  steps  to  be  made  between  the  two  oblong  horizontal  galleries 
which  extend  above  and  below  the  mass  to  be  excavated ;  and  since  they  all  proceed 
simultaneously,  they  continue  working  in  similar  positions,  in  floors,  over  each  other,  as 
upon  a  stair  with  very  long  wide  steps.  As  they  advance,  the  miners  construct  before 
them  wooden  floors  c  c  c  c,  for  the  purpose  of  supporting  the  rubbish  which  each 
vorkman  extracts  from  his  own  step.  This  floor,  which  should  be  very  solid,  serves 
also  for  wheeling  out  his  barrow  filled  with  ore.  The  round  billets  which  sup- 
port the  planks  sustain  the  roof  or  the  wall  of  the  mineral  vein  or  bed  under 
operation.  If  the  rubbish  be  very  considerable,  as  is  commonly  the  case,  the  floor 
planks  are  lost.  However  strongly  they  may  be  made,  as  they  cannot  be  repaired, 
they  sooner  or  later  n'lve  way  under  the  enormous  pressure  of  the  rubbish  ;  and  as  all 
the  weight  is  borne  by  the  roof  of  the  oblong  gallery  underneath,  this  must  be  suffi- 
ciently limbered.  By  this  ingenious  plan,  a  great  many  miners  may  go  to  work 
together  upon  a  vein  without  mutual  interference :  as  the  portions  which  they  detach 
have  always  two  faces  at  least  free,  they  are  consequently  more  easily  separable,  either 
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with  gunpowder  or  with  the  pick.  Should  the  vein  be  more  than  a  yard  thick,  or  if  its 
substance  be  very  refractory,  two  miners  are  set  upon  each  step,  b  b  b  b  indicate  the 
quadrangular  masses  that  are  cut  out  successively  downwards ;  and  1  1,  2  2,  3  3,  for- 
wards ;  the  lines  of  small  circles  are  the  sections  of  the  ends  of  the  billets  which  support 
the  floors. 
2.  To  attack  amass  y,fig.  715,  a  scaffold  m  is  erected  in  one  of  its  terminal  pits  p  p. 


at  the  level  of  the  ceiling  of  the  gallery  r  r',  where  it  terminates  below.  A  miner 
placed  on  this  scaflbld,  cuts  off  at  the  angle  of  this  mass  a  parallelopiped  1,  from  one 
to  two  yards  high,  by  six  or  eight  long.  When  he  has  advanced  thus  far,  there  is 
placed  in  the  same  pit,  upon  another  scaflbld  m',  a  second  miner,  who  attacks  the  vein 
above  the  roof  of  the  first  cutting,  and  hews  down,  above  the  parallelopiped  1,  a  paral- 
lelopiped of  the  same  dimensions  1',  while  the  first  is  taking  out  another  2,  in  advance  of 
1.  When  the  second  miner  has  gone  forward  6  or  8  yards,  a  third  is  placed  also  in  the 
same  pit.  He  commences  the  third  step,  while  the  first  two  miners  are  pushing  forwards 
theirs,  and  so  in  succession. 

In  this  mode  of  working,  as  well  as  in  the  preceding,  it  is  requisite  to  support  the 
rubbish  and  the  walls  of  the  vein.  For  the  first  object,  a  single  floor  n  n  n,  may  be  suf- 
ficient, constructed  above  the  lower  gallery,  substantial  enough  to  bear  all  the  rubbish, 
as  well  as  the  miners.  In  certain  cases,  an  arched  roof  may  be  substituted ;  and  in 
others,  several  floors  are  laid  at  different  heights.  The  sides  of  the  vein  are  supported 
by  means  of  pieces  of  wood  fixed  between  them  perpendicularly  to  their  planes.  Some- 
times, in  the  middle  o'f  the  rubbish,  small  pits  are  left  at  regular  distances  apart,  through 
which  the  workmen  throw  the  ore  coarsely  picked,  down  into  the  lower  gallery.  The 
rubbish  occasionally  forms  a  slope///,  so  high  that  miners  placed  upon  it  can  work 
conveniently.  When  the  rich  portions  are  so  abundant  as  to  leave  too  little  rubbish  to 
make  such  a  sloping  platform,  the  miners  plant  themselves  upon  moveable  floors,  which 
they  carry  forward  along  with  the  excavations. 

These  two  modes  of  working  in  the  step-form,  have  peculiar  advantages  and  disadvan- 
tages ;  and  each  is  preferred  to  the  other  according  to  circumstances. 

In  the  dpscendhig  workings,  or  in  direct  steps,  Jig.  714,  the  miner  is  placed  on  the  very 
mass  or  substance  of  the  vein  ;  he  works  commodiously  before  him  ;  he  is  not  exposed 
to  the  splinters  which  may  fly  oflTfrom  the  roof;  but  by  this  plan  he  is  obliged  to  employ 
a  great  deal  of  timber  to  sustain  the  rubbish  ;  and  the  wood  is  fixed  for  ever. 

In  the  ascending  xoorkings,  or  in  reversed  steps,  fig.  715,  the  miner  is  compelled  to  work 
in  the  re-entering  angle  formed  between  the  roof  and  the  front  wall  of  his  excavation,  a 
posture  sometimes  oppressive ;  but  the  weight  of  the  ore  conspires  with  his  efforts  to 
make  it  fall.  He  employs  less  timber  than  in  the  workings  with  direct  steps.  The  sort- 
ing of  the  ore  is  more  difficult  than  in  the  descending  working,  because  the  rich  ore  is 
sometimes  confounded  with  the  heap  of  rubbish  on  which  it  falls. 

W'hen  seams  of  diluvium  or  gravel-mud  occur  on  one  of  the  sides  of  the  vein,  or  on 
both,  they  render  the  quarrying  of  the  ore  more  easy,  by  aflfording  the  means  of  uncover- 
ing the  mass  to  be  cut  down,  upon  an  additional  face. 

Should  the  vein  be  very  narrow,  it  is  necessary  to  remove  a  portion  of  the  sterile  rock 
which  encloses  it,  in  order  to  give  the  work  a  sufficient  width  to  enable  the  miner  to  ad- 
vance. If,  in  this  case,  the  vein  be  quite  distinct  from  the  rock,  the  labor  may  be  facili- 
tated, as  well  as  the  separation  of  the  ore,  by  disengaging  the  vein,  on  one  of  its  faces, 
throuffh  a  certain  extent,  the  rock  being  attacked  separately.  This  operation  is  called 
stripping  the  vein.  When  it  is  thus  uncovered,  a  shot  of  gunpowder  is  sufficient  to  detach 
a  great  mass  of  it,  unmixed  with  sterile  stones. 

By  the  methods  now  described,  only  those  parallelepipeds  are  cut  out,  either  in  whole 
or  in  part,  which  present  indications  of  richness  adequate  to  yield  a  prospect  of  benefit. 
In  other  cases,  it  is  enough  to  follow  out  the  threads  of  ore  which  occur,  by  workings 
made  in  their  direction. 
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The  miner,  in  searcliins;  within  the  crust  of  the  earth  for  the  riches  which  it  conceals, 
is  exposed  to  many  dangers.  The  rocks  amidst  which  he  digs  are  seldom  or  never  entire, 
but  are  almost  always  traversed  by  clefts  in  various  directions,  so  that  impending  frag- 
ments threaten  to  fall  and  crush  him  at  every  instant.  He  is  even  obliged  at  times  to  cut 
through  rotten  friable  rocks  or  alluvial  loams.  Fresh  atmospheric  air  follows  him  with 
difficulty  in  the  narrow  channels  which  he  lays  open  before  him ;  and  the  waters  which 
circulate  in  the  subterranean  seams  and  fissures  filter  incessantly  into  his  excavation,  and 
tend  to  fill  it.  Let  us  now  take  a  view  of  the  means  he  employs  to  escape  from  these 
three  classes  of  dangers. 

1.  Of  the  tiinbermg  of  excavations. — The  excavations  of  mines  are  divisible  into 
three  principal  species  ;  shafts,  galleries,  and  chambers.  When  the  width  of  these  exca- 
vations is  inconsiderable,  as  is  commonly  the  case  with  shafts  and  galleries,  their  sides 
can  sometimes  stand  ui)right  of  themselves ;  but  more  frequently  they  require  to  be 
propped  or  stayed  by  billets  of  wood,  or  by  walls  built  with  bricks  or  stones  ;  or  even 
by  stuffing  the  space  with  rubbish.  These  three  kinds  of  support  are  called  timbering, 
walling,  a.nd  filling  up. 

Timbering  is  most  used.  It  varies  in  form  for  the  three  species  of  excavations,  accord- 
ing to  the  solidity  of  the  walls  which  it  is  destined  to  sustain. 

In  a  gallery,  for  example,  it  may  be  sufficient  to  support  merely  the  roof,  by  means 
of  joists  placed  across,  bearing  at  their  two  ends  in  the  rock ;  or  the  roof  and  the  two 
walls  by  means  of  an  upper  joist  s,  fig.  716,  which  is  then  called  a  cap  or  cornice  beam. 
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resting  on  two  lateral  upright  posts  or  stanchions,  a  b, 
to  which  a  slight  inclination  towards  each  other  is  given, 
so  that  they  approach  a  little  at  the  top,  and  rest  entirely 
upon  the  floor.  At  times,  only  one  of  the  walls  and  the 
roof  need  support.  This  case  is  of  frequent  occurrence 
in  pipe  veins.  Pillars  are  then  set  up  only  on  one  side, 
and  on  the  other  the  joists  rest  in  holes  of  the  rock.  It 
may  happen  that  the  floor  of  the  gallery  shall  not  be 
sufficiently  firm  to  afford  a  sure  foundation  to  the  stand- 
ards ;  and  it  may  be  necessary  to  make  them  rest  on  a 
horizontal  piece  called  the  sole.  This  is  timbering  with 
complete  frames.  The  upright  posts  are  usually  set 
directly  on  the  sole ;  but  the  extremities  of  the  cap  or 
ceilin?,  and  the  upper  ends  of  the  standards,  are  mortised 
in  such  a  manner  fhat  these  cannot  come  nearer,  whereby 
the  cap  shall  possess  its  whole  force  of  resistance.  In 
friable  and  shivery  rocks  there  is  put  behind  these  beams,  both  upon  the  ceiling  and  the 
sides, /acing  boards,  which  are  planks  placed  horizontally,  or  spars  of  cleft  wood,  set  so 
close  together  as  to  leave  no  interval.  They  are  called /ascfnes  in  French.  In  ordinaiy 
ground,  the  miner  puts  up  these  planks  in  proportion  as  he  goes  forwards  ;  but  in  a  loose 
soil,  such  as  sand  or  gravel,  he  must  mount  them  a  little  in  advance.  He  then  drives 
into  the  mass  behind  the  wooden  frame-work,  thick  but  sharp-pointed  planks  or  stakes, 
and  which,  in  fact,  form  the  sides  of  the  cavity,  which  he  proceeds  to  excavate.  Their 
one  extremity  is  thus  supported  by  the  earth  in  which  it  is  thrust,  and  their  other  end  by 
the  last  framing.  Whenever  the  miner  gets  sufficiently  on,  he  sustains  the  walls  by  a 
new  frame.  The  size  of  the  timber,  as  well  as  the  distance  between  the  frames  or  stan- 
chions, depends  on  the  degree  of  pressure  to  be  resisted. 

When  a  gallery  is  to  serve  at  once  for  several  distinct  purposes,  a  greater  height  is 
given  to  it ;  and  a  flooring  is  laid  on  it  at  a  certain  level.  If,  for  example,  a  gallery  is 
to  be  employed,  both  for  the  transport  of  the  ores  and  the  discharge  of  the  waters,  a 
floor  e  e,fig.  715,  is  constructed  above  the  bottom,  over  which  the  carriages  are  wheeled, 
and  under  which  the  waters  are  discharged. 

The  timbering  of  shafts  varies  in  form,  as  well  as  that  of  galleries,  according  to  the 
nature  and  the  locality  of  the  ground  which  they  traverse,  and  the  purposes  which 
they  are  meant  to  serve.  The  shafts  intended  to  be  stayed  with  timber  are  usually 
square  or  rectangular,  because  this  form,  in  itself  more  convenient  for  the  miner,  renders 
the  execution  of  the  timbering  more  easy.  The  wood-work  consists  generally  of 
rectangular  frames,  the  spars  of  which  are  about  eight  inches  in  diameter,  and  placed 
at  a  distance  asunder  of  from  a  yard  to  a  yard  and  a  half.  The  spars  are  never  placed 
in  contact,  except  when  the  pressure  of  the  earth  and  the  waters  is  very  great.  The 
pieces  composing  the  frames  are  commonly  united  by  a  half-check,  and  the  longer  of 
the  two  pieces  extends  often  beyond  the  angles,  to  be  rested  in  the  rock.  Whether  the 
shaft  is  vertical  or  inclined,  the  frame-work  is  always  placed  so  that  its  plane  may  be 
perpendicular  to  the  axis  of  the  pit.  It  happens  sometimes  in  inclined  shafts  that  there 
are  only  two  sides,  or  even  a  single  one,  which  needs  to  be  propped.  These  are  stayed 
by  means  of  cross  beams,  which  rest  at  their  two  ends  in  the  rock.     When  the  frames 
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do  not  touch  one  another,  strong  planks  or  stakes  are  fastened  behind  them  to  sustain 
the  ground.  To  these  planks  the  frames  are  firmly  connected,  so  that  they  cannot  slide. 
In  this  case  the  whole  timbering  will  be  supported,  when  the  lower  frame  is  solidly  fixed, 
or  when  the  pieces  from  above  pass  by  its  angles  to  be  abutted  upon  the  ground. 

In  the  large  rectangular  shafts,  which  serve  at  once  for  extracting  the  ores,  for  the  dis- 
charge of  the  waters,  and  the  descent  of  the  workmen,  the  spaces  destined  for  these  sev- 
eral purposes  are  in  general  separated  by  partitions,  which  also  serve  to  increase  the 
strength  of  the  timberings,  by  acting  as  buttresses  to  the  planks  in  the  long  sides  of  the 
frame-work.  Occasionally  a  partition  separates  the  ascending  from  the  descending  bas 
ket,  to  prevent  their  jostling. —  Lastly,  particular  passages  are  left  for  ventillation. 

As  it  is  desiiable  that  the  wood  shall  retain  its  whole  force,  only  those  pieces  are 
squared  which  absolutely  require  it.  The  spars  of  the  frames  in  shafts  and  galleries  are 
deprived  merely  of  their  bark,  which  by  holding  moisture,  would  accelerate  the  decompo- 
sition of  the  wood.     The  alburnum  of  oak  is  also  removed. 

Resinous  woods,  like  the  pine,  last  much  shorter  than  the  oak,  the  beech,  and  the 
cherry-tree  ;  though  the  larch  is  used  with  advantage.  The  oak  has  been  known  to  last 
upwards  of  40  years  ;  while  the  resinous  woods  decay  frequently  in  10.  The  fresher  the 
air  in  mines,  the  more  durable  is  the  timbering. 

The  marginal y/g5.  717,  718  represent  two  vertical  sections  of  a  shaft,  the  one  at  right 
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angles  to  the  other,  with  the  view  of  showing  the  mode  of  sustaining  the  walls  of  the 
excavation  by  timbering.  It  is  copied  from  an  actual  mine  in  the  Harlz.  There  we  may 
observe  the  spaces  allotted  to  the  descent  of  the  miners  by 
ladders,  to  the  drainage  of  the  waters  by  pumps  p,  and  rods  f, 
and  to  the  extraction  of  the  mineral  substances  by  the  baskets 
B.  a,  b,  c,f,  h,  k,  various  cross  timbers  ;  a,  c,  e,  upright  do. ; 
R,  pump  cistern  ;  v,  w,  corve-ways.  The  shafts  here  shown, 
are  excavated  in  the  line  of  the  vein  itself, — the  rock  enclosing 
it  being  seen  in  the  second  figure. 

In  a  great  many  mines  it  is  found  advantageous  to  support 
the  excavations  by  brick  or  stone  buildings,  constructed 
either  with  or  without  mortar.  These  constructions  are 
often  more  costly  than  wooden  ones,  but  they  last  much 
longer,  and  need  fewer  repairs.  They  are  employed  instead 
of  timberings,  to  support  the  walls  and  roof  of  galleries,  to 
line  the  sides  of  shafts,  and  to  bear  up  the  roofs  of  excava- 
tions. 

Sometimes  the  two  sides  of  a  gallery  are  lined  with  ver- 
tical walls,  and  its  roof  is  supported  by  an  ogee  vault,  or  an 
arch.  If  the  sides  of  the  mine  are  solid,  a  simple  arch  is 
sufficient  to  sustain  the  roof,  and  at  other  times  the  whole  surface  of  a  gallery  is  formed  of 
a  single  elliptic  vault,  the  sreat  axis  of  which  is  vertical ;  and  the  bottom  is  surmounted 
by  a  wooden  plank,  under  which  the  waters  run  off";  seefis-  719. 

'  Walled  shafts  also  are  sometimes  constructed  in  a  circular  or  elliptic  form,  which  is 
better  adapted  to  resist  the  pressure  of  the  earth  and  waters.  Rectangular  shafts  of  all 
dimensions,  however,  are  frequently  walled. 

The  sides  of  an  excavation  may  also  be  supported  by  filling  it  completely  with  rubbish. 
Wherever  the  sides  need  to  be  supported  for  some  time  without  the  necessity  of  passing 
along  them,  it  is  often  more  economical  to  stuff"  them  up  with  rubbish,  than  to  keep  up 
their  supports.  In  the  territory  of  Liege,  for  example,  there  have  been  shafts  thus  tilled 
up  for  several  centuries  ;  and  which  are  found  to  be  quite  entire  when  they  are  emptied. 
The  rubbish  is  also  useful  for  forming  roads  among  steep  strata,  for  closing  air-holes,  and 
forming  canals  of  ventilation. 

Figs.  719,  720,  721  represent  the  principal  kinds  of  mason-work  employed  in  the 
galleries  and  shafts  of  mines.  Fig.  722  exhibits  the  walling  in  of  the  cage  of  an  over- 
shot water  wheel,  as  mounted  within   a  mine.     Before  beginning  to  build,  an  exca- 
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vation  large  enough  must  be  made  in  the  gallery  to  leave  a  space  three  feet  and  a  half 
high  for  the  workmen  to  stand  in,  after  the  brick-work  is  completed.  Between  the 
two  opposite  sides,  cross  beams  of  wood  must  be  fixed  at  certain  distances,  as  chords 
of  the  vault,  over  which  the  rock  must  be  hollowed  out  to  receive  the  arch-stones, 
and  the  centring  must  then  be  placed,  covered  with  deals  to  receive  the  voussoirs, 
beginning  at  the  flanks  and  ending  with  the  key-stone.  When  the  vault  is  finished 
through  a  certain  extent,  the  interval  between  the  arch  and  the  rock  must  be  rammed 
full  of  rubbish,  leaving  passages,  if  necessary,  through  it  and  the  arch,  for  currents 
of  water. 

In  walling  galleries,  attention  must  be  paid  to  the  direction  of  the  pressure,  and  to 
build  vertically  or  with  a  slope  accordingly.  Should  the  pressure  be  equal  in  all 
directions,  a  closed  vault,  like  Jig.  719,  should  be  formed.  For  walls  not  far  from  the 
vertical,  salient  or  buttressed  arches  are  employed,  as  shown  in  fig.  720,  called  in 
German  iiberspringende  bogen ;  for  other  cases,  twin-arches  are  preferred,  with  an  upright 
wall  between. 

Fig.  721  is  a  transverse  section  of  a  walled  drain-gallery,  from  the  grand  gallery  of 
the  Hartz  ;  see  also_/ig.  722.     a  is  the  rock,  which  needs  to  be  supported  only  at  the  sides 
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and  top  ;  6,  the  masonwork,  a  curve  formed  of  the  three  circular  arcs  upon  one  level  > 
c,  the  floor  for  the  water-course.  Fig.  719  is  a  cross  section  of  a  walled  gallery,  as  at 
Schneeberg,  Rothenbure,  Idria,  &c. ;  d,  is  the  rock,  which  is  not  solid  either  at  the  flanks, 
roof,  or  floor ;  e,  the  elliptic  masonwork  ;  /,  the  wooden  floor  for  the  wagons,  which  is 
sometimes,  however,  arched  in  brick  to  allow  of  a  water-course  beneath  it. 

Fig.  720  shows  two  vertical  projections  of  a  portion  of  a  walled  shaft  with  buttresses, 
as  built  at  the  mine  Vater  .Abraham,  near  Marienberg.  j  is  a  section  in  the  direction  of 
the  vein  g  h,  to  show  the  roof  of  the  shaft,  i,  a  section  exhibiting  the  slope  of  the  vein 
g  h,  into  which  the  shaft  is  sunk  ;  m  is  the  wall  of  the  vein  ;  k  is  the  roof  of  the  same 
vein;  «,  buttresses  resting  upon  the  flanks  of  the  shaft;  g,  great  arcs  on  which  the  but- 
tresses bear  ;  y,  vertical  masonwork  ;  z,  a  wall  which  divides  the  shaft  into  two  compart- 
ments, of  which  the  larger,  p,  is  that  for  extracting  the  ore,  and  the  smaller  for  the  drain- 
ing and  descent  of  the  miners. 

Fig.  722,  c  D  is  the  shaft  in  which  the  vertical  crank-rods  c  g,  e  d,  move  up  and 
down.  F,  is  a  double  hydraulic  wheel,  which  can  be  stopped  at  pleasure  by  a  brake 
mounted  upon  the  machine  of  extraction,  g,  is  the  drum  of  the  gig  or  whim  for  raising 
the  corves  or  tubs  {tonnes) ;  h,  is  the  level  of  the  ground,  with  the  carpentry  which  sup- 
ports the  whim  and  its  roof,  fc,  is  the  key-stone  of  the  ogee  arch  which  covers  the 
water-wheel ;  a,  is  the  opening  or  window,  traversed  by  the  extremity  of  the  driving 
shaft,  upon  each  side  of  the  water-wheel,  through  which  a  workman  may  enter  to  adjust 
or  repair  it ;  c  b,  line  of  conduits  for  the  streams  of  water  which  fall  upon  the  hydraulic 
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wheel ;  c,  g,  double  crank  with  rods,  whose  motion  is  taken  off  the  left  side  of  the  wheel ; 
e,  d,  the  same  upon  the  right  side.     The  distance  from  h  to  r  is  about  22  yards. 

Figs.  723,  724  present  two  vertical  sections  of  the  shaft  of  a  mine  walled,  like  the  roof 
of  a  cavern,  communicating  with  the  galleries  of  the  roof  and  the  wall  of  the  vein,  and 
well  arranged  for  both  the  extraction  of  the  ore,  and  the  descent  of  the  miners.  The 
vertical  partition  of  the  shaft  for  separating  the  passage  for  the  corves  or  tubs  from  the 
ladders  is  omitted  in  the  figure,  for  the  sake  of  clearness. 

In  fig.  723,  A,  B  are  the  side  walls  supported  upon  the  buttresses  c  and  d  ;  in  fig.  724, 
E  is  the  masonry  of  the  wall,  borne  upon  the  arch  f  at  the  entrance  to  a  gallery ;  the 
continuation  beinsr'at  g,  which  is  sustained  by  a  similar  arch  built  lower. 

L,  is  the  vault  arch  of  the  roof,  supported  upon  another  vault  m,  which  presents  a  double 
curvature,  at  the  entrance  of  a  gallery ;  at  h  is  the  continuation  of  the  aich  or  vault  l, 
which  underneath  is  supported  in  like  manner  at  the  entrance  of  a  lower  gallery. 

a  b,  c  d,fig.  723,  are  small  upright  guide-bars  or  rods  for  one  of  the  corves,  or  kibbles. 

ef,g  h,  are  similar  guide-bars  for  the  other  corf. 

I  i,  are  cross-bars  of  wood,  which  support  the  stays  of  the  ladders  of  descent. 

k  k,  are  also  cross-bars  by  which  the  guide-rods  are  secured. 

t,  a  corf,  or  extraction  kibble,  furnished  with  friction  rollers;  the  other  corf  is  supposed 
to  be  drawn  up  to  a  higher  level,  in  the  other  vertical  passage. 

723  724  ^ 


Figs.  725,  726  represent  in  a  vertical  section  the  mode  of  timbering  the  galleries  of  the 
silver  and  lead  mines  at  Andreasberg  in  the  Hartz.  Fig.  725  shows  the  plan  viewed 
from  above.  Upon  the  roof  of  the  timbering,  the  workman  throws  the  Avaste  rubbish, 
and  in  the  empty  space  below,  which  is  shaded  black,  he  transports  in  his  wagons  or 
wheelbarrows  the  ores  towards  the  mouth  of  the  mine.  Fig.  726  is  the  cross  section  of 
the  gallery.  In  the  two  figures,  a  represents  the  rock,  and  b  the  timbering ;  round  which 
there  is  a  garniture  of  small  spars  or  lathes  for  the  purpose  of  drainage  and  ventilation, 
with  the  view  of  promoting  the  durability  of  the  wood-work. 
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The  working  of  minerals  by  the  mass  is  well  exemplified  a  few  leagues  to  the  north  of 
Siegen,  near  the  village  of  Miisen,  in  a  mine  of  iron  and  other  metals,  called  Stahlberg, 
which  forms  the  main  wealth  of  the  country.  The  plan  of  working  is  termed  the  excava- 
tion of  a  direct  or  transverse  mass.  It  shows  in  its  upper  part  the  danger  of  bad  mining, 
and  in  its  inferior  portion,  the  regular  workings,  by  whose  means  art  has  eventually  pre- 
vented the  destruction  of  a  precious  mineral  deposite. 

Fig.  727  is  a  vertical  section  of  the  bed  of  ore,  which  is  a  direct  mass  of  spathose 
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iron,  contained  in  transition  rock  (graywacke).  a,  a,  a,  are  pillars  of  the  sparry  ore, 
reserved  to  support  the  successive  stages  or  floors,  which  are  numbered  1,  2,  3,  &c. ; 
b,  b,  b,  are  excavations  worked  in  the  ore ;  which  exhibit  at  the  present  day  several 
floors  of  arches,  of  greater  or  less  magnitude,  according  to  the  localities.  It  may  be 
remarked,  that  where  the  metallic  deposite  forms  one  entire  mass,  rich  in  spathose  iron 
ore  of  good  quality,  there  is  generally  given  to  the  vaults  a  height  of  three  fathoms  ; 
leaving  a  thickness  over  the  roof  of  two  fathoms,  on  account  of  the  numerous  fissures 
which  pervade  the  mass.  But  where  this  mass  is  divided  into  three  principal  branches, 
the  roof  of  the  vaults  has  only  a  fathom  and  a  half  of  thickness,  while  the  excavation  is 
three  fathoms  and  a  half  high.  In  the  actual  state  of  the  workings,  it  may  be  estimated 
that  from  all  this  direct  mass,  there  is  obtained  no  more  out  of  every  floor  than  one 
third  of  the  mineral.  Two  thirds  remain  as  labors  of  reserve,  which  may  be  resumed 
at  some  future  day,  in  consequence  of  the  regularity  and  the  continuation  of  the  subter- 
ranean workings,  e  is  a  shaft  for  extraction,  communicating  below  with  the  gallery  of 
efflux  k  ;  h  is  an  upper  gallery  of  drainage,  which  runs  in  different  directions  (one  only 
beins  visible  in  this  section)  over  a  length  of  400  fathoms.  The  lower  gallery  k  runs 
646  fathoms  in  a  straight  line.  The  mine  of  Stahlberg  has  furnished  annually  on  an 
average  since  1760  about  25,000  cubic  feet  (French)  of  an  excellent  spathose  ore  of  iron, 
m  m,  represents  the  mass  of  sparry  iron. 
Figs.  728,  729,  730  represent  the  cross  system  of  mining,  which  consists  in  forming 
galleries  through  a  mineral  deposite,  from  its  wall  or  floor 
towards  its  roof,  and  not,  as  usual,  in  the  direction  of  its 
length.  This  mode  was  contrived  towards  the  middle  of 
the  18th  century,  for  working  the  very  thick  veins  of  the 
Schemnitz  mine  in  Hungary,  and  it  is  now  employed  with 
advantage  in  many  places,  particularly  at  Idria  in  Carniola. 
In  the  two  sections  figs.  728,  730,  as  well  as  in  the  ground 
plan^ig.  729,  the  wall  is  denoted  by  m  m,  and  the  roof  by  t  t. 
A  first  gallery  of  prolongation  E  f,  fig.  730,  being  formed  to 
the  wall,  transverse  cuts,  a  a,  are  next  established  at  right  angles  to  this  gallery,  so  that 
between  every  two  there  may  be  room  enough  to  place  three  others,  b,  c,  b,fig.  729.  From 
each  of  the  cuts  a,  ore  is  procured  by  advancing  with  the  help  of  timbering,  till  the 
roof  t  be  reached.  When  this  is  done,  these  first  cuts  a,  are  filled  up  with  rubbish,  laid 
upon  pieces  of  timber  with  which  the  ground  is  covered,  so  that  if  eventually  it  should 
be  wished  to  mine  underneath,  no  downfall  of  detritus  is  to  be  feared.  These  heaps 
of  rubbish  rise  only  to  within  a  few  inches  of  the  top  of  the  cuts  a,  in  order  that  the 
workins:  of  the  upper  story  may  be  easier,  the  bed  of  ore  being  there  already  laid  open 
upon  its  lower  face. 

In  proportion  as  the  cuts  a,  oi  the  first  story  e  f,  are  thus  filled  up,  the  greater  part 
of  the  timbevins  is  withdrawn,  and  made  use  of  elsewhere.  The  intermediate  cuts 
ft,  c,  b,  are  next  mined  in  like  manner,  either  beginning  with  the  cuts  c,  or  the  cuts  b,  ac- 
cording to  the  localities.  From  fig.  729  it  appears  that  the  working  may  be  so  ar- 
ranged, that  in  case  of  necessity,  there  may  be  always  between  two  cuts  in  activity  the 
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distance  of  three  cuts,  either  not  made,  or  filled  up  with  rubbish.  Hence,  all  the  portion 
of  the  bed  of  ore  may  be  removed,  which  corresponds  to  a  first  story  e  T,fig.  730,  and  tlii» 
portion  is  replaced  by  rubbish. 


The  exploration  of  the  upper  stories  e'  f',  e2  f2,  e3  f3,  is  now  prepared  in  a  similar 
manner ;  with  which  view  shafts  h  hi,  k  k3,  are  formed  from  below  upwards  in  the  wall 
TO  of  the  deposite,  and  from  these  shafts  oblong  galleries  proceed,  established  successively 
on  a  level  with  the  stories  thus  iai«ed  over  one  another.  See  Jig.  730.  The  following 
objects  may  be  specified  in  the  figures  : — 


a  a,  the  first  cuts  filled  up  with  rubbish,  upon  the  first  story  e  F,fig.  729. 
b  b,  other  cuts  subsequently  filled  up,  upon  the  same  story. 

c,  the  cut  actually  working. 

d,  the  front  of  the  cut,  or  place  of  actual  excavation  of  the  mineral  deposite. 

e,  masses  of  the  barren  rock,  reserved  in  the  cutting,  as  pillars  of  safety. 

/,  galleries,  by  means  of  which  the  workmen  may  turn  round  the  mass  e,  in  order  to 
form,  in  the  roof/,  an  excavation  in  the  direction  of  the  deposite. 

g,  rubbish  behind  the  mass  e. 

k  k,  two  shafts  leading  from  the  first  story  e  f,  to  the  upper  stories  of  the  workings,  as 
already  stated. 

m,  the  wall,  and  t  the  roof  of  the  mineral  bed. 

In  the  second  story  e'  f',  the  gallery  of  prolongation  F',^g:s.  728  and  730,  is  not  entirely 
perforated ;  but  it  is  further  advanced  than  that  of  the  third  story,  which,  in  its  turn,  is 
more  than  the  gallery  of  the  fourth. 

From  this  arrangement  there  is  produced  upon  fig.  730  the  general  aspect  of  a  working 
by  reversed  steps. 

Whenever  the  workings  of  the  cuts  c  in  the  first  story  are  finished,  those  of  the  second, 
a'  a',  may  be  begun  in  the  second  ;  and  thus  by  mounting  from  story  to  story,  the  whole 
deposite  of  ore  may  be  taken  out  and  replaced  with  rubbish.  One  great  advantage  of  this 
method  is,  that  nothing  is  lost ;  but  it  is  not  the  only  one.  The  facilities  offered  by  the 
system  of  cross  icorkings  for  disposing  of  the  rubbish,  most  frequently  a  nuisance  to  the 
miner,  and  expensive  to  set  rid  of,  the  solidity  which  it  procures  by  the  bankin?  up,  the 
consequent  economy  of  timbering,  and  saving  of  expense  in  the  excavation  of  the  rock, 
reckoning  from  the  second  story,  are  so  many  important  circumstances  which  recommend 
this  mode  of  mining.  Sometimes,  indeed,  rubbish  may  be  wanted  to  fill  up,  but  this  may 
always  be  procured  by  a  few  accessory  perforations ;  it  being  easy  to  establish  in  the 
vicinity  of  the  Avorkings  a  vast  excavation  in  the  form  of  a  vault,  or  kind  of  subterraneous 
quarry,  which  may  be  allowed  to  fall  in  with  proper  precautions,  and  where  rubbish  will 
thus  accumulate  in  a  short  time,  at  little  cost. 

Fig.  731  represents  a  section  of  the  celebrated  lead  mines  of  Bleyberg  in  Carinthia,  not 
far  from  Villach. 

b,  c,  is  the  ridge  of  the  mountains  of  compact  limestone,  in  whose  bosom  the  workings 
are  carried  on. 

e,  is  the  metalliferous  valley,  running  from  east  to  west,  between  the  two  parallel 
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valleys  of  the  Gail  and  the  Drave,  but  at  a  lerel  considerably  above  the  waters  of  these 
rivers. 
/  g  is  the  direction  of  a  great  many  vertical  beds  of  metalliferous  limestone. 
On  considering  the  direction  and  dip  of  the  marly  schist,  and  metalliferous  limestone, 

in  the  space  w,  w,  to  the  west  of 
the  line  1,  s,  it  would  appear  that 
a  great  portion  of  this  system  of 
mountains  has  suffered  a  slip  between 
1,  s,  and  a  parallel  one  towards  the 
east ;  whereby,  probably,  that  ver- 
tical position  of  the  strata  has  been 
produced,  which  exists  throush  a 
considerable  extent.  The  metallifer- 
ous limestone  is  covered  to  a  certain 
thickness  with  a  marly  schist,  and 
other  more  recent  rocks.  It  is  in 
this  schist  that  the  fine  marble  known 
under  the  name  of  the  lumachello  of 
Bleyberg  is  quarried. 

The  galena  occurs  in  the  bosom  of  this  rock  in  flattened  masses,  or  blocks  of  a  con- 
siderable volume,  which  are  not  separated  from  the  rest  of  the  calcareous  beds  by  any 
seam.  It  is  accompanied  by  zinc  ore  (calamine),  especially  in  the  upper  parts  of  the 
mountain. 

Several  of  the  workable  masses  are  indicated  by  r,  rs ;  each  presents  itself  as  a 
solid  analogous  to  a  very  elonoated  ellipse,  whose  axis  dips,  not  according  to  the  inclina- 
tion of  the  surrounding  rock,  but  to  an  oblique  or  intermediate  line  between  this  inclina- 
tion, and  the  direction  of  the  beds  of  limestone ;  as  shown  by  r  w,  r'  u.  Every  thing 
indicates  the  contemporaneous  formation  of  the  limestone,  and  the  lying  beds  of  the 
lead  ore. 

The  accidents  or  faults  called  kluft  (rent)  at  Bleyberg  are  visible  on  the  surface  of  the 
ground.  Experienced  miners  have  remarked  that  the  rich  masses  occur  more  frequently 
in  the  direction  of  these  accidents  than  elsewhere. 

It  is  in  general  by  galleries  cut  horizontally  in  the  body  of  the  mountain,  and  at  differ- 
ent levels,  s,  g,  sf,  that  the  miner  advances  towards  the  masses  of  ore  r,  r3.  Many  of 
these  galleries  are  500  fathoms  long  before  they  reach  a  workable  mass.  The  several 
galleries  are  placed  in  communication  by  a  few  shafts,  such  as  t ;  but  few  of  these  are 
sunk  deeper  than  the  level  of  the  valley  e. 

The  total  length  of  the  mines  of  Bleyberg  is  about  10,000  yards,  parallel  to  the 
valley  e  .  in  which  space  there  are  500  concessions  granted  by  the  government  to  various 
individuals  or  joint  stock  societies,  either  by  themselves  or  associated  with  the  govern- 
ment. 

The  metalliferous  valley  contains  5000  inhabitants,  all  deriving  subsistence  from  the 
mines  ;  300  of  whom  are  occupied  in  the  government  works. 

Each  concession  has  a  number  and  a  name  ;  as  Antoni,  Christoph,  Matthseus,  Oswaldi, 
2,  8,  3  6,  &c. 

Fig.  732  is  a  section  in  the  quicksilver  mine  of  Idria.  1.  is  the  gray  limestone  ;  2.  is 
a  blackish  slate ;  5.  is  a  grayish  slate.  Immediately  above  these  transition  rocks  lies  the 
bed  containing  the  ores  called  corallenerz,  which  consist  of  an  intimate  mixture  of  sul- 
phuret  of  mercury  and  argillaceous  limestone  ;  in  which  four  men  can  cut  out,  in  a  month, 
2^  toises  cube  of  rock. 

732  I — ; Fig.   733   represents    a  section 

733  I  I     of    part   of   the   copper   mine   of 

Mansfeldt ;  containing  the  cellular 
limestone,  called  rauchivacke,  al- 
ways with  the  compact  marl-lime- 
stone called  zechstein ;  the  cupre- 
ous schist,  or  ku pfers chief er ;  the 
wall  of  grayish-white  sandstone, 
called  the  weisse  lic9,eiide ;  and  the 
wall  of  red  sandstone,  or  the 
rothelie  gende.  The  thin  dotted 
stratum  at  top  is  vegetable  mould; 
the  large  dotted  portion  to  the 
right  of  the  figure  is  oolite ;  the 
vein  at  its  side  is  sand  ;  next  is  rauchwacke  ;  and  lastly,  the  main  body  of  fetid  limestone, 
or  siinksiein. 
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Fig.  734  represents  one  of  the  Mansfeldt  copper  schist  mines  in  the  district  called 

Burgoerner,  or  Preusshoheil, 

1.  Vegetable  mould,  with  silicious  gravel. 

2.  Ferruginous  clay  or  loam. 

3.  Sand,  with  fragments  of  quartz. 

4.  Red  clay,  a  bed  of  variable  thickness  as  well  as  the  lower  strata,  according  as  the 
cupreous  schist  is  nearer  or  farther  from  the  surface. 

5.  Ooolite  (roogenstein), 

6.  Newer  variegated  sandstone  (hunter  sandstein). 

7.  Newer  gypsum ;  below  which,  there  is 

8.  A  bluish  marly  clay. 

9.  Slinkstone,  or  lucuUite. 

10.  Friable  grayish  marl. 

11.  Older  gypsum,  a  rock  totally  wanting  in  the  other  districts  of  the  mines  of  Rothen- 
berg  ;  but  abounding  in  Saxon  Mansfeldt,  where  it  includes  vast  caverns  known  among 
the  miners  by  the  name  of  schlotten,  as  indicated  in  the  figure. 

12.  The  calcareous  rock  called  zechstein.  The  lower  part  of  this  stratum  shows 
symptoms  of  the  cupriferous  schist  that  lies  underneath.  It  presents  three  thin  bands, 
differently  modified,  which  the  miner  distinguishes  as  he  descends  by  the  names  of  the 
sterile  or  rotten  (faiile)  rock ;  the  roof  (dachklotz)  ;  and  the  main  rock  (oberberg.) 
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13.  Is  a  bed  of  cupriferous  schist  (knpfer s chief er),  also  called  the  bitumino-marly 
schist,  in  which  may  be  noted,  in  going  down,  but  not  marked  in  the  figure : — 

a,  the  lochberg,  a  seam  4  inches  thick. 

b,  the  kammschale,  j  of  an  inch  thick. 

c,  the  kop/schale,  one  inch  thick. 

These  seams  are  not  worth  smelting ;  the  following,  however,  are  : — 

d,  the  schiefer  kopf,  the  main  copper  schist,  2  inches  thick.  .; 

e,  a  layer  called  lochen,  one  inch  thick. 

14.  The  wall  of  sandstone,  resting  upon  a  porphyi7. 

Fig.  735  is  a  section  of  the  mines  of  Kiegelsdorf  in  Hessia,  presenting — 

1.  Vesctable  mould. 

2.  Limestone  distinctly  stratified,  frequently  of  a  yellowish  color,  called  lagerhafter 
kalkstein. 

3.  Clay,  sometimes  red,  sometimes  blue,  sometimes  a  mixture  of  red,  blue,  and 
yellow. 

4.  The  cellular  limestone  (rauhkalk).  This  rock  differs  both  in  nature  and  position 
from  the  rock  of  the  same  name  at  Mansfeldt. 

5.  Clay,  usually  red,  containing  veins  of  white  gypsum,  and  fine  crystals  of  selo- 
nite. 

(i.  Massive  gj'psum  of  recent  formation. 

7.  Fetid  limestone,  compact  and  blackish  gray,  or  cellular  and  yellowish  gray. 

8.  Pulverulent  limestone,  with  solid  fragments  interspersed. 

9.  Compact  marl-limestone,  or  zechstein,  which  changes  from  a  brownish  color  above 
to  a  blackish  schist  below,  as  it  comes  nearer  the  cupreous  schist,  which  seems  to  form  a 
part  of  it. 

10.  Cupreous  schist  (kupfer schiefer),  of  which  the  bottom  portion,  from  4  to  6  inches 
thick,  is  that  selected  for  metallurgic  operations.  Beneath  it,  is  found  the  usual  wall  or 
bed  of  sandstone.  A  vein  of  cobalt  ore  a,  which  is  rich  only  in  the  grayish-white  sand- 
stone {weisse  liegende),  traverses  and  deranges  all  the  beds  wherever  it  comes. 

Of  u-wking  mines  by  fire. — The  celebrated  mine  worked  since  the  tenth  century  in 
the  mountain  called  Rammelsberg,  in  the  Hartz,  to  the  south  of  Goslar,  presents  a  stra- 
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tified  mass  of  ores,  among;  the  beds  of  the  rock  which  constitute  that  mountain.  The 
mineral  deposite  is  situated  in  the  earth,  like  an  enormous  inverted  wedge,  so  that  its 
thickness  (power),  inconsiderable  near  the  surface  of  the  ground,  increases  as  it  descends. 
At  about  100  yards  from  its  outcrop,  reckoning  in  the  direction  of  the  slope  of  the  de- 
posite, it  is  divided  into  two  portions  or  branches,  which  are  separated  from  each  other, 
throughout  the  whole  known  depth,  by  a  mass  of  very  hard  clay  slate,  which  passes  into 
flinty  slate.  The  substances  composing  the  workable  mass  are  copper  and  iron  pyrites 
with  sulphuret  of  lead  (galena),  accompanied  by  quartz,  carbonate  of  lime,  compact  sul- 
phate of  baryta,  and  sometimes  gray  copper  ore,  sulphuret  of  zinc,  and  arsenical  pyrites. 
The  ores  of  lead  and  copper  contain  silver  and  gold,  but  in  small  proportion,  particularly 
as  to  the  last.  ♦ 

A  mine  so  ancient  as  that  of  Rammelsberg,  and  which  was  formerly  divided  among 
several  adventurous  companies,  cannot  fail  to  present  a  great  many  shafts  and  excava- 
tions ;  but  out  of  the  15  pits,  only  two  are  employed  for  the  present  workings  ;  namely, 
those  marked  A  b  and  e  f,  in  fig.  736,  by  which  the  whole  extraction  and  drainage  ar« 
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executed.    The  general  system  of  exploitation  by  fire,  as  practised  in  this  mine,  consists 
of  the  following  operations  : — 

1.  An  advance  is  made  towards  the  deposites  of  ore,  successively  at  different  levels, 
by  transverse  galleries  which  proceed  from  the  shaft  of  extraction,  and  terminate  at  the 
wall  of  the  stratiform  mass. 

2.  There  is  formed  in  the  level  to  be  worked,  large  vaults  in  the  heart  of  the  ore,  by 
means  of  fire,  as  we  shall  presently  describe. 

3.  The  floor  of  these  vaults  is  raised  up  by  means  of  terraces  formed  from  the  rubbish, 
in  proportion  as  the  roof  is  scooped  out. 

4.  The  ores  detached  by  the  fire  from  their  bed,  are  picked  and  gathered ;  sometimes 
the  larger  blocks  ai-e  blasted  with  gunpowder. 

5.  Lastly,  the  ores  thus  obtained  are  wheeled  towards  the  shaft  of  extraction,  and 
turned  out  to  the  day. 

Let  us  now  see  how  the  excavation  by  fire  is  practised  ;  and  in  that  A'iew,  let  us  con- 
sider the  state  of  the  workings  in  the  mines  of  Rammelsberg  in  1809.  We  may  remark 
in  fig.  736  the  regularity  of  the  vaults  previously  scooped  out  above  the  level  b  c,  and 
the  other  vaults  which  are  in  full  activity  of  operation.  It  is,  therefore,  towards  the 
lower  levels  that  the  new  workings  must  be  directed.  For  this  purpose,  the  transverse 
gallery  being  already  completed,  there  is  prepared  on  the  first  of  these  floors  a  vault  of 
exploitation  at  b,  which  eventually  is  to  become  similar  to  those  of  the  superior  levels. 
At  the  same  time,  there  is  commenced  at  the  starting  point  below  it,  leached  by  a  small 
well  dug  in  the  line  of  the  mineral  deposite,  a  transverse  gallery  in  the  rock,  by  means 
of  blasting  with  gunpowder.  The  rock  is  also  attacked  at  the  starting-point  by  a  similar 
cut,  which  advances  to  meet  the  first  perforation.  In  this  way,  whenever  the  vaults  of 
the  level  c  are  exhausted  of  ore  and  terraced  up  with  rubbish,  those  of  the  level  beneath 
it  will  be  in  full  activity. 

Others  will  then  be  prepared  at  a  lower  level ;  and  the  exploitation  may  afterwards  be 
driven  below  this  level  by  pursuing  the  same  plan,  by  which  the  actual  depth  of  excava- 
tion has  been  gained. 

In  workings  by  fire  we  must  distinguish,  1.  The  case  where  it  is  neecessary  to  open 
a  vault  immediately  from  the  floor ;  2.  The  case  where  the  vault  having  already  a 
certain  elevation,  it  is  necessary  to  heighten  its  roof.  In  the  former  case,  the  wall  or  floor 
of  the  mineral  deposite  is  first  penetrated  by  blasting  with  gunpowder.  Asrsoon  as  this 
penetration  is  eff'ected  over  a  certain  length,  parallel  to  the  direction  of  the  future 
vault,  as  happens  at  6,  there  is  arranged  on  the  bottom  a  horizontal  layer  of  billets  of 
firwood,  over  which  other  billets  are  piled  in  nearly  a  vertical  position,  which  rest  upon 
the  ore,  so  that  the  flame  in  its  expansion  comes  to  play  against  the  mineral  mass  to  be 
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detached.  When  after  some  similar  operations,  the  flame  of  t\e  pile  can  no  longer 
reach  the  ore  of  the  roof  on  account  of  its  height,  a  small  terrace  of  rubbish  must  be 
raised  on  the  floor  of  the  deposite  ;  and  over  this  terrace,  a  new  pile  of  fagots  is  to  be 
heaped  up  as  above  described.  The  ancient  miners  committed  the  fault  of  constantly 
placing  such  terraces  close  to  the  roof,  and  consequently  arranging  the  fagots  against 
this  portion  of  the  ore,  so  that  the  flame  circulated  from  the  roof  down  to  the  floor. 
The  result  of  such  procedure  was  the  weakening  of  the  roof,  and  the  loss  of  much  of  the 
ore  which  could  not  be  extracted  from  so  unstable  a  fabric ;  and  besides,  much  more 
wood  was  burned  than  at  the  present  day,  because  the  action  of  the  flame  was  dissipated 
iiupart  against  the  whole  mass  of  the  roof,  instead  of  being  concentred  on  the  portion  of 
the  ore  which  it  was  desired  to  dislodge.  Now,  the  flame  is  usually  made  to  circulate 
from  the  floor  to  the  roof,  in  commencing  a  new  vault. 

When  the  vault  has  already  a  certain  height,  care  is  always  taken  that  between  tbe 
roof  of  the  vault  and  the  rubbish  on  which  the  pile  is  arranged,  no  more  than  two  yarUs 
of  space  should  intervene,  in  order  that  the  flame  may  embrace  equally  the  whole  con- 
cavity of  the  vault,  and  produce  a  uniform  efl'ect  on  all  its  parts.  Here,  the  pile  is 
formed  of  horizontal  beds,  disposed  crosswise  above  one  another,  and  presents  four  free 
vertical  faces,  whence  it  has  been  called  a  che.st  by  the  miners. 

It  is  usually  on  Saturday  that  the  fire  is  applied  to  all  the  piles  of  fagots  distributed 
through  the  course  of  the  week.  Those  in  the  upper  floors  of  exploitation  are  first 
burned,  in  order  that  the  inferior  piles  may  not  obstruct,  by  their  vitiated  air,  the  com- 
bustion of  the  former.  Thus,  at  4  o'clock  in  the  morning,  the  fires  are  kindled  in  the 
upper  ranges  ;  from  pile  to  pile,  the  fireman  and  his  assistant  descend  towards  the  lower 
floors,  which  occupies  them  till  3  o'clock  in  the  afternoon.  Vainly  should  we  endeavor 
to  describe  the  majestic  and  terrific  spectacle  which  the  fire  presents,  as  it  unfolds  its 
wings  under  its  metallic  vaults,  soon  filled  with  vast  volumes  of  smoke  and  flame.  Let  us 
mark  the  useful  effect  which  it  produces. 

When  the  flame  has  beat  for  a  few  instants  on  the  beds  of  ore,  a  strong  odor  of 
sulphur,  and  sometimes  of  arsenic  is  perceived ;  and  soon  thereafter  loud  detonations 
are  heard  in  the  vaults.  Suddenly  the  flame  is  seen  to  assume  a  blue  color,  or  even  a 
white  ;  and  at  this  period,  after  a  slight  explosion,  flakes  of  the  ore,  of  greater  or  less 
magnitude,  usually  fall  down  on  the  fire,  but  the  chief  portion  of  the  heated  mineral 
still  remains  fixed  to  the  vault.  The  ores  pass  now  into  a  shattered  and  divided 
condition,  which  allows  them  afterwards  to  be  detached  by  long  forks  of  iron.  In  this 
manner  the  fire,  volatilizing  entirely  some  principles,  such  as  sulphur,  zinc,  arsenic,  and 
water,  changing  the  aggregation  of  the  constituent  parts  of  the  ore,  and  causing  fissures 
by  their  unequal  expansibilities,  facilitates  the  excavation  of  such  materials  as  resist  by 
their  tenacity  the  action  of  gunpowder. 

The  combustion  goes  on  without  any  person  entering  the  mine  from  Saturday  even- 
ing till  Monday  mornin?,  on  which  day,  the  fireman  and  his  assistants  proceed  to 
extinguish  the  remains  of  the  bonfires.  On  Monday  also  some  piles  are  constructed  in 
the  parts  where  the  effect  of  the  former  ones  has  been  incomplete ;  and  they  are  kindled 
after  the  workmen  have  quitted  the  mine.  On  Tuesday  all  hands  are  employed  in 
detaching  the  ores,  in  sorting  them,  taking  them  out,  and  preparing  new  piles  against  the 
next  Saturday. 

The  labor  of  a  week  consists  for  every  man  of  five  posts  during  the  day,  each  of  8 
hours,  and  of  one  post  of  four  hours  for  Saturday.  Moreover,  an  extra  allowance  is  made 
to  such  workmen  as  employ  themselves  some  posts  during  the  night. 

The  labor  of  one  compartment  or  atelier  of  the  mine  consists  therefore  in  arranging 
the  fagots,  in  detaching  the  ore  which  has  already  experienced  the  action  of  the  fire,  in 
breaking  the  blocks  obtained,  in  separating  the  ore  from  the  debris  of  the  pile,  and, 
whenever  it  may  be  practicable  or  useful,  in  boring  holes  for  blasting  with  gunpowder. 
The  heat  is  so  great  in  this  kind  of  mine,  that  the  men  are  obliged  to  work  in  it  without 
clothing. 

We  have  already  remarked,  that  besides  the  working  by  fire,  which  is  chiefly  used  here, 
recourse  is  sometimes  had  to  blasting  by  gunpowder.  This  is  done  in  order  either  to  re- 
cover the  bottom  part  or  ground  of  the  vaults  on  which  the  fire  can  act  but  imperfectly, 
to  clear  away  some  projections  which  would  interfere  with  the  eflfect  of  the  pile,  or  lastly 
to  strip  the  surroundin;;  rock  from  the  mass  of  the  ore,  and  thence  to  obtain  schist  proper 
for  the  construction  of  the  rubbish-terraces. 

The  blasting  process  is  employed  when  the  foremen  of  the  workshop  or  mine- 
chamber  judge  that  a  hole  well  placed  may  separate  enough  of  ore  to  pay  the  time,  the 
repair  of  tools,  and  the  gunpowder  expended.  But  this  indemnification  is  rarely  obtain- 
ed. The  following  statement  will  give  an  idea  of  the  tenacity  which  the  mineral  deposite 
often  presents. 

In  1808,  in  a  portion  of  the  Rammelsberg  mine,  the  ore,  consisting  of  extremely  com- 
pact iron  and  copper  pyrites,  was  attacked  by  a  single  man,  who  bored  a  mining  hole, 
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After  11  posts  of  obstinate  labor,  occupying  altogether  88  hours,  the  workman,  being 
vigilantly  superintended,  had  been  able  to  advance  the  hole  to  a  depth  of  no  more  than 
4  inches ;  in  doing  which  he  had  rendered  entirely  unserviceable  126  punches  or  borers, 
besides  26  others  which  had  been  re-tipped  with  steel,  and  201  which  had  been  sharp- 
ened ;  6^  pounds  of  oil  had  been  consumed  in  giving  him  light ;  and  half  a  pound  of 
gunpowder  was  required  for  blasting  the  bore.  It  was  found  from  a  calculation  made 
upon  these  facts  by  the  administration  of  mines,  that  every  inch  deep  of  this  hole  cost, 
at  their  low  price  of  labor,  nearly  a  florin,  value  two  shillings  and  sixpence. 

It  is  therefore  evident  that  though  the  timber,  of  which  the  consumption  is  prodigiously 
great,  were  much  less  abundant  and  dearer  than  it  still  is  at  Rammelsberg,  mining  by 
fire  would  be  preferable  to  every  other  mode  of  exploitation.  It  is  even  certain,  that 
on  any  supposition,  the  employment  of  gunpowder  would  not  be  practicable  for  every 
part  of  the  mine ;  and  if  fuel  came  to  fail,  it  would  be  requisite  to  renounce  the 
workings  at  Rammelsberg,  although  this  mountain  still  contains  a  large  quantity  of 
metals. 

If  in  all  mines  the  free  circulation  of  air  be  an  object  of  the  highest  importance,  we 
must  perceive  how  indispensable  it  must  be  in  every  part  of  a  mine  where  the  mode  of 
exploitation  maintains  the  temperature  of  the  air  at  112°  Fahr.,  when  the  workmen  return 
into  it  after  the  combustion  of  the  piles,  and  in  which  besides  it  is  necessary  that  this 
combustion  be  effected  with  activity  in  their  absence.  But  in  consequence  of  the  extent 
and  mutual  ramifications  of  the  workings,  the  number  of  the  shafts,  galleries  and  their 
■  diflerences  of  level,  the  ventilation  of  the  mine  is  in  a  manner  spontaneously  maintained. 
The  high  temperature  is  peculiarly  favorable  to  it.  The  aid  of  art  consists  merely  in 
placing  some  doors  judiciously,  which  may  be  opened  or  shut  at  pleasure,  to  carry  on 
the  circulation  of  the  air. 

In  considering  the  Rammelsberg  from  its  summit,  which  rises  about  400  yai-ds 
above  the  town  of  Goslar,  we  observe,  first,  beds  of  slaty  sandstone,  which  become  the 
more  horizontal  the  nearer  they  approach  to  the  surface.  At  about  160  yards  below 
the  top  level  there  occurs,  in  the  bosom  of  the  slaty  graywacke,  a  powerful  stratum  of 
shells  impasted  in  a  ferruginous  sandstone.  See  d,  fig.  730.  In  descending  towards  the 
face  of  the  ore,  the  parallel  stratification  of  the  clay-slate 
which  forms  its  walls  and  roof  grows  more  and  more 
manifest.  Here  the  slate  is  black,  compact,  and  thinly 
foliated.  The  inclination  of  the  different  beds  of  rock 
is  indicated  at  b.  The  substance  of  the  workable  mass 
is  copper  and  iron  pyrites,  along  with  sulphuret  of  lead, 
accompanied  by  quartz,  carbonate  of  lime,  compact  sul- 
phate of  baryta,  and  occasionally  gray  copper  (fahlerz), 
sulphuret  of  zinc,  and  arsenical  pyrites. 

The  ores  are  argentiferous  and  auriferous,  but  very 
slightly  so,  especially  as  to  the  gold.  It  is  the  ores  of 
lead  and  copper  which  contain  the  silver,  and  in  the  latter 
the  gold  is  found,  but  without  its  being  well  ascertained  in 
what  mineral  it  is  deposited.  Sometimes  the  copper 
occurs  in  the  native  state,  or  as  copper  of  cementation. 
Beautiful  crystals  of  sulphate  of  lime  are  found  in  the  old 
workings. 

In  figs.  736,  737,  A  b  is  the  shaft  of  extraction,  called 
the  Kahnenkuhkr ;  N  is  the  ventilation  shaft,  called  Breit- 
lingerweiterschacht ;  p  is  the  extraction  shaft,  called  Innier- 
schacht. 

E  F,  is  a  new  extraction-shaft,  called  Neuer  treibschacht , 
by  which  also  the  water  is  pumped  up ;  by  a  b,  and  e  f, 
the  Avhole  extraction  and  draining  are  carried  on.  The 
ores  are  raised  in  these  shafts  to  the  level  of  the  wagon- 
gallery  (galerie  de  rouJage)  i,  by  the  whims  1,  g,  provided 
with  ropes  and  buckets.  1,  2,  3,  4,  fiig.  736,  represent 
the  positions  of  four  water-wheels  for  working  the  whims ; 
the  first  two  being  employed  in  extracting  the  ores,  the 
last  two  in  draining.  The  driving  stream  is  led  to  the 
wheel  1,  along  the  drift  /;  whence  it  falls  in  succession 
upon  the  wheels  2,  3,  4,  The  general  system  of  working  consists  of  the  followino- 
operation  : —  ° 

1.  The  bed  of  ore  is  got  at  by  the  transverse  galleries,  m,  n,  o,  q,  r,  s,  which  branch 
off  from  the  extraction  shaft,  and  terminate  at  the  wall  of  the  main  bed ; 

2.  Great  vaults  are  scooped  out  at  the  level  of  the  workings,  by  means  of  fire  j 
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2.  Great  vaults  are  scooped  out  at  the  level  of  the  workings,  by  means  of  fire; 

3.  The  roofs  of  these  vaults  are  progressively  propped  with  mounds  of  rubbish ; 

4.  The  ores  thus  detached,  or  by  blasting  with  gunpowder,  are  then  collected  ; 

5.  Lastly,  they  are  wheeled  out  to  the  day ;  and  washed  near  z. 

Comparative  Table  of  celebrated  Mines  in  Europe  and  America.      By  F.  Burr,  Esq 
(Quarterly  Mining  Review  for  July^  1835,  p.  60.) 


Situation 
Eleration 


Nature  of  the  rock 


Nature   of  the    me- 
talliferous deposits 


Produce  of  the  ores 


lineral  substance; 
accompanying-  the 
ores 


Depth  of  the  princi- 
pal shafts 


Consolidated  and 
United  Mines. 


(At  present  the  richest 
mines  in  Cornwall.) 


Two  miles  east  of  Redruth. 

Elevation  of  the  surface 
above  the  level  ot  the 
sea,  from  200  lo  300  ft.; 
depth  of  the  bottom  of 
the  mine  below  the  level 
of  the  sea,  about  1,370 
feet. 

Primary  clay  slate  resting 
immedialeli?  on  granite, 
a  short  distance  west- 
ward of  the  mines.  The 
clay  slate  is  intersected 
by  "numerous  channels  of 
porphyry,  whicn  have 
nearly  the  same  direction 
as  the  mineral  veins,  and 
are  often  of  considerable 
Width.  The  porphyry 
sometimes  appears  also 
to  form  lar»e  irregular 
masses  in  the  clay  slate. 
Both  roclcs  are  traversed 
bv  veins  of  quartz  and 
clay  intersecting'  the  me- 
talliferous veins. 


In  the  consolidated  mines, 
the  eight  following  lodes 
are  extensively  worked  ;— 
Wheal  Fortune  IoiIp. 
Cusvea  lode,  Deeble's 
lode.  Old  lode,  Taylor's 
lode,  Tregoiming's  lode, 
Martin's  lode,  and  Glo- 
ver's lode.  In  the  united 
mines,  the  principal 
workino-s  are  upon  the 
Old  lode,  and  about  five 
or  six  others  are  more  or 
less  productive.  Nume- 
rous smaller  lodes  or 
"  branches"  occur  also 
in  both  mines.  The 
principal  lodes  are  from 
2  or  3,10  7  or  8  feet  wide; 
the  **  branches'*  are  gen- 
erally 12  or  18  inches 
wide.  The  direction  of 
the  lodes  varies  from 
nearly  east  and  west  to 
about  20  degrees  north  of 
east  and  south  oi  west. 
The  underlie  of  the  prin- 
cipal lodes  is  from  2  to 


about  the  same  south. 

Chiefly  copper  ore,  occa- 
sionally native  copper, 
blue  and  green  carbonate 
of  copper.  Tin,  or  oxide 
of  tin,  also  occurs,  but 
not  in  very  great  abun- 
dance. 

9i  per  cent  of  fine  copper ; 
average  produce  iu  100 
parts  of  ore. 


Chiefly    quartz,    of  which 
many  varieties  occur. 


The  ores  are  generally  ac- 
companied by  "gossan"* 
in  the  backs  of  the  lodes, 
by  blende,  and  by  iron, 
and  arsenical  pyrites  in 
depth. 

Woolf^s  engine-shaft,  248 
fathoms;      Pearce's     en- 

'  gine-shafu  275  fathoms. 
Some  oV  the  other  en- 
g-ine  shafts  are  scarcely 
inferior  in  depth. 


Veta  Grande  Mines. 


Four  miles  north  of  Za- 
catecas. 

Elevation  of  the  surface 
above  the  level  of  thi 
sea,  supposed  to  be  about 
6000  feet.  Elevation  of 
the  bottom  of  the  mine 
above  the  level  of  the  sea, 
probably  near  5,000  feet. 

Transition  clay  slate,  alter- 
nating with  dolomite, 
and  occasionally  with 
greywacke.  This  clay 
slate  is  sometimes  de- 
composed ;  it  rests  on 
syenitic  rocks,  and  is  in 
some  places  covered  with 
porphyry. 


One  principal  vein  (the 
Veta  Grande)  which  is 
generally  separated  into 
three  branches,  and 
sometimes  into  four. 
When  ramified.  the 
width  extends  to  60  or 
70  feet;  when  united, 
it  varies  from  8  or  10  to 
20  or  30  feet.  The 
branches  are  generally 
about  10  or  12  feet  wide  ; 
and  the  upper  one  is 
most  productive.  The 
direction  of  the  Veta 
Grande  is  from  30  lo 
40  degrees  south  of  east, 
and  north  of  west,  and 
its  underlie,  from  two  to 
three  feet  per  fathom 
south.  Other  veins  of 
less  size  occur  in  the 
neighbourhood  of  the 
Vela  Grande,  which 
cross  it  at  an  acute  angle. 
One  of  these  appears 
lo  heave  the  vein  for 
about  700  feel,  being  the 
most  remarkable  de- 
rangement of  the  kind 
on  record. 

Chiefly  red  silver,  native 
silver,  sulphuret  of  silver, 
and  argentiferous  pyrites. 


3(  oz.  per  quintal. 


Chiefly  quartz,  occasionally 
amethyst,  carbonate  of 
lime,  and  sulphate  of 
barytes. 

The  ores  are  generally  ac- 
companied by  blende, 
sulpnuret  of  antimony, 
anil  iron  pyrites. 


Tiro  General,  182  fathoms: 
Gallega  shaft,  138  fa- 
thoms. 


Mine  of  Valenciana. 

(Richest  of  the  Mexican 

mines  at  the  beginning  of 

the  present  century.) 


One  mile  north    of   Gui 

naxuato. 
Elevation  of  the  surface 
above  the  level  of  the  sea, 
7,617  feet.  Elevation  of 
the  bottom  of  the  mint 
above  the  level  of  the 
sea.  5,730  feet. 


The  Veta  Madre  of  Gua- 
naxuato,  upon  which 
this  mine  is  worked, 
verses  both  clay  slate 
and  porphyry,  but  it  is 
most  productive  in 
former  rock.  The  clay 
slate  is  considered  by 
Humboldt  to  belong 
the  transition  class,  but 
situate  near  the  limits  of 
primary  formations.  This 
rock  in  depth  passes  into 
chlorite    slate,    and    talc 


slati 


It 


lUam 


of  sye 


ordinate  bed 
hornblende 

serpentine.  The  por- 
phyry rests  upon  the  clay 
slate,  and  is  confer 
to  it,  both  in  direction 
and  stratification 
One  Veta  (the  Veta 
Mattre)  which  is  often 
separated 
branches,  extending  from 
130  to  160  feet  in  width. 
When    not  ramified,   its 


'idth 


from  20 


to  60  or  70  feet,  but 
is  more  commonly  from 
40  to  50  feet.  The 
direction  of  the  vei 
north-west  and  so 
east-  iis  underlie 
souin,  and  about  five  or 
six  feet  per  fathom. 


Sulphuret  of  silver,  native 
silver,  prismatic  black 
silver,  red  silver,  native 
ffold,  argentiferous  ga- 
lena. 


Four  ounces  of  silver  per 
quintal  of  100  lbs.,  equi- 
valent  to  2^  parts  of 
metal  in  1,000  of  on 
\  per  cent. 


Quartz,  amethyst,  car- 
bonate of  lime,pearlspar, 
and  hornstone. 

The  ores  are  accompanied 
by  blende,  spathose  iron, 
copper  and  iron  pyrites. 


Tiro  General,  310  fathoms. 


Mine  of 

HiMMELSFiJRST. 

(Richest  of  the 

Saxon  mines  at  the 

beginning  of  the 

present  century.) 


Two     miles      soutl 
east  of  Freyburg. 

Elevation  of 'the  sur- 
face above 
level  of  the  sea, 
1,346  feet.  Elevi 
tion  of  the  bot- 
tom of  the  mine 
above  the  level  of 
the  sea.  263  feet. 

The  rock  prevailing 
in  the  neighbour- 
hood of  Freyberg, 
in  which  this  and 
most  of  the  other 
mines  are  situate, 
is  a  formation  of 
primary  gneiss. 


There  are  five  veins 
worked  in  this 
mine.  The  prin- 
cipal vein  ( Teick- 
Jiache)  is  from  one 
foot  six  inches  to 
three  feet  in  width, 
the  others  are  from 
six  to  twelve  inches 
wide.  The  direc- 
tion of  this  vein 
is  nearly  north 
and  south,  its  un 
derlie  is  west,  and 
about  three  feet 
per  fathom.  Some 
of  the  other  veins 
intersect  it. 


Argentiferous  sul 
jniuret  of  lead, 
native  silver,  sul- 
phuret of  silver, 
red  silver. 


Six  to  seven  ounces 
of  silver  per  quin 
tal  of  100  lbs. 
Equivalent 

from  3}  to  A\ 
parts  of  metal  in 
1,000  of  ore,  or 
from  3-8ths  to 
nearly  \  per  cent. 
Q,uartz,  pearlspar, 
and  calcareous 


The  ores  are  ac- 
companied by 
blende,  spathose 
iron,  and  a  little 
iron  and  arsenical 
pyrites. 

FraT)kenschachfj  180 
fathoms. 


*  Gossan,  or  Gozzan  ;  oxide  of  iron  and  quartz. 
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Comparative  Table  of  celebrated  Mines  in  Europe  and  America. 
By  F.  Burr,  Esq. — Continued. 


Depth  of  adit  at  the 
principal  shafts 


Quantity  of  water 


Consolidated  and 
United  Minks. 


(At  present  the  richest 
mines  in  Cornwall.) 


At  Woolf 's  en"'ine-shaft, 
13  fathoms.  Tne  averaffi 
depth  of  the  adit  at  th< 
other  enflfine-shafts  i 
about  30  or  40  fathoms. 

Varies  from  2,000  to  3,000 
g-dllons  per  minute. 


Power  employed    in 
drainage 


Probable  equivalent 
in  actual  horse- 
power 

Averag-e  annual  ex- 
pense in  drainag-e 

Quantity  of  ore  an- 
;ally  produced 

Produce  in  metal 

Total      returns,      or 
lue  of  the  above 
Total   costs    of    the 
mine 

lear   profit    to    the 
proprietors 

Amount  of  capital 
invested 


Number  of  men  em- 
ployed 

Wag:es  of  the  miners 

per  day 
Quantity    and     ex- 
pense of  powder 
Manner     in     which 
!     the    ores    are  die- 
1    posed  of 


About  230  fathoms  at  tne 
consolidated     mines, 
the   united  mines,  abi 
110  fathoms. 

9  steam-eng-ines;  3  of  90- 
inch  cylinder,  3  of  85,  1 
of  80,  and  2  of  65. 
water  wheel,  48  feet  in 
diameter. 

1.600  constantly  at  work, 
or  a  total  number  of 
above  4,500. 


12.700/.  taking  the 
averag-e  of  tne  last 
ten  years. 


1,517  tons  of  fine  cop- 

r,  a  little  tm. 
n&,800/. 


Vkta  Grande  Minks. 


(At  present  the  richest 
mnies  in  Mexico.) 


Mine  of  Valenciana, 

(Richest  of  the  Mexican 

mines  at  the  btginnni^  of 

the  present  century.) 


cludinfflord'sdu 
21,000/.  per  annum. 

75,000/. 


SO  per  cent,  after  pay- 
ing- back  the  orig-inal 
capital. 

!osis  exclusive  of  lord^s 
dues,  78  per  cent. 


bout  2,500  persons,  of 
whom  about  1,450  are 
employed  under  ground. 
Probably  about  3  shillings 
on  an  average. 


Sold  to  the  smelting-  com- 
panies, and  smelted  by 
them  at  Swansea,  in 
South  Wales. 


On 


averag-e  about  150 


fatho 
Usually  10  malacates.* 


constantly 
,  or  a  total 
of  about  100 


20,000/.  per 


153,000     lbs.     troy    < 

silver. 
423,400/.  per  annum. 

252.170/.  per  annum. 


171,240/.  per 
130,000/. 


Nearly  700  per  cent, 
after  paving"  back  the 
original' capital. 

About  59i  per  cent. 


About  900,  of  whom  nearly 
600  are  employed  under 
groinid. 

About  8  or  9  shillings  per 
day. 


The  Valenciana  was  a  dry 
mine  from  its  com- 
mencement in  1760  to 
1780,  when  it  first  be- 
came troubled  with 
water,  in  consequence  of 
some  of  the  working's 
being-  inadvertently  com- 
municated with  the  ad- 
joining-mine of  Tepeyac; 
which,  although  upon 
the  same  vein,  was  ex- 
tremely wet.  The  quan- 
tity of  water  raised  during- 
the  late  working-  appears 
to  have  been   about 


alio 


per 


the    reg-uia 

much  less. 

310  fathoms. 


but 
intlux    was 


A  steam-eng-ine  of  30  i 
cylinder,  and  7  n 
cates. 


65  horses  constantly  at 
work,  or  a  total  number 
of  about  200. 


ut       40,000/.      per 

00    tons    of    silver 
e. 

222,900  lbs.  troy  silver. 

About  600,000/. 

197,900/.  per  annum. 

118,750/.  per  annum. 

Cannot  he  ascertained, 
but  known  to  have 
been  very  sr 


Mine  op 

HiMMELSFiiRST. 

(Richest  of  the 

Saxon  mines  at  the 

beg'inning'  of  the 

present  century.) 


The  adit  at  the  shaft 
called  Franken- 
schackty  is  47  fa- 
thoms in  depth. 


50 


gallons  per 


all. 


Not  known,  but  cer- 
tainly many  hundred 
per  cent. 

3sts  60  per  cent.  In 
the  nine  years  follow- 
ing, the  proportion 
was  80  per  cent.,  at 
the  end  of  that  time 
the  working  of  the 
opped  by 


the 


I  the 


Chiefly  reduced  by  Ih. 
company  at  the  hacienth 
of  Sanceda,  by  smelting 
and  amalgamation. 


ar  180it. 

3,100  Indians  and  Me'sti- 
zoes.  of  whom  1800  are 
emploveil  under  g-round. 

From  4  to  5  shilling's. 

1,420  cwt.;  value  15,830/. 

Sold  to    the    RescntadoresJDeii^ 


'wo  water-wheels 
each  42  feet  ii 
diameter. 


16  horses  con- 
stantly at  work, 
or  a  total  num- 
ber of  about 
50. 

Cannot  be  ascer- 
tained, but 
evidently    very 

630  tons  of  silver 


6,160  lbs.  troy  of 

silver. 
About  18,000/, 


3,560/.  per  an- 
num. 

Cannot  be  ascer- 
tained, but 
probably  very 
small. 

Not  known,  but 
probably     very 

Costs  73  per 
cent. 


700  miners,  of  whom 
550  are  employed 
under  ground. 

About  Is.  Gd.  per 
day. 

240  cwt. ;  value 
1,070/. 


elting 

and  amalgamation  ai 
haciendas,  in  the  neigh- 
bourhood of  Guanaxuato. 


to 
Government, 


the  neig'hbourhood 
of  Freyberg-.  where 
they  are  partly 
smelted,  and  part- 
ly amalgamated. 


VENTILATION    OF    MINES. 

When  men  penetrate  by  narrow  passages  into  the  interior  of  the  earth,  their  respir- 
ation, joined  to  the  combustion  of  candle  and  gunpowder,  are  not  long  of  vitiating 
the  air.  The  decomposition  of  wood  contributes  to  the  same  effect,  as  also  the 
mineral  bed  itself,  especially  in  coal  mines,  by  the  carburetted  hydrogen  and  carbonic 
acid  evolved,  and  from  the  absorption  of  oxygen  by  pyrites.  In  many  cases,  arsenical 
and  mercurial  vapours  are  disengaged.  Hence  the  necessity  of  maintaining  in  sub- 
*  Malacate ;  a  horse  whim. 
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terranean  cavities  a  continual  circulation  of  air,  which  may  renew  the  atmosphere  round 
the  miners.  The  whole  of  the  means  employed  to  produce  this  effect,  constitutes  what 
is  called  the  ventilation  of  mines. 

These  means  are  divided  into  natural  and  artificial.  The  natural  means  are  the  cur- 
rents produced  by  the  diff'erence  of  density  between  the  air  of  mines  and  the  externa] 
air ;  the  artifiial  are  air-exhausters  or  condensers,  fires,  &c. 

The  temperature  of  the  air  of  the  subterranean  workings  surpasses  the  mean  tem- 
perature of  the  place  in  which  the  mine  is  opened.  Hence  it  is  lighter  in  winter, 
but  in  summer  often  heavier  than  the  air  of  the  atmosphere.  For  this  reason,  when  the 
mine  presents  two  openings  at  diff'erent  levels,  the  air  naturally  flows  out  by  the  most 
elevated  in  winter,  and  by  the  lowest  in  summer.  We  may  take  advantage  of  this 
circumstance,  to  lead  the  air  into  the  bottom  of  even  a  very  long  gallery,  opening  into 
the  side  of  the  mountain,  by  piercing  a  shaft  into  its  roof  at  some  distance  from  the 
entrance,  and  dividing  the  gallery  by  a  horizontal  floor  into  two  parts,  which  have  no 
mutual  communication,  except  at  the  furthest  extremity — the  upper  part  communica 
ting  with  the  shaft,  and  the  under  with  the  mouth  of  the  gallerj'.  If  the  two  compart- 
ments have  different  dimensions,  the  air  in  the  smaller  sooner  comes  into  an  equilibrium 
of  temperature  with  the  rock  ;  and  the  difference  of  temperature  of  the  two  compart- 
ments is  sufficient  to  produce  a  current.  If  a  streamlet  of  water  flows  through  this 
gallery,  it  facilitates  the  flow  of  the  air  along  the  lower  compartment.  If  a  mine  has 
several  openings  situated  on  the  same  level,  it  rarely  happens  but  some  peculiar  circum- 
stance destroys,  during  the  colds  of  winter  and  the  heats  of  summer,  the  equilibrium  of 
the  air.  But  in  spring  and  autumn,  when  the  external  air  is  nearly  of  the  same  tem- 
perature with  that  of  tlie  mines,  the  above-named  causes  are  almost  always  too  feeble  to 
excite  an  issuing  current.  This  effect  is,  however,  frequently  obtained  by  raising  over 
one  of  the  shafts  a  chimney  20  or  HO  yards  high,  which  alone  produces  the  effect  of  an 
opening  at  a  different  level.  It  has  been  remarked  that  stormy  weather  usually  deranges 
every  system  of  ventilation.     See  Pitcoal  and  Ventilation. 

MINIUM.  (En?,  and  Fr. ;  Red  lead;  Mennige,  Germ.)  This  pigment  is  a  peculiar 
oxyde  of  lead,  consisting  of  two  atoms  of  the  protoxyde  and  one  of  the  peroxyde  ;  but,  as 
found  in  commerce,  it  always  contains  a  little  extra  protoxyde,  or  yellow  massicot.  It 
is  prepared  by  calcining  lead  upon  a  reverberatory  hearth  with  a  slow  fire,  and  frequent 
renewal  of  the  surface  with  a  rake,  till  it  becomes  an  oxyde,  taking  care  not  to  fuse  it. 
The  calcined  mass  is  triturated  into  a  fine  powder  in  a  paint  mill,  where  it  is  elutriated 
with  a  stream  of  water,  to  carry  off  the  finely  levigated  particles,  and  to  deposite  them 
afterwards  in  tanlcs.  The  powder  thus  obtained,  being  dried,  is  called  massicot.  It  is 
converted  into  minium,  by  being  put  in  quantities  of  about  50  pounds  into  iron  trays, 
1  foot  square,  and  4  or  5  inches  deep.  These  are  piled  up  upon  the  reverberatory  hearth, 
and  exposed  during  the  night,  for  economy  of  fuel,  to  the  residuary  heat  of  the  furnace, 
whereby  the  massicot  absorbs  more  oxygen,  and  becomes  partially  red  lead.  This,  after 
being  stirred  about,  and  subjected  to  a  similar  low  calcining  heat  once  and  again,  will  be 
found  to  form  a  marketable  red  lead. 

The  best  minium,  however,  called  orange  mine,  is  made  by  the  slow  calcination  of 
good  white  lead  (carbonate)  in  iron  trays.  If  the  lead  contains  either  iron  or  copper, 
it  aflfords  a  minium  which  cannot  be  employed  with  advantage  in  the  manufacture  of 
flint-glass,  for  pottery  glazes,  or  for  house-painting. 

Dumas  found  several  samples  of  red  lead  which  he  exaipnined  to  consist  of  the 
chemical  sesquioxyde  and  the  protoxyde,  in  proportions  varying  from  50  of  the  former 
and  50  of  the  latter,  to  95  3  of  the  former  and  4-7  of  the  latter.  The  more  oxygen 
gas  it  gives  out  when  heated,  the  better  it  is,  generally  speaking.  See  Naples 
Yellow. 

MINT.  (Monnaie,  Fr. ;  Munze,  Germ.)  The  chief  use  of  gold  and  silver  is  to 
serve  for  the  medium  of  exchange  in  the  sale  and  purchase  of  commodities,  a  function 
for  which  they  are  pre-eminently  fitted  by  their  scarcity,  by  being  unalterable  by  com- 
mon agents,  and  condensing  a  great  value  in  a  small  volume.  It  would  be  very  incon- 
venient in  general  to  barter  objects  of  consumption  against  each  other,  because  their 
carriage  would  be  expensive,  and  their  qualities,  in  many  cases,  easily  injured  by 
external  agents,  &c.  Gold  is  exempt  from  spontaneous  change,  and  little  costly  in 
conveyance.  Mankind  at  a  very  early  period  recognised  how  much  easier  it  was  to 
exchange  a  certain  weight  of  gold  or  silver  for  objects  of  commerce,  than  to  barter  these 
objects  themselves  ;  and  thenceforth  all  agreed  to  pay  for  their  purchases  in  bars  or  ingots 
of  these  precious  metals.  But  as  their  intrinsic  value  depends  upon  their  purity,  it  be- 
came necessnry  to  stamp  on  these  bars  their  standard  quality  and  their  weight. 

The  inconvenience  of  using  ingots  in  general  trade,  on  account  of  the  difficulty  of 
defining  fractional  values,  has  determined  governments  to  coin  pieces  of  money,  that 
is,  quantities  of  metal  whose  weight  and  standard  were  made  known  and  guarantied  by 
the  effigies  of  the  prince.     It  is  true,  indeed,  that  kings  have  become  frequently  coiners 
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of  base  money,  by  altering  the  weight  and  purity  of  the  pieces  apparently  guarantied 
by  their  impress.  By  such  reductions,  modern  coins  represent  less  of  the  precious  metal 
than  they  did  long  ago.  The  ordomiance  of  755,  for  the  coining  of  sous  in  France,  proves 
that  there  was  then  as  much  fine  silver  in  a  single  sous  as  there  is  now  in  a  piece  of  5 
francs.  During  the  last  two  centuries,  indeed,  silver  coins  have  been  diminished  two 
thirds  in  weight. 

But  since  knowledge  has  become  more  generally  diifused,  it  has  been  shown  that  these 
irauds  are  equally  injurious  to  the  prince  and  to  public  faith.  A  sovereign  may,  it  is 
true,  declare  by  a  decree  that  a  shilling-piece  is  to  be  held  worth  five  ;  but  let  us  consider 
the  consequences  of  this  decree.  All  the  individuals  who  have  rents  or  capital  sums  to 
receive  will  be  ruined,  by  getting  in  metallic  value  only  one  fifth  of  what  is  due  to  them ; 
for  although  the  nominal  value  should  be  the  same  as  what  they  are  entitled  to,  the 
intrinsic  value  would  be  but  a  fif\h  of  the  former;  so  that  when  they  go  to  purchase  the 
necessaries  or  comforts  of  life,  the  dealer  who  sells  them  will  at  once  raise  their  price 
five-fold.  Each  article  of  merchandise  would  thus  acquire  a  nominal  price  5  times 
greater ;  and  he  who  had  received  payment  of  a  debt  in  that  money  could  not  with  it 
procure  more  than  one  fifth  of  the  goods  he  could  have  previously  commanded.  That 
fraudulent  law  would,  therefore,  favor  the  debtors  at  the  expense  of  the  creditors ;  and 
as  the  state  is  commonly  a  great  debtor,  especially  when  it  has  recourse  to  the  deprecia- 
tion of  the  currency,  it  is  obvious,  that  however  illicit  the  gain  which  it  makes,  it  still 
does  gain;  and  this  is  the  reason  why  princes  have  so  often  tampered  with  the  mint. 
But  let  us  examine  the  otlier  consequences  of  this  decree. 

If  the  sovereign  is  a  debtor,  he  is  also  a  creditor  and  consumer,  and  even  the  moi^t 
considerable  of  any.  The  taxes  which  he  imposes  are  paid  him  in  this  deteriorated 
money,  returned  to  him  at  its  nominal  value ;  and  the  purveyors  of  his  armies,  h-s 
buildings,  and  his  household,  sell  him  their  commodities  only  at  the  actual  market 
price.  We  may  infer  from  this  simple  development  that  the  coin  with  which  he  pays 
for  any  object  has  the  same  intrinsic  value  as  the  object;  and  that  the  name  given  to 
the  coin  is  of  no  consequence.  The  prince  may  call  it  a  crown,  a  ducat,  or  a  rix-dollai 
at  his  pleasure ;  and  he  may  assign  any  value  to  it  that  his  caprice  may  suggest,  yet  this 
will  not  affect  its  value ;  for  this  is  fixed  beyond  his  control  by  the  general  nature  of 
things.  The  prince  may,  indeed,  at  the  outset,  have  profited  by  defrauding  his  creditors, 
and  by  authorizing  each  debtor  to  imitate  him,  but  he  will  soon  lose  whatever  he  may 
have  gained ;  and  he  will  thus  learn  to  his  cost  that  it  was  bad  policy  to  sacrifice  his 
character  by  giving  an  example  of  a  fraud  so  truly  unprofitable  in  the  issue.  More- 
over, he  will  lose  still  as  much  in  the  following  years,  because  his  treasury  will  receive 
only  one  fifth  part  of  the  taxes,  unless  he  has  quintupled  the  imposts.  It  mny  be  said, 
indeed,  that  he  mi^ht  do  the  one  thing  along  with  the  other.  But  every  one  knows  that 
this  power  is  neither  generally  permitted  to  princes,  nor,  if  it  were,  could  it  be  safely 
exercised.  Serious  political  crises  would  combine  to  endanger  the  stability  of  the  govern- 
ment ;  which  besides,  as  the  main  consumer  in  the  nation,  must  lose  always  as  much  as 
it  seems  to  gain. 

It  is  therefore  manifest,  that  the  alteration  of  the  standard  and  weight  of  the  coinage 
is  at  once  a  crime  and  a  ruinous  action  for  the  sovereign  power  to  commit;  and  hence 
such  disastrous  measures  have  been  long  abandoned  in  all  well-regulated  states.  A  gold 
Bovereisrn  is  intrinsically  worth  20  shillings,  minus  the  cost  of  coinage ;  for  were  it  worth 
more,  all  our  sovereign  pieces  would  be  exjiorted  or  melted  down,  to  obtain  the  difference 
of  value,  however  triflin?  it  might  be;  and  were  it  worth  less,  it  would  be  the  source  of 
loss  similar  to  what  the  state  occasions  when  it  depreciates  the  coin. 

To  comprehend  the  true  value  of  a  coin,  we  must  regard  this  piece  as  an  article  of 
merchandise,  whose  value  depends,  as  that  of  every  thing  else,  on  its  usefulness,  the 
esteem  in  which  it  is  held,  and  the  demand  for  it  in  the  market.  Grain  increases  in 
value  when  there  are  few  sellers  and  many  buyers ;  gold  and  silver  are  in  the  same  pre- 
dicament. The  value  of  these  metals  is  much  augmented,  indeed,  by  the  universal  cur- 
rency they  obtain  when  struck  into  money ;  a  value  additional  to  what  they  possess  as 
objects  of  the  arts.  This  value  of  the  precious  metals  changes  with  time  and  place,  like 
that  of  every  merchandise;  their  abundance,  since  the  discovery  of  America,  has  greatly 
lowered  their  value ;  that  is,  with  the  same  weight  of  metal,  we  cannot  at  the  present 
day  purchase  the  same  quantity  of  corn,  land,  wool,  &c.  as  formerly.  In  the  countries 
where  silver  abounds,  this  metal  has  less  value,  or,  in  other  terms,  commodities  are 
dearer.  Hence  the  metal  tends  to  resume  its  equilibrium  in  flowing  into  those  places 
where  it  is  rarer ;  which  means,  that  the  consumer  prefers  purchasina:  his  commodities 
there,  rather  than  in  another  place,  if  he  can  easily  transport  them  to  where  they  are 
dearer. 

It  was  formerly  believed  that  a  country  is  rich  when  it  has  a  great  deal  of  gold  and 
silver ;  but  this  popular  illusion  has  passed  away.  Spain  has  never  been  poorer  than 
since  the  discovery  of  America,  because  its  national  industry  has  been  ruined,  and  the 
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capitals  merely  passed  through  its  hands  to  spread  over  the  rest  of  Europe,  from  which 
it  was  obliged  to  import  every  thing  that  its  want  of  home  manufactures  made  it  neces- 
sary to  procure  from  abroad.  We  may  add  to  these  the  prodigalities  of  the  court,  which, 
supposing  its  wealth  inexhaustible,  tried  to  corrupt  all  the  ministers  of  the  other  powers, 
in  furtherance  of  the  chimera  of  universal  dominion.  The  richest  state  is  that  in  which 
there  is  most  industry,  whereby  the  inhabitants  may  procure  every  thing  indispensable  to~ 
the  conveniences  and  comforts  of  life.  Gold  as  a  useful  metal,  and  a  medium  of  exchange, 
is  undoubtedly  very  precious,  and  an  adequate  quantity  for  these  exchanges  must  be  had ; 
but  as  it  is  good  for  very  little  besides,  nay,  as  an  excess  is  even  hurtful,  it  soon  begins 
to  fly  of  itself  towards  the  places  where  it  is  more  needed  or  less  common. 

With  regard  to  the  relative  value  of  gold  and  silver,  several  details  have  already  been 
given  in  our  view  of  the  mineral  wealth  of  the  globe.  Three  centuries  ago,  an  ounce 
of  gold  was  worth  at  London  or  Paris  10  ounces  of  silver ;  now  it  may  be  exchanged  for 
15  ounces  and  a  half. 

The  par  of  two  coins  results  from  the  comparison  of  their  weight  and  standard  fine- 
ness. Let  us  take  for  an  example  the  conversion  of  English  gold  sovereigns  worth  20 
shillings  or  a  pound  sterling,  in  relation  to  the  French  louis  of  20  francs.  The  standard 
of  the  sovereign  gold  is  0-917,  fine  gold  being  1000;  its  weight  is  125,256  gr.  English, 
or  7-980855  grammes;  by  multiplying  this  weight  into  its  standard,  we  have  a  product 
of  7-3 18444035;  this  is,  in  grammes,  the  quantity  of  pure  gold  contained  in  the  sovereign 
piece.  The  piece  of  20  francs  has  a  legal  standard  of  0-9  ;  and  multiplying  this  number 
by  the  weight  of  the  louis,  6-45161  grammes,  we  find  that  it  contains  5-806449  of  pure 
metal.     We  then  make  this  proportion : — 

As  5-806449  -.  20  francs  : :  7-31844  -.  25-2079  francs;  or  the  value  of  the  English  sove- 
reign is  nearly  25-21  francs,  in  French  gold  coin.  A  similar  calculation  may  be  made  for 
silver  coins.  The  French  rule  for  finding  the  par  of  a  foreign  gold  coin,  or  its  intrinsic 
value  in  francs,  is  to  multiply  its  weight  by  its  standard  or  titre,  and  that  product  by  31. 
The  par  of  foreign  silver  money,  or  its  intrinsic  value  in  francs,  is  obtained  by  multiplying 
its  weight  in  grammes  by  its  standard  in  thousand  parts,  and  by  2.  The  French  5-franc 
piece  has  its  standard  or  titre  at  0-9,  and  weighs  25  grammes. 

The  assaying  of  gold  for  coin  and  trinkets  requii-es  very  delicate  management.  The 
French  take  half  a  gramme  at  most  (about  7f  grains)  of  gold,  and  fuse  it  with  thrice  its 
weight  of  silver,  as  already  described  under  Assay.  The  parting  is  the  next  operation. 
For  this  purpose  the  button  of  gold  and  silver  alloy  is  first  hammered  flat  on  a  piece  of 
steel,  and  then  made  feebly  red  hot  in  burning  charcoal  or  over  a  lamp  flame.  After 
being  thus  annealed,  the  metal  is  passed  through  the  rolling  press,  till  it  be  con- 
verted into  a  plate  about  -J—  of  an  inch  thick.  After  annealing  this  riband,  it  is  coiled 
into  a  spiral  form,  introduced  immediately  into  a  small  matrass  of  a  pear  shape,  an  assay 
matrass,  and  about  500  grains  of  nitric  acid,  sp.  grav.  1-185,  are  poured  over  it.  Heat 
being  now  applied  to  the  vessel,  the  solution  of  the  silver  and  copper  alloys  ensues,  and 
after  22  minutes  of  constant  ebullition,  the  liquid  is  poured  oft"  and  replaced  by  an  equal 
quantity  of  nitric  acid,  likewise  very  pure,  but  of  the  density  1-28.  This  is  made  to  boil 
for  about  10  minutes,  and  is  then  poured  otf,  when  the  matrass  is  filled  up  with  distilled 
water  to  the  brim.  In  conclusion,  a  small  annealing  crucible  is  inverted  as  a  cup  over 
the  mouth  of  the  matrass,  which  is  now  turned  upside  down  with  a  steady  hand ;  the 
slip  of  metal  falls  into  the  crucible  through  the  water;  which  by  sustaining  a  part  of  its 
weight  softens  its  descent  and  prevents  its  tearing.  The  matrass  is  then  dexterously 
removed,  without  letting  its  water  overflow  the  crucible.  The  water  is  gently  decanted 
from  the  crucible,  which  is  next  covered,  placed  in  the  middle  of  burning  charcoal,  and 
withdrawn  whenever  it  becomes  red  liot.  After  cooling,  the  metal  slip  is  weighed  very 
exactly,  whence  the  weight  of  fine  gold  in  the  alloy  is  known.  Stronger  acid  than  that 
prescribed  above  would  be  apt  to  tear  the  metallic  riband  to  pieces,  and  it  would  be  diffi- 
cult to  gather  the  fine  particles  of  gold  together  again.  The  metallic  plate  becomes  at 
last  merely  a  golden  sieve,  with  very  little  cohesion.  When  copper  is  to  be  separated 
from  gold  by  cupellation,  a  higher  temperature  is  requisite  than  in  cupelling  silver  coin. 

The  coining  apparatus  of  the  Royal  Mint  of  London  is  justly  esteemed  a  masterpiece 
of  mechanical  skill  and  workmanship.  It  was  erected  in  1811,  under  the  direction  of  the 
inventor,  Mr.  Boulton ;  and  has  since  been  kept  in  almost  constant  employment. 

The  melting  pots  (fig.  738)  are  made  of  cast-iron,  and  hold  conveniently  400  pounds 
of  metal.  They  are  furnished  with  a  spout  or  lip  for  pouring  out  the  metal,  and  with 
two  ears,  on  which  the  tongs  of  the  crane  lay  hold  in  lifting  them  out  of  the  furnace. 
The  pot  rests  on  pedestals  on  the  grate  of  the  furnace,  and  has  a  ring  cast  on  its  edge 
to  prevent  the  fuel  falling  into  it.  Whenever  it  becomes  red  hot,  the  metal  properly  pre- 
pared and  mixed,  so  as  to  produce  an  alloy  containing  0-915  parts  of  gold,  is  put  in,  and 
during  the  melting,  which  occupies  some  hours,  it  is  occasionally  stirred.  The  moulds 
are  meanwhile  piepared  by  warming  them  in  a  stove,  and  thereafter  by  rubbing  their 
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inside  surfaces  with  a  cloth  dipped  in  oil,  by  which  means  the  ingots  cast  in  them  get 
a  better  surface.     Fig.  739  represents  a  side  view  of  the  carriage,  charged  with  its 


moulds.     When  the  proper  number  of  moulds  is  introduced,  the  screws  at  the  end,  re- 
presented at  t  t,  are  screwed  fast,  to  fix  them  all  tight. 
The  pot  of  fused  metal  is  lifted  out  of  the  furnace  b ;  the  crane  (fig.  740)  then 


swung  round,  and  lowered  down  into  the  cradle  I,  m,  n,  o  of  the  pouring  machine, 
until  the  ring  on  the  edge  of  it  rests  on  the  iron  hoop  n,  which,  being  screwed  tight  up, 
holds  it  secure,  and  the  crane-tongs  are  removed.  One  of  the  assistants  now  takes  the 
winch  handle  s  in  one  hand,  and  y  in  the  other.  By  turning  y  he  moves  the  car- 
riage forward,  so  as  to  bring  the  iirst  mould  beneath  the  lip  of  the  melting  pot ;  and  by 
turning  s,  he  inclines  the  pot,  and  pours  the  metal  into  the  mould.  He  then  fills  the 
other  moulds  in  succession.  The  first  portion  of  liquid  metal  is  received  in  a  small  iron 
spoon,  and  is  reserved  for  the  assay-master ;  a  second  sample  is  taken  from  the  centre 
af  the  pot,  and  a  third  from  the  bottom  part.     Each  of  these  is  examined  as  to  its  quality. 

The  ingots,  which  are  about  10  inches  long,  7  broad,  and  6  tenths  of  an  inch  thick,  are 
iow  carried  to  the  rolling  mill, 

Fig.  741,  where  a  represents  a  large  spur  wheel,  fixed  on  the  extremity  of  a  long. 
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horizontal  shaft  b  b,  extending  beneath  the  whole  mill.  This  wheel  and  shaft  are  driven 
by  a  smaller  wheel,  fixed  on  the  main  or  fly-wheel  shaft  of  a  steam  engine  of  36-horse 
power.  The  main  shaft  b  of  ihe  rolling  mill  has  wheels  c,  n,  k  fixed  upon  it,  to  give 
motion  to  the  respective  rollers,  which  are  mounted  at  f  and  g,  in  strong  iron  frames, 
bolted  to  the  iron  sills  a  a,  which  extend  through  the  whole  length  of  the  mill,  and  rest 
upon  the  masonry,  in  which  the  wheels  are  concealed.  The  two  large  wheels  c  and  e 
o'lve  motion  to  the  wheels  v,  i,  which  are  supported  on  bearings  between  two  standards 
6  b  bolted  down  to  the  ground  sills.  On  the  ends  of  the  axes  of  these  wheels  are  heads 
for  the  reception  of  coupling  boxes  d,  d,  which  unite  them  to  short  connecting  shafts 
K  L ;  and  these  again,  by  means  of  coupling  boxes,  convey  motion  to  the  upper  rollers 
e  e  of  each  pair,  at  f  and  g.  The  middle  wheel  t>  upon  the  main  shaft  b  gives  motion 
to  the  lower  rollers  in  a  similar  manner.  Thus  both  the  rollers  e,f  of  each  frame  receive 
their  motion  from  the  main  shaft  with  equal  velocity,  by  means  of  wheels  of  large  radius, 
which  act  with  much  more  certainty  than  the  small  pinions  usually  employed  in  rolling 
mills  to  connect  the  upper  and  lower  rollers,  and  cause  them  to  move  together. 

The  rolling  mill  contains  four  pairs  of  rollers,  each  driven  by  its  train  of  wheel  work  ; 
the  mill,  therefore,  consists  of  two  such  sets  of  wheels  and  rollers  as  are  represented  in 
our  figure.  The  two  shafts  are  situated  parallel  to  each  other,  and  receive  their  motion 
from  the  same  steam  engine.  This  admirable  rolling  mill  was  erected  by  John 
Rennie,  Esq. 

The  ingots  are  heated  to  redness  in  a  furnace  before  they  are  rolled.  The  two  fur- 
naces for  this  purpose  are  situated  before  two  pairs  of  rollers,  which,  from  being  used  to 
consolidate  the  metal  by  rolling  whilst  hot,  are  termed  breaking-down  rollers.  Two 
men  are  employed  in  this  operation ;  one  taking  the  metal  from  the  furnace  with  a  pair 
of  tongs,  introduces  it  between  the  rollers ;  and  the  other,  catching  it  as  it  comes 
through,  lifts  it  over  the  top  roller,  and  returns  it  to  his  fellow,  who  puts  it  through 
742  fi?ain,   having   previously   approximated   the 

rollers  a  little  by  their  adjusting  screws. 
After  having  been  rolled  in  this  manner  four 
or  five  times,  they  are  reduced  to  nearly 
two  tenths  of  an  inch  thick,  and  increased 
lengthwise  to  about  four  times  the  breadth  of 
the  ingot.  These  plates,  while  still  warm, 
are  rubbed  over  with  a  dilute  acid  or  pickle, 
to  remove  the  color  produced  by  the  heat, 
and  are  then  cut  up  into  narrow  slips  across 
the  breadth  of  the  plate,  by  means  of  the  cir- 

cular  shears _/jg.  742. 

This  machine  is  worked  by  a  spur-wheel  at  the  extremity  of  the  main  shaft  b  of  the 
rolling  mill  (fie.  741.)  It  consists  of  a  framing  of  iron  A  A,  supporting  two  shafts  b  b, 
which  are  parallel  to  each  other,  and  move  together  by  means  of  two  equal  spur-wheels 
c  c  the  lower  one  of  which  works  with  the  teeth  of  the  ereat  wheel  above  mentioned, 
upon  the  m^n  shaft  of  the  rolling  mill.  At  the  extremities  of  the  two  shafts,  wheels 
or  circular  cutters  are  fixed  with  their  edges  overlapping  each  other  a  little  way. 
F  represents  a  shelf  on  which  the  plate  is  laid,  and  advanced  forward  to  present  it  to  the 
cutter-  and  g  is  a  ledge  or  guide,  screwed  down  on  it,  to  conduct  the  metal  and  to  regu- 
late the  breadth  of  the  piece  to  be  cut  off.  Hence  the  screws  which  fasten  down  the 
led-'e  are  fitted  in  oblong  holes,  which  admit  of  adjustment.  The  workman  holds  the 
plate  flat  upon  the  surface  f,  and  pushing  it  towards  the  shears,  they  will  lay  hold  of  it, 
and  draw  it  through  until  they  have  cut  the  whole  length.  The  divided  parts  are  also 
prevented  from  curling  up  into  scrolls,  as  they  do  when  cut  by  a  common  pair  of  shears  ; 
because  small  shoulders  on  E  and  r,  behind  the  cutting  edge,  keep  them  straight.  Be- 
hind the  standard,  supporting  the  back  pivots  of  the  shafts  b  b  of  the  cutter,  is  a  ftame  /, 
with  a  screw  ?«  tapped  through  it.  This  is  used  to  draw  the  axis  of  the  upper  cutter  d 
endwise  and  keep  its  edge  in  close  contact  with  the  edge  of  the  other  cutter  e.  The 
slips  or  ribands  of  plate  are  now  carried  to  the  other  two  pairs  of  rollers  in  the  rollmg 
mill  which  are  made  of  case-hardened  iron,  and  better  polished  than  the  hreaking-down 
rollers  The  plates  are  passed  cold  between  these,  to  bring  them  to  exactly  the  same 
thickness;  whence  thev  are  called  adjusting  or  planishing  rollers.  The  workman  here 
tries  every  piece  by  a'common  gauge,  as  it  comes  through.  This  is  a  piece  of  steel 
havin<^  a  notch  in  it ;  the  inside  lines  of  which  are  very  straight,  and  inclined  to  one 
another  at  a  very  acute  angle.  They  are  divided  by  fine  lines,  so  that  the  edge  of  the 
plate  being  pressed  into  the  notch,  will  have  its  thickness  truly  determined  by  the  depth 
to  which  it  enters,  the  divisions  showing  the  thickness  in  fractions  of  an  inch. 

In  rollin"  the  plate  the  second  time,  all  the  plates  are  successively  passed  through  the 
rollers  •  then  the  rollers  being  adjusted,  they  are  passed  through  another  time.  This 
i«  repeated  thrice  or  even  four  times;  after  which  they  are  all  tried  by. the  gauge,  and 
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thus  sorted  into  as  many  parcels  as  there  are  different  thicknesses.  It  is  a  curious  cir- 
cumstance, that  though  the  rollers  are  no  less  than  14  inches  in  diameter,  and  their  frame 
proportionally  strong,  they  will  yield  in  some  degree,  so  as  to  reduce  a  thick  plate  in  a 
less  degree  than  a  thin  one  ;  thus  the  plates  which  have  all  passed  through  the  same 
rollers,  may  be  of  3  or  4  different  degrees  of  thickness,  which  being  soiled  by  the  gauge 
into  as  many  parcels,  are  next  reduced  to  the  exact  dimension,  by  adapting  the  rollers  to 
each  parcel.  The  fust  of  the  parcel  which  now  comes  through  is  tried,  by  cutting  out  a 
circular  piece  with  a  small  hand  machine,  and  weighing  it.  If  it  proves  either  too  light 
or  too  heavy,  the  rollers  are  adjusted  accordingly,  till  by  a  few  such  trials  they  are  found 
to  be  correct,  when  all  the  parcel  is  rolled  through.  The  trial  plates  which  turn  out  to 
be  too  thin,  are  returned  as  waste  to  the  melting-house.  By  these  numerous  precautions, 
the  blanks  or  circular  discs,  when  cut  out  by  the  next  machine,  will  be  very  nearly  of  the 
same  weight ;  which  they  would  scarcely  be,  even  if  the  gauge  determined  all  the  plates 
to  the  same  thickness,  because  some  being  more  condensed  than  others,  they  would  weigh 
differently  under  the  same  volume. 

A  great  improvement  has  been  made  on  that  mode  of  lamination,  by  the  late  Mr. 
Barton's  machine  for  equalizing  the  thickness  of  slips  of  metal  for  making  coin,  which 
has  been  for  several  years  introduced  into  the  British  mint.  A  side  elevation  is  shown 
in^g'.  743,  and  a  plan  in^^g'.  744.  It  operates  in  the  same  way  as  wire-drawing  mechan- 
isms ;  namely,  pulls  the  slips  of  metal  forcibly  through  an  oblong  opening,  left  between 
two  surfaces  of  hardened  steel.  The  box  or  case  which  contains  the  steel  dies,  composed 
of  two  hardened  cylinders,  is  represented  at  c  in_^g.  743.  The  pincers  employed  to  hold 
the  metal,  and  draw  it  through,  are  shown  at  s  r. 
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The  slips  of  metal  to  be  operated  on  by  the  drawing  machine,  are  first  rendered 
thinner  at  one  end,  that  they  may  be  introduced  between  the  dies,  and  also  between  the 
jaws  of  the  pincers.  This  thinning  of  the  ends  is  effected  by  another  machine,  con- 
sisting of  a  small  pair  of  rollers,  mounted  in  an  iron  frame,  similar  to  a  rolling-miU. 
The  upper  roller  is  cylindrical,  but  the  lower  is  formed  with  3  flat  sides,  leaving  merely 
portions  of  the  cylinder  entire,  between  these  flat  sides.  The  distance  between  the 
centres  of  the  rollers  is  regulated  by  screws,  furnished  with  wheels  on  their  upper  ends, 
similar  to  what  is  seen  in  the  drawing  dies  at  c.  The  two  rollers  have  pinions  on  their 
axes,  which  make  them  revolve  together ;  they  are  set  in  motion  by  an  endless  strap 
passing  round  a  drum,  upon  whose  axis  is  a  pinion  working  into  the  teeth  of  a  wheel 
fixed  upon  the  axis  of  the  lower  roller. 

I'he  end  of  a  slip  of  metal  is  presented  between  the  rollers  while  they  are  in  motion, 
not  on  that  side  of  the  roller  which  would  operate  to  draw  in  the  slip  between  them,  as 
in  the  rollins-press  above  described,  but  on  the  contrary  side,  so  that  when  one  of  the 
flat  sides  of  the  under  roller  fronts  horizontally  the  circumference  of  the  upper  roller,  an 
opening  is  formed,  through  which  the  slip  of  metal  is  to  be  inserted  until  it  bears  against 
a  fixed  stop  at  the  back  of  the  rollers.  As  the  rollers  continue  to  turn  round,  the 
cylindrical  portions  come  opposite  to  each  other,  and  press  the  metal  between  them, 
forcing  it  outwards,  and  rendering  the  part  which  has  been  introduced  between  the 
rollers  as  thin  as  the  space  between  their  cylindrical  surfaces.  Thus  the  end  of  the  slip 
of  metal  becomes  attenuated  enough  to  pass  between  the  dies  of  the  drawing  machine, 
and  to  be  seized  by  the  pincers. 

In  using  the  drawing  machine,  a  boy  takes  hold  of  the  handle  s  of  the  pincers,  their 
hook  of  connexion  with  the  endless  chain  /,  I,  not  shown  in  the  present  figure,  being  dis- 
engaged, and  he  moves  them  upon  their  wheels  towards  the  die-box  c.  In  this  move- 
ment the  jaws  of  the  pincers  get  opened,  and  they  are  pushed  up  so  close  to  the 
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die-box  that  their  jaws  enter  a  hollow,  which  brings  them  near  the  dies,  enabling  them 
to  seize  the  end  of  the  slip  of  metal  introduced  between  them  by  the  action  of  the  pre- 
paratory rollers.  The  boy  now  holds  the  handle  s  on  the  top  of  the  pincers  fast,  and  with 
his  other  hand  draws  the  handle  x  backwards.  Thus  the  jaws  are  closed,  and  the  metal 
firmly  griped.  He  now  presses  down  the  handle  x  till  a  hook  on  the  under  side  of  the 
pincers  seizes  the  endless  chain  as  it  moves  along,  when  it  carries  the  pincers,  and  their 
slip  of  metal,  onwards  with  it.  Whenever  the  whole  length  of  the  metallic  riband  has 
passed  through  between  the  dies,  the  strain  on  the  pincers  is  suddenly  relieved,  which 
causes  the  weight  r  to  raise  their  hook  out  of  the  chain,  and  stop  their  motion.  The  ma- 
chine in  the  mint  has  two  sets  of  dies,  and  two  endless  chains,  as  represented  in  the  plan, 
fig.  744.  N  N,  are  toothed  wheels  in  the  upper  end  of  the  die-box,  furnished  with  pinions 
and  levers,  for  turning  them  round,  and  adjusting  the  distance  between  the  dies.  A  large 
spur-wheel  G,  is  fixed  upon  the  axis  f,  to  give  motion  to  the  endless  chains ;  see  both 
figures.  This  spur-wheel  is  turned  by  a  pinion  H,  fixed  upon  an  axis  m,  extending  across 
the  top  of  the  frame,  and  working  in  bearings  at  each  end.  A  spur-wheel  i,  is  fixed 
upon  the  axis  m,  and  works  into  the  teeth  of  a  i)inion  k,  upon  a  second  axis  across  the 
frame,  which  carries  likewise  a  drum  wheel  L,  through  which  motion  is  communicated  to 
the  whole  mechanism  by  an  endless  strap. 

The  cutting-out  machine  is  exhibited  in  fig.  745.     A  a  is  a  basement  of  stone  to  support 

an  iron  plate  b  b,  on  which  stand  the 
columns  c  c,  that  bear  the  upper  part 
D  of  the  frame.  The  iron  frame  of  the 
machine  e,  f,  e,  is  fixed  down  upon 
the  iron  plate  b,  b.  The  punch  d  is  fix- 
ed in  the  lower  part  of  the  inner  frame, 
and  is  moved  up  and  down  by  the  screw 
a,  which  is  worked  by  wipers  turned 
by  a  steam  engine,  impelling  the  lever 
H,  and  turning  backwards  and  forwards 
the  axis  g,  through  a  sufficient  space 
for  cutting  the  thickness  of  the  metallic 
lamina.  A  boy  manages  this  machine. 
There  are  twelve  of  them  mounted  on 
the  same  basement  frame  in  a  circulai 
range  contained  in  an  elegant  room, 
lighted  from  the  roof.  The  whole  are 
moved  by  a  steam  engine  of  16  horse 
power. 

The  blanks  or  planche/s  thus  cut  out, 
were  formerly  adjusted  by  filing  the 
edges,  10  bring  them  to  the  exact  weight;  a  step  which  Mr.  Barton's  ingenious  mechanism 
has  rendered  in  a  creat  measure  unnecessary.  The  edge  is  then  milled,  by  a  process 
which  Mr.  Boulton  desires  to  keep  secret,  and  which  is  therefore  not  shown  in  our  mint. 
But  the  French  mint  employs  a  very  elegant  machine  for  the  purpose  of  lettering 
or  milling  the  edges,  called  the  cordon  des  monnaics,  invented  by  M.  Gengembre,  which 
has  entirely  superseded  the  older  milling  machine  of  M.  Castaing,  described  in  the 
Encyclopedias.  The  Napoleon  coins  of  France  bear  on  the 
edge,  in  sunk  letters,  the  legend,  Dieu  protlge  la  France ;  and 
those  of  the  king,  Domine  salvumfac  regem.  This  is  marked 
before  striking  the  blank  or  flan.  One  machine  imprints 
this  legend,  and  its  service  is  so  prompt  and  easy,  that  a 
single  man  marks  in  a  day  20,000  pieces  of  5  francs,  or 
100,000  francs. 

Each  of  the  two  arc  dies  e,  d,  (fig.  746,)  carries  one  half 
of  the  legend,  engraved  in  relief  on  the  curved  face ;  these 
arcs  are  pieces  of  steel  tempered  veiy  hard,  and  fixed  with 
two  screws,  one  immoveably  at  e,  on  the  sill  which  bears  the 
apparatus  ;  the  other  at  d,  at  the  extremity  of  the  lever  p,  d, 
which  turns  round  the  axis  c.  The  letters  of  these  demi- 
legends  are  exactly  parallel,  and  inscribed  in  an  inverse  order 
on  the  dies.  An  alternating  circular  motion  is  communi- 
cated to  the  handle  p.  The  curvatures  of  the  two  dies  are 
arcs  of  circles  described  from  the  centre  c  ;  and  the  interval 
which  separates  them,  or  the  ditference  of  the  radii,  is  pre- 
cisely the  diameter  of  the  piece  to  be  milled. 
As  the  centre  c  sustains  the  whole  strain  of  the  milling,  and  produces,  of  consequence, 
a  hard  friction,  this  axis  must  possess  a  considerable  size.    It  is  composed  of  a  squat 
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truncated  cone  of  tempered  steel,  which  enters  into  an  eye  of  the  moveable  piece  p,  d. 
This  cone  is  kept  on  the  plate  of  the  metal  n  n,  which  bears  the  whole  machine,  by  a 
nut,  whose  screw,  by  being  tightened  or  slackened,  gives  as  much  freedom  as  is  requisite 
for  the  movement  of  rotation,  or  removes  the  shake  which  hard  service  gives  to  the  cone 
in  its  eye.  The  middle  thickness  of  the  hole  of  the  moveable  piece  p,  d,  and  the  axis  of 
the  lever  p,  which  terminates  it,  are  exactly  on  a  level  with  the  engraved  letters  of  the 
die,  so  that  no  strain  can  derange  the  moveable  piece,  or  disturb  the  centre  by  its  oscil- 
lations. 

At  a  is  a  vertical  tube,  containing  a  pile  of  blanks  for  milling.  It  is  kept  constantly 
full ;  the  tube  being  open  at  both  ends,  a  little  elevated  above  the  circular  space  a, 
K,  b,  which  separates  the  dies,  and  fixed  by  a  tail  m  with  a  screw  to  the  motionless 
piece  A,  B.  The  branch  i,  c,  moveable  with  the  piece  p,  d,  passes  under  the  tube,  and 
pushes  before  it  the  blank  at  the  bottom  of  the  column,  which  is  received  into  a  small 
excavation  in  the  form  of  a  circular  step,  and  carried  forwards.  Matters  are  thus  so 
arranged  as  to  regulate  the  issue  of  the  blanks,  one  by  one,  on  the  small  step,  called  the 
posoir  (bed.) 

As  soon  as  the  blank  is  pushed  forwards  into  contact  with  the  lower  edge  of  the 
engraved  grooves,  it  is  seized  by  them,  and  carried  on  by  the  strain  of  milling,  without 
exposing  the  upper  or  under  surfaces  of  the  blank  to  any  action  which  may  obstruct  the 
printing  on  its  edge. 

The  blank  is  observed  to  revolve  between  the  two  dies  according  as  the  lever  p  com- 
pletes its  course,  and  this  blank  passing  from  a  to  k,  then  to  b,  meets  a  circular  aperture 
b,  through  which  it  falls  into  a  drawer  placed  under  the  sill. 

The  range  of  the  moveable  lever  p  is  regulated  by  four  pieces,  r,  f,  f,  f,  solidly  sunk  in 
the  plate  n,  n,  which  bears  the  whole  apparatus.  A  stud  placed  on  this  lever  towards  d, 
makes  the  arm  of  the  posoir  i  c  retire  no  farther  than  is  necessary  for  the  little  blank  to 
issue  from  the  column  ;  and  a  spring  fixed  to  the  centre  c,  and  supported  on  a  peg,  brings 
back  the  posoir ;  so  that  when  a  screw  i  comes  to  strike  against  the  column,  the  posoir 
stops,  and  the  moveable  die  d,  which  continues  its  progress,  finds  the  blank  in  a  fit 
position  for  pressing,  seizing,  and  carrying  it  on,  by  reaction  of  the  fixed  die  e.  Thus 
the  edge  of  the  blank  is  lettered  in  half  a  second.  A  hundred  may  easily  be  marked  in 
about  three  minutes. 

The  coining  press  is  the  most  beautiful  part  of  the  whole  mechanism  in  the  British 
mint ;  but  the  limits  of  this  volume  will  not  allow  of  its  being  figured  upon  an  adequate 
scale.     An  engraving  of  it  may  be  seen  in  the  Encyclopedia  Britannica. 

The  only  attention  which  this  noble  machine  requires  is  that  of  a  little  boy,  who  stands 
in  a  sunk  place  before  the  press,  and  always  keeps  the  tube  full  of  blanks.  He  has  two 
strings,  one  of  which,  when  pulled,  will  put  the  press  in  motion  by  the  concealed  me- 
chanism in  the  apartment  above ;  and  the  other  string,  when  snatched,  stops  the  press. 
This  coining  operation  goes  on  at  the  rate  of  60  or  70  strokes  per  minute;  and  with 
very  few  interruptions  during  the  whole  day.  The  press-room  at  the  Royal  Mint 
contains  eight  machines,  all  supported  on  the  same  stone  base;  and  the  iron  beams^be- 
tween  the  columns  serve  equally  for  the  presses  on  each  side.  The  whole  has  therefore 
a  magnificent  appearance.  The  eight  presses  will  strike  more  than  19,000  coins  in  an 
hour,  with  only  a  child  to  supply  each.  The  grand  improvement  in  these  presses  con- 
sists;  1.  in  the  precision  with  which  they  operate  to  strike  every  coin  with  equal  force, 
which  could  not  be  ensured  by  the  old  press  impelled  by  manual  labor ;  2.  The  rising 
collar  or  steel  ring  in  which  they  are  struck,  keeps  them  all  of  one  size,  and  makes  a  fair 
edge,  which  was  not  the  case  with  the  old  coins,  as  they  were  often  rounded  and  defaced 
by  the  expansion  of  the  metal  under  the  blow;  3.  The  twisting  motion  of  the  upper 
die  is  thought  to  produce  a  better  surface  on  the  flat  parts  of  the  coin  ;  but  this  is  some- 
what doubtful ;  4.  The  feeding  mechanism  is  very  complete,  and  enables  the  machine 
to  work  much  quicker  than  the  old  press  did,  where  the  workman,  being  in  constant 
danger  of  having  his  fingers  caught,  was  obliged  to  proceed  cautiously,  as  well  as  to  place 
the  coin  true  on  the  die,  which  was  seldom  perfectly  done.  The  feeding  mechanism  of 
the  above  press  is  a  French  invention  ;  but  Mr.  Boulton  is  supposed  to  have  improved 
npon  it. 

MIRRORS.     See  Copper  and  Glass. 

MISPICKEL  is  arsenical  pyrites. 

MOHAIR  is  the  hair  of  a  goat  which  inhabits  the  mountains  in  the  vicinity  of  Angora, 
m  Asia  Minor. 

MOIRE'E  METALLIQUE,  called  in  this  country  crystallized  tin-plate,  is  a 
variegated  primrose  appearance,  produced  upon  the  surface  of  tin-plate,  by  applying  to  it 
in  a  heated  state  some  dilute  nitro-muriatic  acid  for  a  few  seconds,  then  washing  it 
with  water,  drying,  and  coating  it  with  lacker.  The  figures  are  more  or  less  beau- 
tiful and  diversified,  according  to  the  degree  of  heat,  and  relative  dilution  of  the  acid. 
This  mode  of  ornamenting  tin-plate  is  much  less  in  vogue  now  than  it  was  a  few  years  ago, 
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MOLASSE  is  a  sandstone  belonging  to  the  tertiary  strata,  employed  tinder  that  name 
by  the  Swiss  for  building. 

MOLASSES  is  the  brown  viscid  uncrystallizable  liquor,  which  drains  from  cane  sugar 
in  the  colonies.     See  Sugar. 

MOLYBDENUM  (Molybdhie,  Fr. ;  Mdybdan,  Germ.)  is  a  rare  metal  which  occurs  in 
nature  sometimes  as  a  sulphuret,  sometimes  as  molybdic  acid,  and  at  others  as  molybdate 
of  lead.  Its  reduction  from  the  acid  state  by  charcoal  requires  a  very  high  heat,  and 
affords  not  very  satisfactory  results.  When  reduced  by  passing  hydrogen  over  the  igni- 
ted acid,  it  appears  as  an  ash-gray  powder,  susceptible  of  acquiring  metallic  lustre  by 
being  rubbed  with  a  steel  burnisher ;  when  reduced  and  fused  with  charcoal,  it  possesses 
a  silver  white  color,  is  very  brilliant,  hard,  brittle,  of  specific  gravity  8'6 ;  it  melts  in  a 
powerful  air-furnace,  oxydizes  with  heat  and  air,  burns  at  an  intense  heat  into  molybdic 
acid,  dissolves  in  neither  dilute  sulphuric,  muriatic,  nor  fluoric  acids,  but  in  the  concen- 
trated sulphuric  and  nitric. 

The  protoxyde  consists  of  85-69  of  metal,  and  14'31  of  oxygen;  the  deutoxyde  con- 
sists of  75  of  metai,  and  25  of  oxygen  ;  and  the  peroxyde,  or  molybdic  acid,  of  66*6  of 
metal,  and  33-4  of  oxygen.  These  substances  are  loo  rare  at  present  to  be  used  in  any 
manufacture. 

MORDANT,  in  dyeing  and  calico-printing,  denotes  a  body  which,  having  a  twofold 
attraction  for  organic  fibres  and  coloring  particles,  serves  as  a  bond  of  union  between 
them,  and  thus  gives  fixity  to  dyes ;  or  it  signifies  a  substance  which,  by  combining  with 
coloring  particles  in  the  pores  of  textile  filaments,  renders  them  insoluble  in  hot  soapy 
and  weak  alkaline  solutions.  In  order  properly  to  appreciate  the  utility  and  the  true  func- 
tions of  mordants,  we  must  bear  in  mind  that  coloring  matters  are  peculiar  compounds 
possessed  of  certain  affinities,  their  distinctive  characters  being  not  to  be  either  acid  or 
alkaline,  and  yet  to  be  capable  of  combining  with  many  bodies,  and  especially  with 
salifiable  bases,  and  of  receiving  from  each  of  them  modifications  in  their  color, 
solubility,  and  alterability.  Organic  coloring  substances,  when  pure,  have  a  very 
energetic  attraction  for  certain  bodies,  feeble  for  others,  and  none  at  all  for  some. 
Among  these  immediate  products  of  animal  or  vegetable  life,  some  are  soluble  in  jmre 
water,  and  others  become  so  only  through  peculiar  a?ents.  We  may  thus  readily  con- 
ceive, that  whenever  a  dye-stuff  possesses  a  certain  afilnity  for  the  organic  fibre,  it  will 
be  able  to  become  fixed  on  it,  or  to  dye  it  without  the  intei"vention  of  mordants,  if  it  be 
insoluble  by  itself  in  water,  which,  in  fact,  is  the  case  with  the  coloring  matters  of 
safflower,  annotto,  and  indigo.  The  first  two  are  soluble  in  alkalis  ;  hence,  in  order  to 
use  them,  they  need  only  be  dissolved  in  a  weak  alkaline  ley,  be  thus  applied  to  the 
stuffs,  and  then  have  their  tinctorial  substance  precipitated  within  their  pores,  by 
abstracting  their  solvent  alkali  with  an  acid.  The  coloring  matter,  at  the  instant  of 
ceasing  to  be  liquid,  is  in  an  extremely  divided  state,  and  is  in  contact  w^ith  the  organic 
fibres  for  which  it  has  a  certain  affinity.  It  therefore  unites  with  them,  and,  being 
naturally  insoluble  in  water,  that  is,  having  no  affinity  for  this  vehicle,  the  subsequent 
washings  have  no  effect  upon  the  dye.  The  same  thing  may  be  said  of  indigo, 
although  its  solubility  in  the  dye-bath  does  not  depend  upon  a  similar  cause,  but  is  due 
to  a  modification  of  its  constituent  elements,  in  consequence  of  which  it  becomes 
soluble  in  alkalis.  Stufis  plunged  into  this  indigo  bath  get  impregnated  with  the 
solution,  so  that  when  again  exposed  to  the  air,  the  dyeing  substance  resumes  at  once 
its  primitive  color  and  insolubility,  and  Avashing  can  carry  off  only  the  portions  in  ex- 
cess above  the  intimate  combination,  or  which  are  merely  deposited  upon  the  surface  of 
the  stuff. 

Such  is  the  result  with  insoluble  coloring  matters ;  but  for  those  which  are  soluble 
it  should  be  quite  the  reverse,  since  they  do  not  possess  an  affinity  for  the  organic  fibres, 
which  can  counterbalance  their  affinity  for  water.  In  such  circumstances,  the  dyer 
must  have  recourse  to  intermediate  bodies,  which  add  their  affinity  for  the  coloring 
matter  to  that  possessed  by  the  particles  of  the  stufl',  and  increase  by  this  twofold  action 
the  intimacy  and  the  stability  of  the  combination.  These  intermediate  bodies  are  the 
true  mordants. 

Mordants  are  in  general  found  among  the  metallic  bases  or  oxydes ;  whence  they 
might  be  supposed  to  be  very  numerous,  like  the  metals  ;  but  as  they  must  unite  the  two- 
fold condition  of  possessing  a  strong  affinity  for  both  the  coloring  matter  and  the  organic 
fibre,  and  as  the  insoluble  bases  are  almost  the  only  ones  fit  to  form  insoluble  combina- 
tions, we  may  thus  perceive  that  their  number  may  be  very  limited.  It  is  well  known, 
that  although  lime  and  magnesia,  for  example,  have  a  considerable  affinity  for  coloring 
particles,  and  form  insoluble  compounds  with  them,  yet  they  cannot  be  employed  as  mor- 
dants, because  they  possess  no  affinity  for  the  textile  fibres. 

Experience  har  proved,  that  of  all  the  bases,  those  which  succeed  best  as  mordants  are 
alumina,  lin,  and  oxyde  of  iron  ;  the  first  two  of  which,  being  naturally  white,  are  the 
only  ones  which  can  be  employed  for  preserving  to  the  color  its  original  tint,  at  least 
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without  much  variation.  But  whenever  the  mordant  is  itself  colored,  it  will  cause  the 
dye  to  take  a  compound  color  quite  different  from  its  own.  If,  as  is  usually  said,  the 
mordant  enters  into  a  real  chemical  union  with  the  stuff  to  be  dyed,  the  application  of 
the  mordant  should  obviously  be  made  in  such  circumstances  as  are  known  to  be  most 
favorable  to  the  combination  taking  place  ;  and  this  is  the  principle  of  every  day's  prac- 
tice in  the  dye-house. 

In  order  that  a  combination  may  result  between  two  bodies,  they  must  not  only  be  in 
contact,  but  they  must  be  reduced  to  their  ultimate  molecules.  The  mordants  that  are 
to  be  united  with  stuffs  are,  as  we  have  seen,  insoluble  of  themselves,  for  which  reason 
their  particles  must  be  divided  by  solution  in  an  appropriate  vehicle.  Now  this  solvent 
or  menstruum  will  exert  in  its  own  favor  an  affinity  for  the  mordant,  which  will  prove 
to  that  extent  an  obstacle  to  its  attraction  for  the  stuff.  Hence  we  must  select  such 
solvents  as  have  a  weaker  affinity  for  the  mordants  than  the  mordants  have  for  the  stuffs. 
Of  all  the  acids  which  can  be  employed  to  dissolve  alumina,  for  example,  vinegar  is  the 
one  which  will  retain  it  with  least  energy,  for  which  reason  the  acetate  of  alumina  is 
now  generally  substituted  for  alum,  because  the  acetic  acid  gives  up  the  alumina  with 
such  readiness,  that  mere  elevation  of  temperature  is  sufficient  to  effect  the  separation  of 
these  two  substances.  Before  this  substitution  of  the  acetate,  alum  alone  was  employed ; 
but  without  knowiag  the  true  reason,  all  the  French  dyers  preferred  the  alum  of  Rome, 
simply  regarding  it  to  be  the  purest ;  it  is  only  within  these  few  years  that  they  have 
understood  the  real  grounds  of  this  preference.  This  alum  has  not,  in  fact,  the  same  com- 
position as  the  alums  of  France,  England,  and  Germany,  but  it  consists  chiefly  of  cubic 
alum  having  a  larger  proportion  of  base.  Now  this  extra  portion  of  base  is  held  by  the 
sulphuric  acid  more  feebly  than  the  rest,  and  hence  is  more  readily  detached  in  the  form 
of  a  mordant.  Nay,  when  a  solution  of  cubic  alum  is  heated,  this  redundant  alumina 
falls  down  in  the  state  of  a  subsulphate,  long  before  it  reaches  the  boiling  point.  This 
difference  had  not,  however,  been  recognised,  because  Koman  alum,  being  usually  soiled 
with  ochre  on  the  surface,  gives  a  turbid  solution,  whereby  the  precipitate  of  subsulphate 
of  alumina  escaped  observation.  When  the  liquid  was  filtered,  and  crystallized  afresh, 
common  octahedral  alum  alone  was  obtained ;  whence  it  was  most  erroneously  concluded, 
that  the  preference  given  to  Roman  alum  was  unjustifiable,  and  that  its  only  superiority 
was  in  being  freer  from  iron. 

Here  a  remarkable  anecdote  illustrates  the  necessity  of  extreme  caution,  before  we 
venture  to  condemn  from  theory  a  practice  found  to  be  useful  in  the  arts,  or  set  about 
changing  it.  AVhen  the  French  were  masters  in  Rome,  one  of  their  ablest  chemists 
was  sent  thither  to  inspect  the  different  manufactures,  and  to  place  them  upon  a  level 
with  the  state  of  chemical  knowledge.  One  of  the  fabrics,  which  seemed  to  him  furthest 
behindhand,  was  precisely  that  of  alum,  and  he  was  particularly  hostile  to  the  construc- 
tion of  the  furnaces,  in  which  vast  boilers  received  heat  merely  at  their  bottoms,  and 
could  not  be  made  to  boil.  He  strenuously  advised  them  to  be  new  modelled  upon  a 
plan  of  his  own  ;  but,  notwithstanding  his  advice,  which  was  no  doubt  very  scientific,  the 
old  routine  kept  its  ground,  supported  by  utility  and  reputation,  and  very  fortunatelv 
too,  for  the  manufacture  ;  for  had  the  hiaher  heat  been  given  to  the  boilers,  no  more 
genuine  cubical  alum  would  have  been  made,  since  it  is  decomposed  at  a  temperature 
of  about  120°  F.,  and  common  octahedral  alum  would  alone  have  been  produced.  The 
addition  of  a  little  alkali  to  common  alum  brings  it  into  the  same  basic  state  as  the  alum 
of  Rome. 

The  two  principal  conditions,  namely,  extreme  tenuity  of  particles,  and  liberty  of 
action,  being  found  in  a  mordant,  its  operation  is  certain.  But  as  the  combination  to 
be  effected  is  merely  the  result  of  a  play  of  affinity  between  the  solvent  and  the  stuff  to 
be  dyed,  a  sort  of  partition  must  take  place,  proportioned  to  the  mass  of  the  solvent,  as 
well  as  to  its  attractive  force.  Hence  the  stuff  will  retain  more  of  the  mordant  when 
its  solution  is  more  concentrated,  that  is,  when  the  base  iliiiusecl  through  it  is  not  so 
much  protected  by  a  large  mass  of  menstruum;  a  fact  applied  to  very  valuable  uses  by 
the  practical  man.  On  impregnating  in  calico  printing,  for  example,  diflerent  spots  of 
the  same  web  with  the  same  mordant  in  different  degrees  of  concentration,  there  is 
obtained  in  the  dye-bath  a  depth  of  color  upon  these  spots  intense  in  proportion  to  the 
strength  of  their  various  mordants.  Thus,  with  solution  of  acetate  of  alumina  in  dif- 
ferent grades  of  density,  and  with  madder,  every  shade  can  be  produced,  from  the  fullest 
red  to  the  lightest  pink ;  and,  with  acetate  of  iron  and  madder,  every  shade  from  black 
to  pale  violet. 

We  hereby  perceive  that  recourse  must  indispensably  be  had  to  mordants  at  different 
stages  of  concentration  ;  a  circumstance  readily  realized  by  varying  the  proportions  of 
the  watery  vehicle.  See  Calico-printing  and  Madder.  When  these  mordants  are  to 
be  topically  applied,  to  produce  partial  dyes  upon  cloth,  they  must  be  thickened  with 
starch  or  gum,  to  prevent  their  spreading,  and  to  permit  a  sufficient  body  of  them  to 
become  attached  to  the  stuff.    Starch  answers  best  fbr  the  more  neutral  mordants,  and 
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gum  for  the  acidulous ;  but  so  much  of  them  should  never  be  used,  as  to  impede  the 
attraction  of  the  mordant  for  the  cloth.  Nor  should  the  thickened  mordants  be  of  too 
desiccative  a  nature,  lest  they  become  hard,  and  imprison  the  chemical  agent  before  it 
has  had  an  opportunity  of  combining  -with  the  cloth,  during  the  slow  evaporation  of  its 
water  and  acid.  Hence  the  mordanted  goods,  in  such  a  case,  should  be  hung  up  to 
dry  in  a  gradual  manner,  and  when  oxygen  is  necessary  to  the  fixation  of  the  base,  they 
should  be  largely  exposed  to  the  atmosphere.  The  foreman  of  the  factory  ought,  there- 
fore, to  be  thoroughly  conversant  with  all  the  minutise  of  chemical  reaction.  In  cold 
and  damp  weather  he  must  raise  the  temperature  of  his  drying-house,  in  order  to  com- 
mand a  more  decided  evaporation ;  and  when  the  atmosphere  is  unusually  dry  and 
warm,  he  should  add  deliquescent  correctives  to  his  thickening,  as  I  have  particularized 
in  treating  of  some  styles  of  calico-printing.  But,  supposing  the  application  of  the 
mordant  and  its  desiccation  to  have  been  properly  managed,  the  operation  is  by  no 
means  complete ;  nay,  what  remains  to  be  done  is  not  the  least  important  to  success, 
nor  the  least  delicate  of  execution.  Let  us  bear  in  mind  that  the  mordant  is  intended 
to  combine  not  only  with  the  organic  fibre,  but  afterwards  also  with  the  coloring 
matter,  and  that,  consequently,  it  must  be  laid  entirely  bare,  or  scraped  clean,  so  to 
speak,  that  is,  completely  disengaged  from  all  foreign  substances  which  might  invest  it, 
and  obstruct  its  intimate  contact  with  the  coloring  matters.  This  is  the  principle  and 
the  object  of  two  operations,  to  which  the  names  of  dunging  and  clearing  have  been 
given. 

If  the  mordant  applied  to  the  surface  of  the  cloth  were  completely  decomposed,  and 
the  whole  of  its  base  brought  into  chemical  union  with  it,  a  mere  rinsing  or  scouring  in 
water  would  suffice  for  removing  the  viscid  substances  added  to  it,  but  this  never 
happens,  whatsoever  precautions  may  be  taken;  one  portion  of  the  mordant  remains 
untouched,  and  besides,  one  part  of  the  base  of  the  portion  decomposed  does  not  enter 
into  combination  with  the  stuflj  but  continues  loose  and  superfluous.  All  these  par- 
ticles, therefore,  must  be  removed  without  causing  any  injury  to  the  dyes.  If  in  this 
predicament  the  stuff  were  merely  immersed  in  water,  the  free  portion  of  the  mordant 
would  dissolve,  and  would  com.bine  indiscriminately  with  all  the  parts  of  the  cloth  not 
mordanted,  and  which  should  be  carefully  protected  from  such  combination,  as  well  as 
the  action  of  the  dye.  We  must  therefore  add  to  the  scouring  water  some  substance 
that  is  capable  of  seizing  the  mordant  as  soon  as  it  is  separated  from  the  cloth,  and  of 
forming  with  it  an  insoluble  compound;  by  which  means  we  shall  withdraw  it  from 
the  sphere  of  action,  and  prevent  its  afl'ecting  the  rest  of  the  stuff,  or  interfering  with  the 
other  dyes.  This  result  is  obtained  by  the  addition  of  cow-dung  to  the  scouring  bath ;  a 
substance  which  contains  a  sufficiently  great  proportion  of  soluble  animal  matters,  and  of 
coloring  particles,  for  absorbing  the  aluminous  and  ferruginous  salts.  The  heat  given  to 
the  dung-bath  accelerates  this  combination,  and  determines  an  insoluble  and  perfectly 
inert  coagulum. 

Thus  the  dung-bath  produces  at  once  the  solution  of  the  thickening  paste;  a  more 
intimate  union  between  the  alumina  or  iron  and  the  stuff,  in  pi'oportion  to  its  elevation 
of  temperature,  which  promotes  that  union;  an  eflectual  subtraction  of  the  undecomposed 
and  superfluous  part  of  the  mordant,  and  perhaps  a  commencement  of  mechanical  separa- 
tion of  the  particles  of  alumina,  which  are  merely  dispersed  among  the  fibres  ;  a  separa- 
tion, however,  which  can  be  completed  only  by  the  proper  scouring,  which  is  done  by  the 
dash-wheel  with  such  agitation  and  pressure  (see  Blkaching  and  Dunging)  as  vastly 
facilitate  the  expulsion  of  foreign  particles.     See  also  Bkan. 

Before  concluding  this  article,  we  may  say  a  word  or  two  about  astringents,  and 
especially  gall-nuts,  which  have  been  ranked  by  some  writers  among  mordants.  It  is 
rather  difficult  to  account  for  the  part  which  they  play.  Of  course  we  do  not  allude  to 
their  operation  in  the  black  dye,  where  they  give  the  well  known  purple-black  color 
with  salts  of  iron  ;  t)ui  lo  S..2  circumstance  of  their  employment  for  madder  dyes,  and 
especially  the  Adrianople  red.  All  that  seems  to  be  clearly  established  is,  that  the 
astringent  principle  or  tannin,  whose  peculiar  nature  in  this  respect  is  unknown,  com- 
bines like  mordants  with  the  stuffs  and  the  coloring  substance,  so  as  to  fix  it;  but  as  this 
tannin  has  itself  a  brown  tint,  it  will  not  suit  for  Avhite  grounds,  though  it  answers  quite 
well  for  pink  grounds.  When  white  spots  are  desired  upon  a  cloth  prepared  with  oil  and 
galls,  they  are  produced  by  an  oxygenous  discharge,  effected  either  through  chlorine  or 
chromic  acid. 

MORDANT  is  also  the  name  sometimes  given  to  the  adhesive  matter  by  which 
gold-leaf  is  made  to  adhere  to  surfaces  of  wood  and  metal  in  gilding.  Paper,  vellum, 
taffety,  &c.,  are  easily  gilt  by  the  aid  of  different  mordants,  such  as  the  following  :  1. 
beer  in  which  some  honey  and  gum  arable  have  been  dissolved ;  2.  gum  arable,  sugar, 
and  water;  3.  the  viscid  juice  of  onion  or  hyacinth,  strengthened  with  a  little  gum 
arable.  When  too  much  gum  is  employed,  the  silver  or  gold  leaf  is  apt  to  crack  in 
the  drying  of  the  mordant.     A  little  carmine  should  be  mixed  with  llie  above  colorless 
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liquids,  to  mark  the  places  where  they  are  applied.  The  foil  is  applied  by  means  of  a 
dossil  of  cotton  wool,  and  when  the  mordant  has  become  hard,  the  foil  is  polislied  with 
the  same. 

The  best  medium  for  sticking  gold  and  silver  leaf  to  wood  is  the  following,  called  mix- 
tion by  the  French  artists  : — 1  pound  of  amber  is  to  be  fused,  with  4  ounces  of  mastic  in 
tears,  and  1  ounce  of  Jewish  pitch,  and  the  whole  dissolved  in  1  pound  of  linseed  oil  ren- 
dered drying  by  litharge. 

Painters  in  distemper  sometimes  increase  the  effect  of  their  work,  by  patches  of  gold 
leaf,  which  they  place  in  favorable  positions;  they  employ  the  above  mordant.  The 
manufacturers  of  paper  hangings  of  the  finer  kinds  attach  gold  and  sUver  leaf  to  them  by 
the  same  varnish. 

MOROCCO.     See  Leather. 

MORPHIA  (Morphine,  Fr. ;  Morphin,  Germ.)  is  a  vegeto-alkali  which  exists  asso- 
ciated jvith  opian,  codeine,  narcotine,  meconine,  meconic  acid,  resin,  gum,  bassorine,  lig- 
nine,  fat  oil,  caoutchouc,  extractive,  &c.  in  opium.  Morphia  is  prepared  as  follows : 
Opium  in  powder  is  to  be  repeatedly  digested  with  dilute  muriatic  acid,  slightly  heated, 
and  sea-salt  is  to  be  added,  to  precipitate  the  opian.  The  filtered  liquid  is  to  be  super- 
saturated with  ammonia,  which  throws  down  the  morphia,  along  with  the  meconine,  resin, 
and  extractive.  The  precipitate  is  to  be  washed  with  water,  heated,  and  dissolved  in 
dilute  muriatic  acid ;  the  solution  is  to  be  filtered,  whereby  the  foreign  matters  are  sepa- 
rated from  the  salt  of  morphia,  which  concretes  upon  cooling,  while  the  meconine  remains 
in  the  acid  liquid.  The  muriate  of  morphia  having  been  squeezed  between  folds  of  blot- 
ting paper,  is  to  be  sprinkled  with  water,  again  squeezed,  next  dissolved  in  water,  and 
decomposed  by  water  of  ammonia.  The  precipitate,  when  washed,  dried,  dissolved  in 
alcohol,  and  crystallized,  is  morphia. 

These  crystals,  which  contain  6*32  per  cent,  of  combined  water,  are  transparent,  color- 
less, four-sided  prisms,  without  smell,  and  nearly  void  of  taste,  fusible  at  a  moderate  heat, 
and  they  concrete  into  a  radiated  translucent  mass,  but  at  a  higher  temperature  they 
grow  purple-red.  Morphia  consists  of  72'34  of  carbon  ;  6*366  of  hydrogen  ;  5  of  azote ; 
and  16*3  of  oxygen.  It  burns  with  a  red  and  very  smoky  flame,  is  stained  red  by  nitric 
acid,  is  soluble  in  30  parts  of  boiling  anhydrous  alcohol,  in  500  parts  of  boiling  water,  but 
hardly  if  at  all  in  cold  water,  and  is  insoluble  in  ether  and  oils.  The  solutions  have  a 
strong  bitter  taste,  and  an  alkaline  reaction  upon  litmus  paper.  The  saline  com- 
pounds have  a  bitter  taste,  are  mostly  crystallizable,  are  soluble  in  water  and  alcohol 
(but  not  in  ether),  and  give  a  blue  color  to  the  peroxyde  salts  of  iron.  It  is  a  very  poi- 
sonous substance.  Acetate  of  morphia  is  sometimes  prescribed,  instead  of  opium,  in 
medicine. 

MORTAR,  HYDRAULIC,  called  also  Roman  Cement,  is  the  kind  of  mortar  used  for 
building  piers,  or  walls  under  or  exposed  to  water,  such  as  those  of  harbors,  docks,  &c. 
The  poorer  sorts  of  limestone  are  best  adapted  for  this  purpose,  such  as  contain  from  8  to 
25  per  cent,  of  foreign  matter,  in  silica,  alumina,  magnesia,  &c.  These,  though  calcined, 
do  not  slake  when  moistened ;  but  if  pulverized  they  absorb  water  without  swelling  up  or 
heating,  like  fat  lime,  and  aflTord  a  paste  which  hardens  in  a  few  days  under  water,  but 
in  the  air  they  never  acquire  much  solidity.  Smeaton  first  discovered  these  remarkable 
facts,  and  described  them  in  1759. 

The  following  analyses  of  different  hydraulic  limestones,  by  Berthier,  merit  con- 
fidence : — 


A.  Analyses  of  limestones , 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

Carbonate  of  lime 

97-0 

98-5 

74-5 

76-5 

80-0 

Carbonate  of  magnesia - 

2-0 

— 

23-0 

3-0 

1-5 

Carbonate  of  protoxyde  of  iron 

— 

— 

— 

3-0 

— 

Carbonate  of  manganese 

— 

— 

— 

1-5 

— 

Silica  and  alumina 

Oxyde  of  iron        ... 

1-0 

1-5 

1-2 

I      15-2 

\      18-0 

100-0 

100-0 

100-0 

100-0 

100-0 

B.  Analyses  of  the  burnt  lime. 

Lime 

96-4 

97-2 

78-0 

68-3 

70-0 

Magnesia      .        .        .        - 

1-8 

— 

20-0 

2-0 

1-0 

Alumina        .... 

1-8 

2-8 

2-0 

240 

29-0 

Oxyde  of  iron        ... 

— 

— 

— 

5-7 

— 

1000 

100-0 

100-0 

100-0 

1000 
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No.  1  is  from  the  fresh-water  lime  formation  of  Chateau-Landon,  near  Nemours.  No. 
2,  the  large-grained  limestone  of  Paris ;  both  of  these  aflbrd  a  fat  lime  when  burnt. 
Dolomite  aflbrds  a  pretty  fat  lime,  though  it  contains  42  per  cent,  of  carbonate  of  mag- 
nesia ;  No.  3  is  a  limestone  from  the  neighborhood  of  Paris,  which  yields  a  poor  lime, 
possessing  no  hydraulic  property ;  No.  4  is  the  secondary  limestone  of  Metz ;  No.  5  is 
the  lime  marl  of  Senonches,  near  Dreux  ;  both  the  latter  have  the  property  of  hardening 
under  water,  particularly  the  last,  which  is  much  used  at  Paris  on  this  account. 

All  good  hydraulic  mortars  must  contain  alumina  and  silica ;  the  oxydes  of  iron  and 
manganese,  at  one  time  considered  essential,  are  rather  prejudicial  ingredients.  By 
adding  silica  and  alumina,  or  merely  the  former,  in  certain  circumstances,  to  fat  lime,  a 
water-cement  may  be  artificially  formed  ;  as  also  by  adding  to  lime  any  of  the  following 
native  productions,  which  contain  silicates ;  puzzolana,  trass  or  tarras,  pumice-stone, 
basalt-tufl',  slate-clay.  Puzzolana  is  a  volcanic  product,  which  forms  hills  of  consider- 
able extent  to  the  south-west  of  the  Appenines,  in  the  district  of  Rome,  the  ;^ontine 
marshes,  Viterbo,  Bolsena,  and  in  the  Neapolitan  region  of  Puzzuolo,  whence  the  name. 
A  similar  volcanic  tufa  is  found  in  many  other  parts  of  the  world.  According  to  Ber- 
thier,  the  Italian  puzzolana  consists  of  44-5  silica ;  15-0  alumina;  8-8  lime;  4-7  magne- 
sia ;   1-4  potash ;  4-1  soda  ;  12  oxydes  of  iron  and  titanium  ;  9-2  water;  in  100  parts. 

The  tufa  stone,  which  when  ground  forms  trass,  is  composed  of  57-0  silica,  16-0  clay, 
2-6  lime,  1-0  magnesia,  7-0  potash,  1-0  soda,  5  oxydes  of  iron  and  titanium,  9-6  water. 
This  tuff  is  found  abundantly  filling  up  valleys  in  beds  of  10  or  20  feet  deep,  in  the  north 
of  Ireland,  among  the  schistose  formations  upon  the  banks  of  the  Rhine,  and  at  Mon- 
heim  in  Bavaria. 

The  fatter  the  lime,  the  less  of  it  must  be  added  to  the  ground  puzzolana  or  trass,  to 
form  a  hydraulic  mortar ;  the  mixture  should  be  made  extemporaneously,  and  must  at  any 
rate  be  kept  dry  till  about  to  be  applied.  Sometimes  a  proportion  of  common  sand  mor- 
tar instead  of  lime  is  mixed  with  the  trass.  When  the  hydraulic  cement  hardens  too 
soon,  as  in  12  hours,  it  is  apt  to  crack ;  it  is  better  when  it  takes  8  days  to  concrete. 
Through  the  agency  of  the  water,  silicates  of  lime,  alumina,  (magnesia,)  and  oxyde  of 
iron  are  formed,  which  assume  a  stony  hardness. 

Besides  the  above  two  volcanic  products,  other  native  earthy  compounds  are  used  in 
making  water  cements.  To  this  head  belong  all  limestones  which  contain  from  20  to 
30  per  cent,  of  clay  and  silica.  By  gentle  calcination,  a  portion  of  the  carbonic  acid  is 
expelled,  and  a  little  lime  is  combined  with  the  clay,  while  a  silicate  of  clay  and  lime 
results,  associated  with  lime  in  a  subcarbonated  state.  A  lime-marl  containing  less  clay 
will  bear  a  stronger  calcining  heat  without  prejudice  to  its  qualities  as  a  hydraulic 
cement ;  but  much  also  depends  upon  the  proportion  of  silica  present,  and  the  physical 
structure  of  all  the  constituents. 

The  mineral  substance  most  used  in  England  for  making  such  mortar  is  vulgarly 
called  cemcnt-stmie.  It  is  a  reniform  limestone,  which  occurs  distributed  in  single  nodules 
or  rather  lenticular  cakes,  in  beds  of  clay.  They  are  mostly  found  in  those  argillaceous 
strata  which  alternate  with  the  limestone  beds  of  the  oolite  formation,  as  also  in  the 
clay  strata  above  the  chalk,  and  sometimes  in  the  London  clay.  On  the  coasts  of  Kent, 
in  the  isles  of  Sheppey  and  Thanet,  on  the  coasts  of  Yorkshire,  Somersetshire,  and  the 
Isle  of  Wight,  &c.,  these  nodular  concretions  are  found  in  considerable  quantities,  having 
been  laid  bare  by  the  action  of  the  sea  and  weather.  They  were  called  by  the  older 
mineralosists  Septaria  and  Ludus  Hehnwitii  (Van  Helmont's  coits.)  When  sawn  across, 
they  show  veins  of  calc-spar  traversing  the  siJicious  clay,  and  are  then  sometimes  placed 
in  the  cabinets  of  virtuosi.  They  are  found  also  in  several  places  on  the  Continent,  as 
at  Neustadt-Eberswalde,  near  Antwerp,  near  Altdoi-f  in  Bavaria;  as  also  at  Boulogne- 
sur-mer,  where  they  are  called  Boulogne-pebbles  (galets).  These  nodules  vary  in  size 
from  that  of  a  fist  to  a  man's  head  ;  they  are  of  a  yellow-gray  or  brown  color,  inter- 
spersed with  veins  of  calc-spar,  and  sometimes  contain  cavities  bestudded  with  crystals. 

Their  specific  gravity  is  2-59. 

Analyses  of  several  cement-stones,  and  of  the  cement  made  with  them : — 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

A.  Constituents  of  the  cement -stones. 

Carbonate  of  lime 

65-7 

61-6 

_ 

82-9 

63-8 

—         magnesia 

0-5 

_ 

_ 

_ 

1-5 

—         protoxyde  of  iron 

60 

6-0 

- 

I    4-3 

11-6 

—        manganese   - 

1-6 

— 

— 

I 

Silica         .... 

18-0 

15-0 

_ 

13-0 

14-0 

i  Alumina  or  clay    ... 

6-6 

4-8 

- 

trace 

5-7     1 

L 
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1 
1 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

Oxyde  of  iron 

Water       -            .            -            - 

B.  Constituents  of  the  Cement. 
Lime         .            .            .            - 
Magnesia               - 
Alumina  or  clay    -             .             - 
Oxyde  of  iron        .            -            - 

1-2 

55-4 

36-0 
8-6 

3-0 
6-6 

54-0 

31-0 
15-0 

55-0 

38-0 
13-0 

- 

3-4 

56-6 

M 

21-0 

13-7 

No.  1.  English  cement-stone,  analyzed  hy  Berthier;  No.  2.  Boulogne  stone,  by  Dra- 
piez;  No.  3.  English  ditto,  by  Davy;  No.  4.  reniform  limestone  nodules  from  Arkona, 
by  Hiihnefeld;  No.  5.  cement-stone  of  Avallon,  by  Dumas. 

In  England  the  stones  are  calcined  in  shafl-kilns,  or  sometimes  in  mound-kilns,  then 
ground,  sifted,  and  packed  in  casks.  The  color  of  the  powder  is  dark-brown-red.  When 
made  into  a  thick  paste  with  water,  it  absorbs  little  of  it,  evolves  hardly  any  heat,  and 
soon  indurates.  It  is  mixed  with  sharp  sand  in  various  proportions,  immediately  before 
using  it;  and  is  employed  in  all  marine  and  river  embankments,  for  securing  the  seams 
of  stone  or  brick  floors  or  arches  from  the  percolation  of  moisture,  and  also  for  facing 
walls  to  protect  them  from  damp. 

The  cement  of  Pouilly  is  jjrepared  from  a  Jurassic  (secondarj')  limestone,  which  con- 
tains 39  per  cent,  of  silica,  with  alumina,  magnesia,  and  iron  oxyde.  Vicat  forms  a  fac- 
titious Roman  cement  by  making  bricks  with  a  pasty  mixture  of  4  parts  of  chalk,  and  1 
part  of  dry  clay,  drying,  burning,  and  grinding  them.  River  sand  must  be  added  to  this 
powder;  and  even  with  this  addition,  its  efficacy  is  somewhat  doubtful ;  though  it  has, 
for  want  of  a  better  substitute,  been  much  employed  at  Paris. 

The  cement  of  Dihl  consists  of  porcelain  or  salt-glaze  potsherds  ground  fine,  and 
mixed  with  boiled  linseed  oil. 

Hamelin's  mastic  or  lithic  paint  to  cover  the  facades  of  brick  buildings,  &c.j  is  com- 
posed of  50  measures  of  silicious  sand,  50  of  lime-marl,  and  9  of  litharge  or  red-lead 
ground  up  with  linseed  oil. 

MOSAIC  GOLD.  For  the  composition  of  this  peculiar  alloy  of  copper  and  zinc, 
called  also  Or-molu,  Messrs.  Parker  and  Hamilton  obtained  a  patent  in  November,  1825. 
Equal  quantities  of  copper  and  zinc  are  to  be  "  melted  at  the  lowest  temperature  that 
copper  will  fuse,"  which  being  stiiTcd  together  so  as  to  produce  a  perfect  admixture  of 
tlie  metals,  a  further  quantity  of  zinc  is  added  in  small  portions,  until  the  alloy  in  the 
melting  pot  becomes  of  the  color  required.  If  the  temperature  of  the  copper  be  too  liigh, 
a  portion  of  the  zinc  will  fly  off  in  vapor,  and  the  result  will  be  merely  spelter  or  hard 
solder ;  but  if  the  operation  be  carried  on  at  as  low  a  heat  as  possible,  the  alloy  wiU 
assume  first  a  brassy  yellow  color ;  then,  by  the  introduction  of  small  portions  of  zinc,  it 
will  take  a  purple  or  violet  hue,  and  will  ultimately  become  perfectly  white ;  which  is 
the  appearance  of  the  proper  compound  in  its  fused  state.  This  alloy  may  be  poured 
into  ingots ;  but  as  it  is  difficult  to  preserve  its  character  when  re-melted,  it  should  be 
cast  directly  into  the  figured  moulds.  The  patentees  claim  the  exclusive  right  of  com- 
pounding a  metal  consisting  of  from  52  to  55  parts  of  zinc  out  of  100. 

Mosaic  sold,  the  aururn  musivum  of  the  old  chemists,  is  a  sulphuret  of  tin. 

MOSAIC.  (Mosaiqiie,  Fr.  ;  Mosaisth,  Germ.)  There  are  several  kinds  of  mosaic, 
but  all  of  them  consist  in  imbedding  fragments  of  different  colored  substances,  usually 
glass  or  stones,  in  a  cement,  so  as  to  produce  the  efl'ect  of  a  picture.  The  beautiful  cha- 
pel of  Saint  Lawrence  in  Florence,  which  contains  the  tombs  of  the  Medici,  has  been 
greatly  admired  by  artists,  on  account  of  the  vast  multitude  of  precious  marbles,  jaspers, 
agates,  avanturines,  malachites,  &c.,  applied  in  mosaic  upon  its  walls.  The  detailed 
discussion  of  this  subject  belongs  to  a  treatise  upon  the  fine  arts. 

MOTHRR  OF  PEARL  (Nacre  de  Perks,  ¥r.;  Perlen  mutter.  Germ.)  is  the  hard, 
silvery,  brilliant  internal  layer  of  several  kinds  of  shells,  particularly  oysters,  which 
is  often  variegated  with  changing  purple  and  azure  colors.  The  large  oysters  of  the 
Indian  seas  alone  secrete  this  coat  of  sufficient  thickness  to  render  their  shells  available 
to  the  purposes  of  manufactures.  The  genus  of  shell  fish  called  pentadina  furnishes 
the  finest  pearls,  as  well  as  mother  of  pearl ;  it  is  found  in  greatest  perfection  round  the 
coasts  of  Ceylon,  near  Ormus  in  the  Persian  Gulf,  at  Cape  Comorin,  and  among  some 
of  the  Australian  seas.  The  brilliant  hues  of  mother  of  pearl  do  not  depend  upon  the 
nature  of  the  substance,  but  upon  its  structure.  The  microscopic  wrinkles  or  furrows 
which  run  across  the  surface  of  every  slice,  act  upon  the  reflected  light  in  such  a  way  as 
to  produce  the  chromatic  effect ;  for  Sir  David  Brewster  has  shown,  that  if  we  take,  with 
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very  fine  black  wax,  or  with  the  fusible  alloy  of  D'Arcet,  an  impression  of  mother  of 
pear],  it  will  possess  the  iridescent  appearance.  Mother  of  pearl  is  very  delicate  to  work, 
but  it  may  be  fashioned  by  saws,  files,  and  drills,  with  the  aid  sometimes  of  a  corrosive 
acid,  such  as  the  dilute  sulphuric  or  muriatic ;  and  it  is  polished  by  colcothar  of  vitriol. 

MOTHER-WATER  is  the  name  of  the  liquid  which  remains  after  all  the  salts  that 
will  regularly  crystallize  have  been  extracted,  by.  evaporation  and  cooling,  from  any  saline 
solution. 

MOUNTAIN  SOAP  {Savon  de  mcmtagne,  Fr. ;  Bergseife,  Germ.)  is  a  tender  mineral, 
soft  to  the  touch,  which  assumes  a  greasy  lustre  when  rubbed,  and  falls  to  pieces  in  water. 
It  consists  of  silica  44,  alumina  26-5,  water  20-5,  oxyde  of  iron  8,  lime  0-5.  It  occurs  in 
beds,  alternating  with  different  sorts  of  clay,  in  the  Isle  of  Skye,  at  Billin  in  Bohemia, 
&c.     It  has  been  often,  but  improperly,  confounded  with  steatite. 

MUCIC  ACID  (Jcide  mucique,  Fr. ;  Schleimsaiire,  Germ.)  is  the  same  as  the  saclactic 
acid  of  Scheele,  and  may  be  obtained  by  digesting  one  part  of  gum  arable,  sugar  of  milk, 
or  pectic  acid,  with  twice  or  thrice  their  weight  of  nitric  acid.  It  forms  white  granular 
crystals,  and  has  not  been  applied  to  any  use  in  the  arts. 

MUCILAGE  is  a  solution  in  water  of  gummy  matter  of  any  kind. 

MUFFLE  is  the  earthenware  case  or  box,  in  the  assay  furnaces,  for  receiving  the 
cupels,  and  protecting  them  from  being  disturbed  by  the  fuel.  See  Assay  and 
Furnace. 

MUNDIC  is  the  name  of  copper  pyrites  among  English  miners. 

MUNJEET  is  a  kind  of  madder  srown  in  several  parts  of  India. 

MURIATIC  or  HYDROCHLORIC  ACID  ;  anciently  marine  acid,  and  spirit  of  salt, 
{^cide  hydrochlorique,  and  Chlorhydrique,  Fr.  ;  Salzsaiire,  Germ.)  This  acid  is  now  extract- 
ed from  sea-salt,  by  the  action  of  sulphuric  acid  and  a  moderate  heat ;  but  it  was  originally 
obtained  from  the  salt  by  exposin?  a  mixture  of  it  and  of  common  clay  to  ignition  in  an 
earthen  retort.  The  acid  gas  which  exhales,  is  rapidly  condensed  by  water.  100  cubic 
inches  of  water  are  capable  of  absorbing  no  less  than  48,000  cubic  inches  of  the  acid 
gas,  whereby  the  liquid  acquires  a  specific  gravity  of  1-2109  ;  and  a  volume  of  142  cubic 
inches.  This  vast  condensation  is  accompanied  with  a  great  production  of  heat,  whence 
it  becomes  necessary  to  apply  artificial  refrigeration,  especially  if  so  strong  an  acid  as  the 
above  is  to  be  prepared.  In  general,  the  muriatic  acid  of  commerce  has  a  specific  gravity 
varying  from  M5  to  1-20;  and  contains,  for  the  most  part,  considerably  less  than  40 
parts  by  weight  of  acid  gas  in  the  hundred.  The  above  stronger  acid  contains  42*68  per 
cent,  by  weight ;  for  since  a  cubic  inch  of  water,  which  weighs  252-5  grains,  has 
absorbed  480  cubic  inches  =  188  grains  of  gas;  and  2525  -j-  188  =  4405;  then 
440-5  :  188  :  :  100  :  42-68.  In  general  a  very  good  approximation  may  be  found  to  the 
per  centage  of  real  muriatic  acid,  in  any  liquid  sample,  by  multiplying  the  decimal 
figures  of  the  specific  gravity  by  200.  Thus  for  example,  at  M62  we  shall  have  by 
this  rule  0-162  X  200  =  32-4,  for  the  quantity  of  gas  in  100  parts  of  the  liquid.  Muriatic 
acid  gas  consists  of  chlorine  and  hydrogen  combined,  without  condensation,  in  equal  vol- 
umes.    Its  specific  gravity  is  1-247,  air  =  1-000. 

By  sealing  up  muriate  of  ammonia  and  sulphuric  acid,  apart,  in  a  strong  glass  tube  re- 
curved, and  then  causing  them  to  act  on  each  other.  Sir  H.  Davy  procured  liquid  muriatic 
acid.  He  justly  observes,  that  the  generation  of  elastic  substances  in  close  vessels,  either 
with  or  without  heat,  offers  much  more  powerful  means  of  approximating  their  molecules 
than  those  dependant  on  the  application  of  cold,  whether  natural  or  artificial ;  for  as  gases 
diminish  only  i  in  volume  for  every  degree  of  Fahrenheit's  scale,  beginning  at  ordinary 
temperatures,  a  very  slisht  condensation  only  can  be  produced  by  the  most  powerful 
freezing  mixtures,  not  half  as  much  as  would  result  from  the  application  of  a  strong 
flame  to  one  part  of  a  glass  tube,  the  other  part  being  of  ordinary  temperature  ;  and  when 
attempts  are  made  to  condense  gases  into  liquids  by  sudden  mechanical  compression,  the 
heat  instantly  generated  presents  a  formidable  obstacle  to  the  success  of  the  experiment ; 
whereas  in  the  compression  resulting  from  their  slow  generation  in  close  vessels,  if  the 
process  be  conducted  with  common  precautions,  there  is  no  source  of  difficulty  or  danger; 
and  it  may  be  easily  assisted  by  artificial  cold,  in  cases  where  gases  approach  near  to 
that  point  of  compression  and  temperature  at  which  they  become  vapors. — Phil.  Trans. 
1823. 

The  muriatic  acid  of  commerce  has  usually  a  yellowish  tinge,  but  when  chemically  pure 
it  is  colorless.  It  fumes  strongly  in  the  air,  emitting  a  corrosive  vapor  of  a  peculiar 
smell.  The  characteristic  test  of  muriatic  acid  in  the  most  dilute  state,  is  nitrate  of  silver, 
which  causes  a  curdy  precipitate  of  chloride  of  silver. 

The  preparation  of  this  acid  upon  the  great  scale  is  frequently  eflfected  in  this  country 
by  acting  upon  sea-salt  in  hemispherical  iron  pots,  or  in  cast-iron  cylinders,  with  con- 
centrated sulphuric  acid  ;  taking  6  parts  of  the  salt  to  5  of  the  acid.  The  mouth  of  the 
pot  may  be  covered  with  a  slab  of  silicious  freestone,  perforated  with  two  holes  of  aboui 
two  inches  diameter  each,  into  the  one  of  which  the  acid  is  poured  by  a  funnel  in  successive 
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portions,  and  into  the  other,  a  bent  glass,  or  stone-ware  tube,  is  fixed,  for  conducting  the 
disengaged  muriatic  gas  into  a  series  of  large  globes  of  bottle  glass,  one  third  tilled  with 
water,  and  laid  on  a  sloping  sand-bed.  A  week  is  commonly  employed  for  working  oflf 
each  pot ;  no  heat  being  applied  to  it  till  the  second  day. 

The  decomposition  of  sea-salt  by  sulphuric  acid,  was  at  one  time  carried  on  by  some 
French  manufacturers  in  large  leaden  pans,  10  feet  long,  5  feet  broad,  and  a  foot  deep, 
covered  with  sheets  of  lead,  and  luted.  The  disengaged  acid  gas  was  made  to  circulate 
in  a  conduit  of  glazed  bricks,  nearly  650  yards  long,  where  it  was  condensed  by  a  sheet 
of  water  exceedingly  thin,  which  flowed  slowly  in  the  opposite  direction  of  the  gas  down 
a  slope  of  1  in  200.  At  the  end  of  this  canal  nearest  the  apparatus,  the  muriatic  acid 
was  as  strong  as  possible,  and  pretty  pure  ;  but  towards  the  other  end,  the  water  was 
hardly  acidulous.  The  condensing  part  of  this  apparatus  was  therefore  tolerably  com- 
plete ;  but  as  the  decomposition  of  the  salt  could  not  be  finished  in  the  leaden  pans,  the 
acid  mixture  had  to  be  drawn  out  of  them,  in  order  to  be  completely  decomposed  in  a 
reverberatory  furnace ;  in  this  way  nearly  50  per  cent,  of  the  muriatic  acid  was  lost. 
And  besides,  the  great  quantity  of  gas  given  o(f  during  the  emptying  of  the  lead-chambers 
was  apt  to  suffocate  the  workmen,  or  seriously  injured  their  lungs,  causing  severe 
hemoptysis.  The  employment  of  muriatic  acid  is  so  inconsiderable,  and  the  loss  of  it 
incurred  in  the  preceding  process  is  of  so  little  consequence,  that  subsequently,  both  in 
France  and  in  England,  sulphate  of  soda,  for  the  soda  manufacture,  has  been  procured 
with  the  dissipation  of  the  muriatic  acid  in  the  air.  In  the  method  more  lately  resorted 
to,  the  gaseous  products  are  discharged  into  extensive  vaults,  where  currents  of  water 
condense  them  and  carry  them  off"  into  the  river.  The  surrounding  vegetation  is  thereby 
saved  in  some  measure  from  being  burned  up,  an  accident  which  was  previously  sure  to 
liappen  when  fogs  precipitated  the  floating  gases  upon  the  ground.  At  Newcastle, 
Liverpool,  and  Marseilles,  where  the  consumption  of  muriatic  acid  bears  no  proportion 
to  the  manufacture  of  soda,  this  process  is  now  practised  upon  a  vast  scale. 

The  apparatus  for  condensing  muriatic  acid  gas  has  been  modified  and  changed,  of 
late  years,  in  many  different  ways. 

The  Bastringue  apparatus.  At  the  end  of  a  reverberatory  furnace,  (see  Copper, 
SMELTING  OF,  and  Soda,  manufacture  of,)  a  rectangular  lead  trough  or  pan,  about  1  foot 
deep,  of  a  width  equal  to  that  of  the  interior  of  the  furnace,  that  is,  about  5  feet  wide, 
and  6|  feet  long,  is  incased  in  masonry,  having  its  upper  edges  covered  with  cast-iron 
plates  or  fire  tiles,  and  placed  upon  a  level  with  the  passage  of  the  flame,  as  it  escapes 
from  the  reverberatory.  The  arch  which  covers  that  pan  forms  a  continuation  of  the 
roof  of  the  reverberatory,  and  is  of  the  same  height.  The  flame  which  proceeds  from 
the  furnace  containing  the  mixture  of  salt  and  sulphuric  acid  is  made  to  escape  between 
the  vault  and  the  surface  of  the  iron  plates  or  fire  tiles,  through  a  passage  only  4  inches 
in  height.  When  the  burned  air  and  vapors  reach  the  extremity  of  the  pan,  they  are 
reflected  downwards,  and  made  to  return  beneath  the  bottom  of  the  pan,  in  a  flue,  which 
is  afterwards  divided  so  as  to  lead  the  smoke  into  two  lateral  flues,  which  terminate  in 
the  chimney.  The  pan  is  thus  surrounded  as  it  were  with  the  heat  and  flame  discharged 
from  the  reverberatory  furnace.  See  Evaporation.  A  door  is  opened  near  the  end  of 
the  pan,  for  introducing  the  charge  of  sea-salt,  amounting  to  12  bags  of  2  cwts.  each,  or 
24  cwts.  This  door  is  then  luted  on  as  tightly  as  possible,  and  for  every  100  parts  of  salt, 
110  of  sulphuric  acid  are  poured  in,  of  specific  gravity  1-594,  containing  57  per  cent,  of 
dry  acid.  This  acid  is  introduced  through  a  funnel  inserted  in  the  roof  of  the  furnace. 
Decomposition  ensues,  muriatic  acid  gas  mingled  with  steam  is  disengaged,  and  is  con- 
ducted through  4  stone-ware  tubes  into  the  refrigerators,  where  it  is  finally  condensed. 
These  refrigerators  consist  of  large  stone-ware  carboys,  called  dame-jeans  in  France,  to 
the  number  of  7  or  8  for  each  pipe,  and  arranged  so  that  the  neck  of  the  one  communi- 
cates with  the  body  of  the  other ;  thus  the  gas  must  traverse  the  whole  series,  and  gets 
in  a  good  measure  condensed  by  the  water  in  them,  before  reaching  the  last. 

When  the  operation  is  finished,  the  door  opposite  the  pan  is  opened,  and  the  residuum 
in  it  is  discharged,  in  the  form  of  a  fluid  magma,  upon  a  square  bed  of  bricks,  exterior 
to  the  furnace.  This  paste  speedily  concretes  on  cooling,  and  is  then  broken  into  frag- 
ments and  carried  to  the  soda  manufactory.  The  immense  quantity  of  gas  exhaled  in 
discharging  the  pan,  renders  this  part  of  the  operation  very  painful  to  the  workmen ; 
and  wasteful  in  reference  to  the  production  of  muriatic  acid.  The  difficulty  of  luting 
securely  the  cast-iron  plates  or  fire  tiles  which  cover  the  pan,  the  impossibility  of  com- 
pleting the  decomposition  of  the  salt,  since  the  residuum  must  be  run  olf  in  a  liquid 
state,  finally,  the  damage  sustained  by  the  melting  and  corrosion  of  the  lead,  &c.,  are 
among  the  causes  why  no  more  than  80  or  90  parts  of  muriatic  acid  at  M70  are  collected, 
equivalent  to  25  per  cent,  of  real  acid  for  every  100  of  salt  employed,  instead  of  much 
more  than  double  that  quantity,  which  it  may  be  made  to  yield  by  a  well-conducted 
chemical  process. 

The  cylinder  apparatus  is  now  much  esteemed  by  many  manufacturers.      Fig.  747 
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represents,  in  transverse  section,  a  bench  of  iron  cylinder  retorts,  as  built  up  in  a  proper 
furnace  for  producing  muriatic  acid ;  and  Jig.  748  a  longitudinal  section  of  one  retort 
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with  one  of  its  carboys  of  condensation.      a.  is  the  grate ;  h,  a  fireplace,  in  which  two 
iron  cylinders,  c  c,  are  set  alongside  of  each  other.      They  are  b\  feet  long,  20  inches  in 

cKameter,  about   \   of  an   inch 
743  thick,   and   take    1"6   cwts.   of 

salt  for  a  charge  :  i  is  the  ash- 
pit ;  e,  p,  are  cast-iron  lids,  for 
closing  both  ends  of  the  cylin- 
ders; /  is  a  tube  in  the  pos- 
terior lid,  for  pouring  in  the 
sulphuric  acid ;  g  is  another 
tube,  in  the  anterior  lid,  for 
the  insertion  of  the  bent  pipe 
of  hard  glazed  stone-ware  h ; 
t  is  a  three-necked  stone-ware 
carboy ;  /c  is  a  tube  of  safety ; 

a        I /  y«j  I — j^' -]     /,  a  tube  of  communication  with 

T        t"-- <i— --^  w  tzrf  J     the  second  carboy;  m  m,  m  m, 

r~~  d  jf/,  \     /     ^'"c   the    flues    leading    to    the 

1 L_^ —      — .^-J — . Li_    — /       chimney  n. 

After  the  salt  has  been  introduced,  and  the  fire  kindled,  83|  per  cent,  of  its 
weight  of  sulphuric  acid,  of  spec.  giav.  1-80,  should  be  slowly  poured  into  the  cylinder 
through  a  lead  funnel,  with  a  syphon-formeJ  pipe.  The  three  necked  carboys  may  be 
either  placed  in  a  series  for  each  retort,  like  a  range  of  Woulfe's  bottles,  or  all  the  carboys 
of  the  front  ran^e  may  be  placed  in  communication  with  one  another,  while  the  last  car- 
boy at  one  end  is  joined  to  the  first  of  the  second  range ;  and  thus  in  succession.  They 
must  be  half  filled  with  cold  water ;  and  when  convenient,  those  of  the  front  row  at 
least,  should  be  plunged  in  an  oblong  trough  of  running  water.  The  acid  which  con- 
denses in  the  carboys  of  that  row  is  apt  to  b*  somewhat  contaminated  with  sulphuric 
acid,  muriate  of  iron,  or  even  sulphate  of  soda ;  but  that  in  the  second  and  third  will  be 
found  to  be  pure.  In  this  way  100  parts  of  sea-salt  will  yield  130  parts  of  muriatic  acid, 
ot  spec.  grav.  1-19  ;  while  the  sulphate  of  soda  in  the  retort  will  aflford  from  208  to  210 
of  that  salt  in  crystals. 

It  is  proper  to  heat  all  the  parts  of  the  cylinders  equably,  to  ensure  the  simultaneous 
decomposition  of  the  salt,  and  to  protect  it  from  the  acid  ;  for  the  hotter  the  iron,  and  the 
stronger  the  acid,  the  less  erosion  ensues. 

Some  manufacturers,  with  the  view  of  saving  fuel  by  the  construction  of  their  furnaces, 
oppose  to  the  flame  as  many  obstacles  as  they  can,  and  make  it  perform  numerous  circula- 
tions round  the  cylinders;  but  this  system  is  bad,  and  does  not  even  efl'ect  the  desired 
economy,  because  the  passages,  being  narrow,  impair  the  draught,  and  become  speedily 
choked  up  wilh  the  soot,  which  would  be  burned  profitably  in  a  freer  space;  the  decom- 
position also,  being  unequally  performed,  is  less  perfect,  and  the  cylinders  are  more  in- 
jured. It  is  better  to  make  tlie  flame  envelope  at  once  the  body  of  the  cylinder ;  after 
which  it  may  circulate  beneath  the  vault,  in  order  to  give  out  a  portion  of  its  caloric  be- 
fore it  escapes  at  the  chimney. 

The  fire  shoull  he  briskly  kindled,  but  lowered  as  soon  as  the  distillation  commences; 
and  then  continued  moderate  till  the  evolution  of  gas  diminishes,  when  it  must  be 
heated  somewhat  strongly  to  finish  the  decomposition.      The  iron  door  is  now  removed, 
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to  extract  the  sulphate  of  soda,  and  to  recommence  another  operation.     This  sulphate 
ought  to  be  white  and  uniform,  exhibiting  in  its  fracture  no  undecomposed  sea-salt. 

Liquid  muriatic  acid  has  a  very  sour  corrosive  taste,  a  pungent  suflbcating  smell,  and 
acts  very  powerfully  upon  a  vast  number  of  mineral,  vegetable,  and  animal  substances. 
It  is  much  employed  for  making  many  metallic  solutions;  and  in  combination  with  nitric 
acid,  it  forms  the  aqua  regia  of  the  alchemists,  so  called  from  its  property  of  dissolving 
gold. 

Table  of  Muriatic  Acid,  by  Dr.  Ure. 


Acid 
of  120 

Specific 

Chlo- 

Muriatic 

Acid 
of  120 

Specific 

Chlo- 

Muriatie 

Acid 
of  120 

Specific 

Chlo- 

Muriatic 

in  100 

gravity. 

rine. 

Gas. 

in  100 

gravity. 

rine. 

Gas. 

in  100 

gi  avity. 

rine. 

Gas. 

100 

1-2000 

39-675 

40-777 

66 

1-1328 

26-186 

26-913 

32 

10637 

12-697 

13-049 

99 

1-1982 

39-278 

40-369 

65 

1-1308 

25-789 

26-505 

31 

1-0617 

12-300 

12-641 

98 

1-1964 

38-882 

39-961 

64 

1-1287 

25-392 

26-098 

30 

1-0597 

11 -903 

12-233 

97 

1-1946 

38-485 

39-554 

63 

1-1267 

24-996 

25-690 

29 

1-0577 

11-506 

11-825 

96 

1-1928 

38-089 

39-146 

62 

1-1247 

24-599 

25-282 

28 

1-0557 

11-109 

11-418 

95 

1-1910 

37-692 

38-738 

61 

1-1226 

24-202 

24-874 

27 

1-0537 

10-712 

11-010 

94 

1-1893 

37-296 

38-330 

60 

1-1206 

23-805 

24-466 

26 

1-0517 

10-316 

10-602 

93 

1-1875 

36-900 

37-923 

59 

1-1185 

23-408 

24-058 

25 

1-0497 

9-919 

10-194 

92 

1-1857 

36-503 

37-516 

58 

1-1164 

23-012 

23-050 

24 

1-0477 

9-522 

9-786 

91 

1-1846 

36-107 

37-108 

57  11-1143 

22-615 

23-242 

23 

1-0457 

9-126 

9-379 

90 

1-1822 

35-707 

36-700 

56 

1-1123 

22-218 

22-834 

22 

1-0437 

8-729 

8-971 

89 

1-1802 

35-310 

36-292 

55 

1-1102 

21-822 

22-426 

21 

1-0417 

8-332 

8-563 

88 

1-1782 

34-913 

35-884 

54 

1-1082 

21-425 

22-019 

20 

1-0397 

7-935 

8-155 

87 

1-1762 

34-517 

35-476 

53 

1-1061 

21-028 

21-611 

19 

1-0377 

7-538 

7-747 

86 

1-1741 

34-121 

35-068 

52 

1-1041 

20-632 

21-203 

18 

1-0357 

7-141 

7-340 

85 

1-1721 

33-724 

34-660 

51 

1-1020 

20-235 

20-796 

17 

1-0337 

6-745 

6-932 

84 

1-1701 

33-328 

34-252 

50 

1-1000 

19-837 

20-388 

16 

1-0318 

6-348 

6-524 

83 

1-1681 

32-931 

33-845 

49 

1-0980 

19-440 

19-980 

15 

1-0298 

5-951 

6-116 

82 

1-1661 

32-535 

33-437 

48 

1-0960 

19-044 

19-572 

14 

1-0279 

5-554 

5-709 

81 

1-1641 

32-136 

33-029 

47 

1-0939 

18-647 

19-165 

13 

1-0259 

5-158 

5-301 

80 

1-1620 

31-746 

32-621 

46 

1-0919 

18-250 

18-757 

12 

1-0239 

4-762 

4-893 

79 

M599 

31-343 

32-213 

45 

1-0899 

17-854 

18-349 

11 

1-0220 

4-365 

4-486 

78 

1-1578 

30-946 

31-805 

44 

1-0879 

17-457 

17-941 

10 

1-0200 

3-968 

4-078 

77 

1-1557 

30-550 

31-398 

43 

1-0859 

17-060 

17-534 

9 

1-0180 

3-571 

3-670 

76 

1-1536 

30-153 

30-990 

42 

1.0838 

16-664 

17-126 

8 

1-0160 

3-174 

3-262 

75 

1-1515 

29-757 

30-582 

41 

1-0818 

16-267 

16-718 

7 

1  OHO 

2-778 

2-854 

74 

1-1494 

29-361 

30-174 

40 

1-0798 

15-870 

16-310 

6 

1-0120 

2-381 

2-447 

73 

1-1473 

28-964 

29-767 

39 

1-0778 

15-474 

15-902 

5 

1-0100 

1-9&4 

2-039 

72 

1-1452 

28-567 

29-359 

38 

1-0758 

15-077 

15-494 

4 

1-0080 

1-588 

1-631 

71 

11431 

28-171 

28-951 

37 

1-0738 

14-680 

15-087 

3 

1-0060 

1-191 

1-224 

70 

1-1410 

27-772 

28-544 

36 

1-0718 

14-284 

14-679 

2 

1-0040 

0-795 

0-816 

69 

1-1389  27-376 

28-136 

35 

1-0697 

13-887 

14-271 

1 

1-0020 

0-397 

0-408 

68 

1-1369  26-979 

27-728 

34 

1-0677 

13-490 

13-863 

67 

M349  126-583 

27-321  33  1 
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MURIATES  were,  till  the  great  chemical  era  of  Sir  H.  Davy's  researches  upon  chlo- 
rine, considered  to  be  compounds  of  an  undecompounded  acid,  the  muriatic,  with  the 
different  bases;  but  he  proved  them  to  be  in  reality  compounds  cf  chlorine  wilh  the 
metals.  They  are  all,  however,  still  known  in  commerce  by  their  former  appellation. 
The  only  muriates  much  used  in  the  manufactures  are.  Muriate  of  ammonia,  or  Sai, 
Ammoniac  ;  muriated  peroxyde  of  mercury,  Mkhcury,  bichloride  of;  muriate  of  soda,  or 
chloride  of  sodium,  see  Salt;  muriate  of  tin,  see  Calico-printing  and  Tin. 

MUSK  {Muse,  Fr. ;  Moschus,  Germ.)  is  a  peculiar  aromatic  substance,  found  in  a  sac 
between  the  navel  and  the  parts  of  generation  of  a  small  male  quadruped  of  the  deer 
kind,  called  by  Linnaeus,  Moschus  moschiferus,  which  inhabits  Tonquin  and  Thibet. 
The  color  of  musk  is  blacldsh-brown  ;  it  is  lumpy  or  granular,  somewhat  like  dried  blood, 
with  which  substance,  indeed,  it  is  often  adulterated.  The  intensity  of  its  smell  is  almost 
the  only  criterion  of  its  sienuineness.  When  thoroughly  dried  it  becomes  nearly  scent- 
less ;  but  it  recovers  its  odor  when  slishtly  moistened  with  water  of  ammonia.  The  Ton- 
quin musk  is  most  esteemed.  It  comes  to  us  in  small  bags  covered  with  a  reddish-brown 
hair;  the  bag  of  the  Thibet  musk  is  covered  with  a  silver-cray  hair.  All  the  analyses 
of  musk  hitherto  made  teach  little  or  nnthine  concerning  its  active  or  essential  constitu- 
ent.    It  is  used  in  medicines,  and  is  an  ingredient  in  a  great  many  perfumes. 
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MITSLIN  is  a  fine  cotton  fabric,  used  for  ladies'  robes ;  which  is  worn  either  white, 
dyed,  or  printed. 

MUST  is  the  sweet  juice  of  the  grape. 

MUSTARD  {Moutarde,  Fr. ;  Senf,  Germ.)  is  a  plant  which  yields  the  well-known 
seed  used  as  a  condiment  to  food.  M.  Lenormand  gives  the  following  prescription  for 
preparing  mustard  for  the  table. 

With  2  pounds  of  very  fine  flour  of  mustard,  mix  half  an  ounce  of  each  of  the  follow- 
ing fresh  plants ;  parsley,  chervil,  celery,  and  tarragon,  along  with  a  clove  of  garlic,  and 
twelve  salt  anchovies,  all  well  minced.  The  whole  is  to  be  triturated  with  the  flour  of 
mustard  till  the  mixture  becomes  uniform.  A  little  grape-must  or  sugar  is  to  be  added, 
to  give  the  requisite  sweetness ;  then  one  ounce  of  salt,  with  sufficient  water  to  form  a 
thinnish  paste  by  rubbing  in  a  mortar.  With  this  paste  the  mustard  pots  being  nearly 
filled,  a  redhot  poker  is  to  be  thrust  down  into  the  contents  of  each,  which  removes  (it 
is  said)  some  of  the  acrimony  of  the  mustard,  and  evaporates  a  little  water,  so  as  to  make 
room  for  pourins  a  little  vinegar  upon  the  surface  of  the  paste.  Such  table  mustard  not 
only  keeps  perfectly  well,  but  improves  with  age. 

The  mode  of  preparing  table  mustard  patented  by  M.  Soyes,  consisted  in  steeping 
mustard  seed  in  twice  its  bulk  of  weak  wood  vinegar  for  eight  days,  then  grinding  the 
whole  into  paste  in  a  miU,  putting  it  into  pots,  and  thrusting  a  redhot  poker  into 
each  of  them. 

MUTAGE  is  a  process  used  in  the  south  of  France  to  arrest  the  progress  of  fermenta- 
tion in  the  must  of  the  grape.  It  consists  either  in  diflfusing  sulphurous  acid,  from  burn- 
ing sulphur  matches  in  the  cask  containing  the  must,  or  in  adding  a  little  sulphite  (not 
sulphate)  of  lime  to  it.     The  last  is  the  best  process.     See  Fkrmentation. 

MYRICINE  is  a  vegetable  principle  which  constitutes  from  20  to  30  per  cent,  of 
the  weight  of  bees-wax,  being  the  residuum  from  the  solvent  action  of  alcohol  upon  that 
substance.  It  is  a  grayish-white  solid,  which  may  be  vaporized  almost  without  alter- 
ation. 

MYRRH  is  a  gum-resin,  which  occurs  in  tears  of  diflferent  sizes ;  they  are  reddish- 
brown,  semi-transparent,  brittle,  of  a  shining  fracture,  appear  as  if  greasy  under  the 
pestle,  they  have  a  very  acrid  and  bitter  taste,  and  a  strong,  not  disagreeable,  smell. 
Myrrh  flows  from  the  incisions  of  a  tree  not  well  known,  which  grows  in  Arabia  and 
Abyssinia,  supposed  to  be  a  species  oi  amyris  or  mimosa.  It  consists  of  resin  and  gum  in 
proportions  stated  by  Pelletier  at  31  of  the  former  and  66  of  the  latter ;  but  by  Braconot, 
at  23  and  77.     It  is  used  only  in  medicine. 


N. 

NACARAT  is  a  term  derived  from  the  Spanish  word  nacar,  which  signifies  mothei  of 
pearl ;  and  is  applied  to  a  pale  red  color,  with  an  orange  cast.  See  Calico-printing. 
The  iiacarai  of  i'ortugal  or  Bezetta  is  a  crape  or  fine  linen  fabric,  dyed  fugitively  of  the 
above  tint,  which  ladies  rub  upon  their  countenances  to  give  them  a  roseate  hue.  The 
Turks  of  Constantinople  manufacture  the  brightest  red  crapes  of  this  kind.     See  Rouge. 

NAILS,  MANUFACTURE  OF.     (Clou,  Fr. ;  Nagel,  Germ.) 

The  forging  of  nails  was  till  of  late  years  a  handicraA  operation,  and  therefore  belonged 
to  a  book  of  trades,  rather  than  to  a  dictionary  of  arts.  But  sevei  al  combinations  of 
machinery  have  been  recently  employed,  under  the  protection  of  patents,  for  making  these 
useful  implements,  with  little  or  no  aid  of  the  human  hand ;  and  these  deserve  to  be 
noticed,  ou  account  both  of  their  ingenuity  and  importance. 

As  nails  are  objects  of  prodigious  consumption  in  building  their  block-houses,  the 
citizens  of  the  United  States  very  early  turned  their  mechanical  genius  to  good  account  in 
the  construction  of  various  machines  for  making  them.  So  long  since  as  the  year  1810,  it 
appears,  from  the  report  of  the  secretary  of  their  treasury,  that  they  possessed  a  machine 
which  performed  the  cutting  and  heading  at  one  operation,  with  such  rapidity  that  it 
could  turn  outufjwards  of  100  nails  per  minute.  "Twenty  years  ago,"  says  the  secretary 
of  the  slate  of  Massachusetts,  in  that  report,  "  some  men,  then  unknown,  and  then  in 
obscurity,  began  by  cutting  slices  out  of  old  hoops,  and,  by  a  common  vice  griping  these 
pieces,  headed  them  with  several  strokes  of  the  hammer.  By  progressive  improvements, 
slittins-mills  were  built,  and  the  shears  and  the  heading  tools  Avere  perfected ;  yet  much 
labor  and  expense  were  requisite  to  make  nails.  In  a  little  time  Jacob  Perkins,  Jona- 
than Ellis,  and  a  few  others,  put  into  execution  the  thought  of  cutting  and  of  headins;  nails 
by  water  power ;  but,  beins  more  intent  upon  their  machinery  than  upon  their  pecuniary 
affairs,  they  were  unable  to  prosecute  the  business.  At  difi'erent  times  other  men  have 
spent  fortunes  in  improvements  and  it  may  be  said  with  truth  that  more  than  one  mil- 
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lion  of  dollars  has  been  expended  ;  but  at  length  these  joint  efforts  are  crowned  with  com- 
plete success,  and  we  are  now  able  to  manufacture,  at  about  one  third  of  the  expense 
that  wrought  nails  can  be  manufactured  for,  nails  which  are  superior  to  them  for  at  least 
three  fourths  of  the  purposes  to  which  nails  are  applied,  and  for  most  of  those  purposes 
they  are  full  as  good.  The  machines  made  use  of  by  Odiorne,  those  invented  by  Jonathan 
Ellis,  and  a  few  others,  present  very  fine  specimens  of  American  genius. 

"To  northern  carpenters,  it  is  well  known  that  in  almost  all  instances  it  is  unneces- 
sary to  bore  a  hole  before  driving  a  cut  nail ;  all  that  is  requisite  is,  to  place  the  cutting 
edge  of  the  nail  across  tlie  grain  of  the  wood ;  it  is  also  true,  that  cut  nails  will  hold  bet- 
ter in  the  wood.  These  qualities  are,  in  some  rough  building  works,  worth  twenty  per 
cent,  of  the  value  of  the  article,  which  is  equal  to  the  whole  expense  of  manufacturing. 
For  sheathing  and  drawing,  cut  nails  are  full  as  good  as  wrought  nails;  only  in  one 
respect  are  the  best  wrought  nails  a  little  superior  to  cut  nails,  and  that  is  where  it  is  ne- 
cessary they  should  be  clinched.  The  manufacture  of  cut  nails  was  born  in  our  country, 
and  has  advanced,  within  its  bosom,  through  all  the  various  stages  of  infancy  to  manhood; 
and  no  doubt  we  shall  soon  be  able,  by  receiving  proper  encouragement,  to  render  them 
superior  to  wrought  nails  in  every  particular. 

"The  principal  business  of  rolling  and  slitting-mills,  is  rolling  nail  plates  ;  they  also 
serve  to  make  nail  rods,  hoops,  tires,  sheet  iron,  and  sheet  copper.  In  this  State  we 
have  not  less  than  twelve. 

"  These  mills  could  roll  and  slit  7000  tons  of  iron  a  year ;  they  now,  it  is  presumed, 
roil  and  slit  each  year  about  3500  tons,  2400  tons  of  which,  probably,  are  cut  up  into 
nails  and  brads,  of  such  a  quality  that  they  are  good  substitutes  for  hammered  nails,  and, 
in  fact,  have  the  preference  willi  most  people,  for  the  following  reasons ;  viz.,  on  account 
of  the  sharp  corner  and  true  taper  with  which  cut  nails  are  formed  ;  they  may  be  driven 
into  harder  wood  without  bending  or  breaking,  or  hazard  of  splitting  the  wood,  by  which 
the  labor  of  boring  is  saved,  the  nail  one  way  being  of  the  same  breadth  or  thickness  from 
head  to  point." 

Since  the  year  1820,  the  following  patents  have  been  obtained  in  England  for  making 
nails  ;  many  of  them  of  American  origin  : — 

jllexander  Lata,  September,  1821,  for  nails  and  bolts  for  ships'  fastenings,  made  in  a 
twisted  form,  by  hand  labor. 

Glascott  and  Mitchell,  December,  1823,  for  ship  nails  with  rounded  heads,  by  hand 
labor. 

Wilks  and.  Ecroyd,  November,  1825,  for  an  engine  for  cutting  wedge-form  pieces  from 
plates. 

Ledsom  and  Jmies,  December  11,  1827,  for  machinery  for  cutting  brads  and  sprigs  from 
plates  ;  it  does  not  form  heads. 

The  first  nail  apparatus  to  which  I  shall  particularly  advert,  is  due  to  Dr.  Church ;  it 
was  patented  in  his  absence  by  his  correspondent,  Mr.  Thomas  Tyndall,  of  Birmingham, 
in  December,  1827.  It  consists  of  two  parts ;  the  first  is  a  mode  of  forming  nails,  and 
the  shafts  of  screws,  by  pinching  or  pressing  ignited  rods  of  iron  between  indented  rol- 
lers ;  the  second  produces  the  threads  on  the  shafts  of  the  screws  previously  pressed. 
The  metallic  rods,  by  being  passed  between  a  pair  of  rollers,  are  rudely  shaped,  and  then 
cut  asunder  between  a  pair  of  shears  ;  after  which  they  are  pointed  and  headed,  or  other- 
wise brought  to  their  finished  forms,  by  the  agency  of  dies  placed  in  a  revolving  cylinder. 
The  several  parts  of  the  mechanism  are  worked  by  toothed  wheels,  cams,  and  levers. 
The  second  part  of  Dr.  Church's  invention  consists  of  a  mechanism  for  cutting  the  threads 
of  screws  to  any  degree  of  obliquity  or  fonn.* 

Mr.  L.  W.  Wright's  (American)  apparatus  should  have  been  mentioned  before  the  pre- 
ceding, as  the  patent  for  it  was  sealed  in  March  of  the  same  year  ;  though  an  amended 
patent  was  obtained  in  September,  1828.  Its  object  was  to  form  metal  screws  for  wood. 
I  have  seen  the  machinery,  but  consider  it  much  too  complex  to  be  described  in  the 
present  work. 

Mr.  Edward  Hancorne,  of  Skinner  street,  London,  nail  manufacturer,  obtained  a 
patent  in  October,  1828,  for  a  nail  making-machine,  of  which  a  brief  description  may 
give  my  readers  a  conception  of  this  kind  of  manufacture.  Its  principles  are  similar  to 
tkose  of  Dr.  Church's  more  eleborate  apparatus. 

The  rods  or  bars  having  been  prepared  in  the  usual  way,  either  by  rolling  or  hammer- 
ing, or  by  cutting  from  sheets  or  plates  of  iron,  called  slitting,  are  then  to  be  made  red- 
hot,  and  in  that  state  passed  through  the  following  machine,  whereby  they  are  at  once  cut 
into  suitable  lengths,  pressed  into  wedge  forms  for  pointing  at  the  one  end,  and  stamped 
at  the  other  end  to  produce  the  head.  A  longitudinal  view  of  the  machine  is  shown  in 
dg.  749.  A  strong  iron  frame-work,  of  which  one  side  is  shown  at  a  a,  supports  the 
whole  of  the  mechanism.     6  is  a  table  capable  of  sliding  to  and  fro  hoiizon tally.     Upon 

*  For  further  details,  see  Newton's  Journal,  2d  series,  vol  iii.  p.  184. 
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this  table  are  the  clamps,  which  lay  hold  of  the  sides  of  the  rod  as  it  advances :  as  also 
the  shears  which  cut  the  rod  into  nail  lengths. 


These  clamps  or  holder?  consist  of  a  fixed  piece  and  a  moveable  piece ;  the  latter  being 
brouarht  into  action  by  a  lever.  The  rod  or  bar  of  iron  shown  at  c,  having  been  made 
redhot,  is  introduced  into  the  machine  by  sliding  it  forward  upon  the  table  b,  when  the 
table  is  in  its  most  advanced  position ;  rotatory  motion  is  then  given  to  the  crank  shaft  d, 
by  means  of  a  band  passing  round  the  risger  pulley  e,  which  causes  the  table  b  to  be 
drawn  back  by  the  crank  rod  /;  and  as  the  table  recedes,  the  horizontal  lever  is  acted 
upon,  which  closes  the  clamps.  By  these  means  the  clamps  take  fast  hold  of  the  sides  of 
the  heated  rod,  and  draw  it  forward,  when  the  moveable  chap  of  the  shears,  also  acted 
upon  by  a  lever,  slides  laterally,  and  cuts  off  the  end  of  the  rod  held  by  the  clamps :  the 
piece  thus  separated  is  destined  to  form  one  nail. 

Suppose  that  the  nail  placed  at  g,  having  been  thus  brought  into  the  machine  and  cut 
off,  is  held  between  clamps,  which  press  it  sideways  (these  clamps  are  not  visible  in  this 
view) ;  in  this  state  it  is  ready  to  be  headed  and  pointed. 

The  header  is  a  steel  die  h,  which  is  to  be  pressed  up  against  the  end  of  the  nail  by  a 
cam  i,  upon  the  crank-shaft ;  which  cam,  at  this  period  of  the  operation,  acts  against  the 
end  of  a  rod  A^,  forming  a  continuation  of  the  die  h,  and  forces  up  the  die,  thus  compress- 
ing the  metal  into  the  shape  of  a  nail-head. 

The  poiniivg  is  performed  by  two  rolling  snail  pieces  or  spirals  /,  /.  These  pieces  are 
somewhat  broader  than  the  breadth  of  the  nail ;  they  turn  upon  axles  in  the  side  frames. 
As  the  table  b  advances,  the  racks  m,  on  the  edge  of  this  table,  take  into  the  toothed 
segments  w,  n,  upon  the  axles  of  the  spirals,  and  cause  them  to  turn  round. 

These  spirals  pinch  the  nail  at  first  close  under  its  head  with  very  little  force  ;  but  as 
they  turn  round,  the  longer  radius  of  the  spiral  comes  into  operation  upon  the  nail,  so  as 
to  press  its  substance  very  strongly,  and  squeeze  it  into  a  wedge  form.  Thus  the  nail 
is  completed,  and  is  immediately  discharged  from  the  clamps  or  holders.  The  carriage  is 
then  again  put  in  motion  by  the  rotation  of  the  crank-shaft,  which  brings  another  portion 
of  the  rod  c  forward,  cuts  it  ofl^,  and  then  forms  it  into  a  nail. 

Richard  Proxser,  July,  1831,  for  making  tacks  for  ornamental  furniture,  by  soldering  or 
wedging  the  spike  into  the  head.     This  also  is  the  invention  of  Dr.  Church. 

Dr.  William  ChxLrch,  February,  1832,  for  improvements  in  machinery  for  making 
nails.  These  consist,  first,  in  apparatus  for  forming  rods,  bars,  or  plates  of  iron,  or  other 
metals ;  secondly,  in  apparatus  for  converting  the  rods,  &c.,  into  nails ;  thirdly,  in  im- 
provements upon  Prosser's  patent.  The  machinery  consists  in  laminating  rollers,  and 
compressing  dies. 

The  method  of  forming  the  rods  from  which  the  nails  are  to  be  made,  is  very  advanta- 
geous. It  consists  in  passing  the  bar  or  plate  iron  through  pressing  rollers,  which  have 
indentations  upon  the  peripheries  of  one  or  both  of  them,  so  as  to  form  the  bar  or  plate 
into  the  required  shape  for  the  rods,  which  may  be  afterwards  sepaiated  into  rods  of  any 
desired  breadth,  by  common  slitting  rollers. 

The  principal  object  of  rolling  the  rods  into  these  wedge  forms,  is  to  measure  out  a 
quantity  of  metal  duly  proportioned  to  the  required  thickness  or  strength  of  the  nail  in  its 
several  parts ;  which  quantity  corresponds  to  the  indentations  of  the  rollers. 

Thomas  John  Fuller,  February  27,  1834,  for  an  improved  apparatus  for  making  square- 
pointed,  and  also  flat-pointed  nails.  He  claims  as  his  invention,  the  application  of  ver- 
tical and  horizontal  hammers  (mounted  in  his  machine)  combined  for  the  purpose  of 
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tapering  and  forming  the  points  of  the  nails  ;  which,  being  made  to  act  alternately,  re- 
semble hand  work,  and  are  therefore  not  so  apt  to  injure  the  fibrous  texture  of  the  iron, 
he  imagines,  as  the  rolling  machinery  is.     He  finishes  the  points  by  rollers. 

Miles  Berry,  February  19,  1834,  lor  machinery  for  forming  metal  into  bolts,  rivets, 
nails,  and  other  articles  ;  being  a  communication  from  a  foreigner  residing  abroad.  He 
employs  in  his  machine  holding  chaps,  heading  dies,  toggle  joints,  cams,  &c.,  mechan- 
isms apparently  skilfully  contrived,  but  too  complex  for  admission  under  the  article  nail 
m  this  volume. 

William  Southwood  Stacker,  July,  1836.  This  is  a  machine  apparently  of  American 
parentage,  as  it  has  the  same  set  of  features  as  the  old  American  meclianisms  of  Perkins 
and  Dyer,  at  the  Britannia  Nail-works,  Birmingham,  and  all  the  other  American  machines 
since  described,  for  pressing  metal  into  the  forms  of  nails,  pins,  screw-shafts,  rivets,  &c. ; 
for  example,  it  possesses  pressers  or  hammers  for  squeezing  the  rods  of  metal,  and  form- 
ing the  shanks,  which  are  all  worked  by  a  rotatory  action  ;  cutters  for  separating  the  ap- 
propriate lengths,  and  dies  for  forming  the  heads  by  compression,  also  actuated  by  revolv- 
ing cams  or  cranks. 

Mr.  Stocker  intends,  in  fact,  to  effect  the  same  sorts  of  operations  by  automatic  me- 
chanisms as  are  usually  performed  by  the  hands  of  a  nail-maker  with  his  hammer  and  anvil ; 
viz.,  the  shaping  of  a  nail  from  a  heated  rod  of  iron,  cutting  it  off  at  the  proper  length,  and 
then  compressing  the  end  of  the  metal  into  the  form  of  the  head.  His  machine  may  be 
said  to  consist  of  two  parts,  connected  in  the  same  frame ;  the  one  for  shaping  the  shank 
of  the  nail,  the  other  for  cutting  it  off  and  heading  it.  The  frame  consists  of  a  strong 
table  to  bear  the  machinery.  Two  pairs  of  hammers,  formed  as  levers,  the  one  pair 
made  to  approach  each  other  by  horizontal  movements,  the  other  pair  by  vertical  move- 
ments, are  the  implements  by  which  a  portion  at  the  end  of  a  redhot  rod  of  iron  is 
beaten  or  pressed  into  the  wedge-like  shape  of  the  shaft  of  a  nail.  This  having  been 
done,  and  the  rod  being  still  hot,  is  withdrawn  from  the  beaters,  and  placed  in  the  other 
part  of  the  machine,  consisting  of  a  pair  of  jaws  like  those  of  a  vice,  which  pinch  the 
shank  of  the  nail  and  hold  it  fast.  A  cutter  upon  the  side  of  a  wheel  now  comes  round, 
and,  by  acting  as  the  moving  chap  of  a  pair  of  shears,  cuts  the  nail  off  from  the  rod. 
The  nail  shank  being  still  firmly  held  in  the  jaws  of  the  vice,  with  a  portion  of  its  end 
projecting  outwardly,  the  heading  die  is  slidden  laterally  until  it  comes  opposite  to  the 
end  of  the  nail ;  the  die  is  then  projected  forward  with  great  force,  for  the  purpose  of 
what  is  termed  upsetting  the  metal  at  the  projecting  end  of  the  nail,  and  thereby  blocking 
out  the  head. 

A  main  shaft,  driven  by  a  band  and  rigger  as  usual,  brings,  as  it  revolves,  a  cam  into 
operation  upon  a  lever  which  carries  a  double  inclined  plane  or  wedge  in  its  front  or  acting 
part.  This  wedge  beins  by  the  rotatory  cam  projected  forwards  between  the  tails  of 
one  of  the  pairs  of  hammers,  causes  the  faces  of  these  hammers  to  approach  each  other, 
and  to  beat  or  press  the  redhot  iron  introduced  between  them,  so  as  to  flatten  it  upon 
two  opposite  sides.  The  rotatory  cam  passing  round,  the  wedge  lever  is  relieved,  when 
springs  instantly  throw  back  the  hammers ;  another  cam  and  wedge-lever  now  brings 
the  second  pair  of  hammers  to  act  upon  the  other  two  sides  of  the  nail  in  a  similar  way. 
This  is  repeated  several  times,  until  the  end  of  the  redhot  iron  rod,  gradually  advanced  by 
the  hands  of  the  workman,  has  assumed  the  desired  form,  that  is,  has  received  the  bevel 
and  point  of  the  intended  nail. 

The  lod  is  then  withdrawn  from  between  the  hammers,  and  in  its  heated  state  is  in- 
troduced between  the  jaws  of  the  holders,  for  cutting  off  and  finishing  the  nail.  A  bevel 
pinion  upon  the  end  of  the  main  shaft,  takes  into  and  drives  a  wheel  upon  a  transverse 
shaft,  which  carries  a  cam  that  works  the  lever  of  the  holding  jaws.  The  end  of  the 
rod  being  so  held  in  the  jaws  or  vice,  a  cutter  at  the  side  of  a  wheel  upon  the  transverse 
shaft  separates,  as  it  revolves,  the  nail  from  the  end  of  the  rod,  leaving  the  nail  firmly 
held  by  the  jaws.  By  means  of  a  cam,  the  heading  die  is  now  slidden  laterally  opposite 
to  the  end  of  the  nail  in  the  holding  jaws,  and  by  another  cam,  upon  the  main  shaft,  the  die 
is  forced  forward,  which  compresses  the  end  of  the  nail,  and  spreads  out  the  nail  into  the 
form  of  a  head.  As  the  main  shaft  continues  to  revolve,  the  cams  pass  away,  and  allow 
the  spring  to  throw  the  jaws  of  the  vice  open,  when  the  nails  fall  out;  but  to  guard 
against  the  chance  of  a  nail  sticking  in  the  jaws,  a  picker  is  provided,  which  pushes  the 
nail  out  as  soon  as  it  is  finished. 

In  order  to  pi'oduce  round  shafts,  as  for  screw  blanks,  bolts,  or  rivets,  the  faces  of  the 
hammers,  and  the  dies  for  heading,  must  be  made  with  suitable  concavities. 

In  1835,  5,180,  and  in  1836,  5,580  tons  of  iron  nails  were  exported  from  the  United 
Kingdom. 

NANKIN  is  a  peculiarly  colored  cotton  cloth,  originally  manufactured  in  the  above 
named  ancient  capital  of  China,  from  a  native  cotton  of  a  brown  yel'ow  hue.  Nankin 
cloth  has  been  long  imitated  in  perfection  by  our  own  manufacturers ;  and  is  now  ex- 
ported in  considerable  quantities  fVom  England  to  Canton.  The  following  is  the  process 
for  dyeing  calico  a  nankin  color. 


884  NANKIN. 

1.  Take  300  pounds  of  cotton  yarn  in  hanks,  being;  the  quantity  which  four  workmen 
can  dye  in  a  day.  The  yarn  for  the  warp  may  be  about  No.  27's,  and  that  for  the  weft 
23's  or  24's. 

2.  For  aluming  that  quantity,  take  10  pounds  of  saturated  alum,  free  from  iron  (see 
Mordant)  ;  divide  this  into  two  portions ;  dissolve  the  first  by  itself  in  hot  water,  so  as 
to  form  a  solution  of  spec.  grav.  1°  Baume.  The  second  portion  is  to  be  reserved  for  the 
galling  bath. 

3.  Gallmg  is  given  with  about  80  pounds  of  oak  bark  finely  ground.  This  bark  may 
serve  for  two  quantities,  if  it  be  applied  a  little  longer  the  second  time. 

4.  Take  30  pounds  of  fresh  slaked  quicklime,  and  form  with  it  a  large  bath  of  lime- 
water. 

5.  Nitro-muriafe  of  tin.  For  the  last  bath,  10  or  12  pounds  of  solution  of  tin  are  used, 
which  is  prepared  as  follows : 

Take  10  pounds  of  strong  nitric  acid,  and  dilute  with  pure  water  till  its  specific  gravity 
be  26°  B.  Dissolve  in  it  4633  grains  (10^  oz.  avoird.)  of  sal  ammoniac,  and  3  oz.  of  nitre. 
Into  this  solvent,  contained  in  a  bottle  set  in  cold  water,  introduce  successively,  in  very 
small  portions,  28  ounces  of  grain-tin  granulated.  This  solution,  when  made,  must  be 
kept  in  a  well  stoppered  bottle. 

Three  coppers  are  required,  one  round,  about  five  feet  in  diameter,  and  32  inches  deep, 
for  scouring  the  cotton ;  2.  two  rectangular  coppers  tinned  inside,  each  5  feet  long  and  20 
inches  deep.  Two  boxes  or  cisterns  of  white  wood  are  to  be  provided,  the  one  for  the 
lime-water  bath,  and  the  other  for  the  solution  of  tin,  each  about  7  feet  long,  32  inches 
wide,  and  14  inches  deep ;  they  are  set  upon  a  platform  28  inches  high.  In  the  middle 
between  these  two  chests,  a  plank  is  fixed,  mounted  with  twenty-two  pegs  for  wringing 
the  hanks  upon,  as  they  are  taken  out  of  the  bath. 

6.  .-^/Mmirjg.  After  the  cotton  yarn  has  been  scoured  with  water,  in  the  round  copper, 
by  being  boiled  in  successive  portions  of  100  pounds,  it  must  be  winced  in  one  of  the 
square  tinned  coppers,  containing  two  pounds  of  alum  dissolved  in  96  gallons  of  water, 
at  a  temperature  of  165°  F.  It  is  to  be  then  drained  over  the  copper,  exposed  for  some 
time  upon  the  grass,  rinsed  in  clear  water,  and  wrung. 

7.  The  galling.  Having  filled  four-fif\hs  of  the  second  square  copper  with  water,  40 
pounds  of  ground  oak  bark  are  to  be  introduced,  tied  up  in  a  bag  of  open  canvass,  and 
boiled  for  two  hours.  The  bag  being  withdrawn,  the  cotton  yarn  is  to  be  winced  through 
the  boiling  tan  bath  for  a  quarter  of  an  hour.  While  the  yarn  is  set  to  drain  above  the 
bath,  28  ounces  of  alum  are  to  be  dissolved  in  it.  and  the  yarn  being  once  more  winced 
through  it  for  a  quarter  of  an  hour,  is  then  taken  out,  drained,  wrung,  and  exposed  to  the 
air.  It  has  now  acquired  a  deep  but  rather  dull  yellowish  color,  and  is  ready  without 
washing  for  the  next  i)rocess.     Bablah  may  be  substituted  for  oak  bark  with  advantage. 

8.  The  liming.  Into  the  cistern  filled  with  fresh  made  lime-water,  the  hanks  of  cotton 
yarn,  suspended  upon  a  series  of  wooden  rods,  are  to  be  dipped  freely  three  times  in  rapid 
succession  ;  then  each  hank  is  to  be  separately  moved  by  hand  through  the  lime  bath,  till 
the  desired  carmelite  shade  appear.     A  weak  soda  ley  may  be  used  instead  of  lime  water. 

9.  The  brightening  is  given  by  passing  the  above  hanks,  after  squeezing,  rinsing,  and 
airing  them,  through  a  dilute  bath  of  solution  of  tin.  The  color  thus  produced  is  said 
to  resemble  perfectly  the  nankin  of  China. 

Another  kind  of  nankin  color  is  given  by  oxyde  of  iron,  precipitated  upon  the  fibre 
of  the  cloth,  from  a  solution  of  the  sulphate,  by  a  solution  of  soda.  See  Calico- 
printing. 

NAPLES  YELLOW  (Jaune  mineral,  Fr. ;  Keapelgclb,  Germ.),  is  a  fine  yellow  pig- 
ment, called  giallolino,  in  Italy,  where  it  has  been  long  prepared  by  a  secret  process  ;  for 
few  of  the  recipes  which  have  been  published  produce  a  good  color.  It  is  employed  not 
only  in  oil  painting,  bat  also  for  porcelain  and  enamel.  It  has  a  fresh,  brilliant,  rich  hue, 
but" is  apt  to  be  very  unequal  in  diff"erent  samples. 

The  following  prescription  has  been  confidently  recommended.  Twelve  parts  of  me- 
tallic antimonv  are  to  be  calcined  in  a  reverberatory  furnace,  along  with  eight  parts  of 
red  lead,  and  four  parts  of  oxyde  of  zinc.  These  mixed  oxydes,  being  well  rubbed  together, 
are  to  be  fused  ;  and  the  fused  mass  is  to  be  triturated  and  elutriated  into  a  fine  powder. 
Chromate  of  lead  has  in  a  great  measure  superseded  Naples  yellow. 

NAPTHA,  or  ROCK-OIL  (Huilc  petrole,  Fr. ,  Steinol,  Germ.)  :  the  Seneca  oil  of 
North  America  is  an  ethereous  or  volatile  oil,  which  is  generated  within  the  crust  of  the 
earth,'  and  issues  in  many  different  localities.  The  colorless  kind,  called  naptha. 
occurs  at  Baku,  near  the  Caspian  Sea,  where  the  vapors  which  it  exhales  are  kindled, 
and  the  flame  is  applied  to  domestic  and  other  economical  purposes.  Wells  are  also 
dug  in  that  neighborhood,  in  which  the  naptha  is  collected.  Similar  petroleum  wells 
exist  in  the  territoiy  of  the  Birmans,  at  Yananghoung,  upon  the  river  Erawaddy,  80 
hours'  journey  north-east  of  Pegu,  where  no  less  than  520  such  springs  issue  from  a 
pale  blue  clay,  soaked  with  oil,  which  rests  upon  roofing  slate.     Under  the  slate  is  coal 
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containing  much  pyrites.  Each  spring  yields  annually  173  casks  of  950  pounds  each. 
Petroleum  is  also  found  at  Amiano  in  the  dutchy  of  Parma,  at  Saint  Zibio  in  the  grand 
dutchy  of  Modena,  at  Neufchatel  in  Switzerland,  at  Clermont  in  France,  upon  some 
points  of  the  banks  of  the  Iser,  at  Gabian,  a  village  near  Bezieres,  at  Tegernsee  in 
Bavaria,  at  Val  di  Noto  in  Sicily,  in  Zante,  Gallicia,  Wallachia,  Trinidad,  Barbadoes, 
the  United  States,  Rangoon,  near  Ava,  &c.  What  is  found  in  the  market  comes  mostly 
from  Trinidad.     The  city  of  Parma  is  lighted  with  naptha. 

The  Persian  rock-oil  is  colorless,  limpid,  very  fluid,  of  a  penetrating  odor,  a  hot  taste, 
and  a  specific  gravity  of  0-753  ;  it  is  said  to  boil  at  160='  F.  The  common  petroleum  has 
a  reddish-yellow  color,  which  appears  blue  by  reflected  light,  is  transparent,  has  a  spec, 
grav.  of  0'836,  and  contains,  according  to  Unverdorben,  several  oils  of  different  degrees 
of  volatility,  a  little  oleine  and  stearine,  resin,  with  a  brown  indifferent  substance  held  in 
solution.  By  repeated  rectifications  its  density  may  be  reduced  to  0*758  at  60°  F. 
Native  naptha,  of  specific  gravity  0-749,  is  said  by  some  to  boil  at  20P  F.  The  con- 
densed vapor  consists  of  85-05  carbon,  and  14-30  hydrogen. 

The  naptha  procured  by  distilling  the  coal  oil  of  the  gas-works,  is  of  specific  gravity 
0-857,  boils  at  316=  F.,  and  consists  of,  carbon  8304,  hydrogen  12-31,  and  oxygen 
4-65,  by  my  experiments. 

Rock-oil  is  very  inflammable ;  its  vapor  forms  with  oxygen  gas  a  mixture  which 
violently  detonates,  and  produces  water  and  carbonic  acid  gas.  It  does  not  unite  with 
water,  but  it  imparts  a  peculiar  smell  and  taste  to  it ;  it  combines  in  all  proportions  with 
strong  alcohol,  with  ether  and  oils,  both  essential  and  unctuous ;  it  dissolves  sulphur, 
phosphorus,  iodine,  camphor,  most  of  the  resins,  wax,  fats,  and  softens  caoutchouc  into 
a  glairy  varnish.  When  adulterated  with  oil  of  turpentine,  it  becomes  thick  and  reddish 
brown,  on  being  agitated  in  contact  with  strong  sulphuric  acid.  A  very  fine  black  pig- 
ment may  be  prep^'ed  from  the  soot  of  petroleum  lamps. 

NAPTHALINE  is  a  peculiar  white  ciystallizable  substance,  which  may  be  extract- 
ed by  distillation  from  coal  tar.  It  has  a  pungent  aromatic  smell  and  taste,  and  a  specific 
gravity  of  1-048.  It  is  a  solid  bicarburet  of  hydrogen,  consisting,  by  my  experiments,  of 
92-9  of  carbon,  and  7-1  of  hydrogen.     It  has  not  been  applied  to  any  use. 

NATRON  is  the  name  of  the  native  sesquicarbonate  of  soda,  which  occurs  in  Egypt, 
in  the  west  of  the  Delta  ;  also  in  the  neighborhood  of  Fessan,  in  the  province  of  Sukena 
in  Northern  Africa,  where  it  exists  under  the  name  of  Trona,  crystallized  along  with  sul- 
phate of  soda  ;  near  Symrna,  in  Tartary,  Siberia,  Hungary,  Hindostan,  and  Mexico.  In 
the  last  country,  there  are  several  natron  lakes,  a  little  to  the  north  of  Zucatecas,  as  well 
as  in  many  other  provinces.  In  Columbia,  48  miles  from  Merida,  native  mineral  natron 
is  dug  up  from  the  bottom  of  lakes  in  large  quantities,  under  the  name  of  Urao. 

According  to  Laugier,  the  Egyptian  natron  consists  of  carbonate  of  soda  22-44,  sulphate 
of  soda  18-35,  muriate  of  soda  38-64,  water  14-0,  insoluble  matter  6-0.  Trona  is  com- 
posed of  carbonate  of  soda  65-75,  sulphate  of  soda  7-65,  muriate  of  soda  2-63,  water  24, 
insoluble  matter  1.  The  sesquicarbonate  may  be  artificially  prepared  by  boiling  for  a 
short  time  a  solution  of  the  bicarbonate. 

NEALING.     See  Annealing. 

NEB-NEB  is  the  East  Indian  name  of  Bablah. 

NEEDLE  MANUFACTURE.  When  we  consider  the  simplicity,  smallness,  and 
moderate  price  of  a  needle,  we  would  be  naturally  led  to  suppose  that  this  little  instru- 
ment requires  neither  much  labor  nor  complicated  manipulations  in  its  construction  ;  but 
when  we  learn  that  every  sewing  needle,  however  inconsiderable  its  size,  passes  through 
the  hands  of  120  different  operatives,  before  it  is  ready  for  sale,  we  cannot  fail  to  be 
surprised. 

The  best  steel,  reduced  by  a  wire-drawing  machine  to  the  suitable  diameter,  is 
the  material  of  which  needles  are  formed.  It  is  brought  in  bundles  to  the  needle  fac- 
tory, and  carefully  examined.  For  this  purpose,  the  ends  of  a  few  wires  in  each  bundle 
are  cut  off,  ignited,  and  hardened  by  plunging  them  into  cold  water.  They  are  now 
snapped  between  the  fingers,  in  order  to  judge  of  their  quality ;  the  bundles  belonging 
to  the  most  brittle  wires  are  set  aside,  to  be  employed  in  making  a  peculiar  kind  of 
needles. 

After  the  quality  of  the  steel  wire  has  been  properly  ascertained,  it  is  calibred  by  means 
of  a  gause,  to  see  if  it  be  equally  thick  and  round  throughout,  for  which  purpose  merely 
some  of  the  coils  of  the  bundle  of  wires  are  tried.  Those  that  are  too  thick  are  returned 
to  the  wire-drawer,  or  set  apart  for  another  size  of  needles. 

The  first  operation,  properly  speaking,  of  the  needle  factory,  is  unwinding  the  bundles 
of  wires.  With  this  view  the  operative  places  the  coil  upon  a  somewhat  conical  reel, 
fig.  750,  whereon  he  may  fix  it  at  a  height  proportioned  to  its  diameter.  The  wire  is 
wound  off  upon  a  wheel  b,  formed  of  eight  equal  arms,  placed  at  equal  distances  round 
a  nave,  which  is  supported  by  a  polished  round  axle  of  iron,  made  fast  to  a  strong 
upright  c,  fixed  to  the  floor  of  the  workshop.      Each  of  the  arms  is  54  inches  long ;  and 


886 


NEEDLE  MANUFACTURE. 


one  of  them,  d,  consists  of  two  parts ;  of  an  upper  part,  which  bears  the  cross  bar  E,  to 
which  the  wire  is  applied ;  and  of  an  under  part,  connected  with  the  nave.  The  part  e 
slides  in  a  slot  in  the  fixed  part  f,  and  is  made  fast  to  it  by  a  peg  at  a  proper  height  for 
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placing  the  ends  of  all  the  spokes  in  the  circumference  of  a  circle.  This  arrangement  is 
necessary,  to  permit  the  wire  to  be  readily  taken  ofl'  the  reel,  after  being  wound  tight 
round  its  eight  branches.  The  peg  is  then  rernoTcd,  the  branch  pushed  down,  and  the 
coil  of  wire  released.  Fig.  751  shows  the  wheel  in  profile.  It  is  driven  by  the  winch- 
Handle  G. 

The  new  made  coil  is  cut  in  two  points  diametrically  opposite,  either  by  hand  shear^ 
of  which  one  of  the  branches  is  fixed  in  a  block  by  a  bolt  and  a  nut,  as  shown  in_^g.  752, 
or  by  means  of  the  mechanical  shears,  represented  inyig.  753.  The  crank  a  is  moved  by 
a  hydraulic  wheel,  or  steam  power,  and  rises  and  falls  alternately.  The  extremity  of 
this  crank  enters  into  a  mortise  cut  in  the  arm  b  of  a  bent  lever  b  g  c,  and  is  made  fast 
to  it  by  a  bolt.  An  iron  rod  d  r,  hinged  at  one  of  its  extremities  to  the  end  of  the  arm 
c,  and  at  the  other  to  the  tail  of  the  shears  or  chisel  e,  forces  it  to  open  and  shut  alter- 
nately. The  operative  placed  upon  the  floor  under  f  presents  the  coil  to  the  action  of  the 
shears,  which  cut  it  into  two  bundles,  composed  each  of  90  or  100  wires,  upwards  of  8 
feet  Ions.     The  chisel  strikes  21  blows  in  the  minute. 

These  bundles  are  afterwards  cut  with  the  same  shears  into  the  desired  needle  lengths, 
these  being  regulated  by  the  diameter.  For  this  purpose  the  wires  are  put  into  a  semi- 
cylinder  of  the  proper  length,  with  their  ends  at  the  bottom  of  it,  and  are  all  cut  across 
by  this  gauge.  The  wires,  thus  cut,  are  deposited  into  a  box  placed  alongside  of  the 
workman. 

Two  successive  incisions  are  required  to  cut  100  wires,  the  third  is  lost ;  hence  the 
shears,  striking  21  blows  in  a  minute,  cut  in  10  hours  fully  400,000  ends  of  steel  wire, 
which  produce  more  than  800,000  needles.  The  wires  thus  cut  are  more  or  less  bent, 
and  require  to  be  straightened.  This  opei'ation  is  executed  with  great  promptitude,  by 
means  of  an  appropriate  instrument.  In  two  strong  iron  rings  a  b,  fig.  754,  of  which 
one  is  sho\vn  in  front  view  at  c,  5000  or  6000  wires,  closely  packed  together,  are  put ; 
and  the  bundle  is  placed  upon  a  flat  smooth  bench  l  m,  fig.  757,  covered  with  a  cast-iron 
plate  D  E,  in  which  there  are  two  grooves  of  sufficient  depth  for  receiving  the  two  ring 
bundles  of  wire,  or  two  openings  like  the  rule  f,  fig.  757,  upon  which  is  placed  the  open 
iron  rule  f,  shown  in  front  in  fig.  756  upon  a  greater  scale.  The  two  rings  must  be 
carefully  set  in  the  intervals  of  the  rule.  By  making  this  rule  come  and  go  five  or  six 
times  with  such  pressure  upon  the  bundles  of  wires  as  causes  it  to  turn  upon  its  axis,  all 
the  wires  are  straightened  almost  instantaneously. 

The  construction  of  the  machine,  represented  in  fig.  757,  may  require  explanation. 
It  consists  of  a  frame  in  the  form  of  a  table,  of  which  l  m  is  the  top ;  the  cast- 
iron  plate  D  E  is  inserted  solidly  into  it.  Above  the  table,  seen  in  fig.  755  in  plan, 
there  are  two  uprights  c  h,  to  support  the  cross  bar  a  a,  which  is  held  in  forks  cut  out 
in  the  top  of  each  of  the  two  uprights.      This  cross  bar  a  a,  enters  tightly  into  a 
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mortise  cut  in  the  swing  piece  n,  at  the  point  n,  where  it  is  fixed  by  a  strong  pin,  so  that 
757  the  horizontal  traverse  communicated  to  the  cross 

bar  A  A  affects  at  the  same  time  the  swing  piece  n. 
At  the  bottom  of  this  piece  is  fixed,  as  shown  in  the 
figure,  the  open  rule  r,  seen  upon  a  greater  scale 
in  fig.  756. 

When  the  workman  wishes  to  introduce  the 
bundle  b,  he  raises,  by  means  of  two  chains  i  k, 
fig.  757,  and  the  lever  g  o,  the  swing  piece  and 
the  cross  bar.  For  this  purpose  he  draws  down  the 
chain  i ;  and  when  he  has  placed  the  bundle 
properly,  so  that  the  two  rings  enter  into  the  groove 
E  D,  fig.  755,  he  allows  the  swing  piece  to  fall  back, 
so  that  the  same  rings  enter  the  open  clefts  of  the 
rule  F;  he  then  seizes  one  of  the  projecting  arms 
of  the  cross  bar  a,  alternately  pulling  and  pushing 
it  in  the  horizontal  direction,  whereby  he  effects,  as 
akeady  stated,  the  straightening  of  the  wires. 

The  wires  are  now  taken  to  the  pointing-tools, 
which  usually  consist  of  about  30  grindstones 
arranged  in  two  rows,  driven  by  a  water-wheel. 
Each  stone  is  about  18  inches  in  diameter,  and  4 
inches  thick.  As  they  revolve  with  great  velocity, 
and  are  liable  to  fly  in  pieces,  they  are  partially  incased  by  iron  plates,  having  a  proper 
slit  in  them  to  admit  of  the  application  of  the  wires.     The  workman  seated  in  front 

of  the  grindstone,  seizes  50  or  60  wires 
between  the  thumb  and  forefinger  of  his 
right  hand,  and  directs  one  end  of  the 
bundle  to  the  stone.  By  means  of  a  bit  of 
stout  leather  called  a  thumb-piece,  of 
which  A,  fig.  758,  represents  the.  profile, 

760  p-, . — I         and  b  the  plan,  the  workman  presses  the 

wires,  and  turns  them  about  with  his  fore- 
finger, giving  them  such  a  rotatory  mo- 
tion as  to  make  their  points  conical.  This 
operation,  which  is  called  roughing  down, 
is  dry  grinding  ;  because,  if  water  were 
made  use  of,  the  points  of  the  needles  would  be  rapidly  rusted.  It  has  been  observed 
long  ago,  that  the  silicious  and  steel  dust  thrown  off  by  the  stones,  was  injurious  to  the 
eyes  and  lungs  of  the  grinders  ;  and  many  methods  have  been  proposed  for  preventing 
its  bad  effects.  The  machine  invented  for  this  purpose  by  Mr.  Prior,  for  which  the 
Society  of  Arts  voted  a  premium,  deserves  to  be  generally  known. 

A  A,  fig.  759,  is  the  fly-wheel  of  an  ordinary  lathe,  round  which  the  endless  cord  b  b 
passes,  and  embraces  the  pulley  c,  mounted  upon  the  axle  of  the  grindstone  d.  The  fly- 
wheel is  supported  by  a  strong  frame  e  e,  and  may  be  turned  by  a  winch-handle,  as  usual, 
or  by  mechanical  power.  In  the  needle  factories,  the  pointing-shops  are  in  general 
very  large,  and  contain  several  grindstones  running  on  the  same  long  horizontal  shaft, 
placed  near  the  floor  of  the  apartment,  and  driven  by  water  or  steam  power.  One  of  the 
extremities  of  the  shaft  of  the  wheel  A  has  a  kneed  or  bent  winch  f,  which  by  means  of 
an  intermediate  crank  g  g,  sets  in  action  a  double  bellows  h  i,  with  a  continuous  blast, 
consisting  of  the  air  feeder  h  below,  and  the  air  regulator  i  above.  The  first  is  com 
posed  of  tv/o  flaps,  one  of  them,  a  a,  being  fast  and  attached  to  the  floor,  and  the  other, 
e  e,  moving  with  a  hinge-joint ;  both  being  joined  by  strong  leather  nailed  to  their  edges. 
This  flap  has  a  tail  g,  of  which  the  end  is  forked  to  receive  the  end  of  the  crank  g. 
Both  flaps  are  perforated  with  openings  furnished  with  valves  for  the  admission  of  the 
air,  which  is  thence  driven  into  a  horizontal  pipe  k,  placed  beneath  the  floor  of  the  work- 
shop, and  may  be  afterwards  directed  in  an  uninterrupted  blast  upon  the  grindstone,  by 
means  of  the  tin  tubes  n  o  o,  which  embrace  it,  and  have  longitudinal  slits  in  them.  A 
brass  socket  is  supposed  to  be  fixed  upon  the  ground  ;  it  communicates  with  the  pipe  k, 
by  means  of  a  small  copper  tube,  into  which  one  of  the  extremities  of  the  pipe  n  is  fit- 
ted ;  the  other  is  supported  by  the  point  of  a  screw  q,  and  moves  round  it  as  a  pivot,  so 
as  to  allow  the  two  upright  branches  o  o,  to  be  placed  at  the  same  distance  from  the 
grindstone.  These  branches  are  soldered  to  the  horizontal  pipe  n,  and  connected  at  their 
top  by  the  tube  p. 

The  wind  which  escapes  through  the  slits  of  these  pipes,  blows  upon  the  grindstone, 
and  carries  off  its  dust  into  a  conduit  r,  fig.  759,  which  may  be  extended  to  s,  beyond 
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the  wall  of  the  building,  or  bent  at  right  angles,  as  at  t,  to  receive  the  conduits  of  the 
other  grindstones  of  the  factory. 

759 
13 


A  safety  valve  j,  placed  in  an  orifice  formed  in  the  regulator  flap  i,  is  kept  shut  by  a 
spiral  spring  of  strong  iron  wire.  It  opens  to  allow  the  superfluous  air  to  escape,  when, 
by  the  rising  of  the  bellows,  the  tail  L  presses  upon  a  small  piece  of  wood,  and  thereby 
prevents  their  being  injured. 

The  wires  thus  pointed  at  both  ends  are  transferred  to  the  first  workshop,  and  cut  in 
two,  to  form  two  needles,  so  that  all  of  one  quality  may  be  of  equal  length.  For  each 
sort  a  small  instrument,  yi^.  760,  is  employed,  being  a  copper  plate  nearly  square,  having 
a  turned  up  edse  only  upon  two  of  its  sides ;  the  one  of  which  is  intended  to  receive  all 
the  poitxts,  and  the  other  to  resist  the  pressure  of  the  shears.  In  this  small  tool  a  certain 
number  of  wires  are  put  with  their  points  in  contact  with  the  border,  and  they  are  cut 
together  flush  with  the  plate  by  means  of  the  shears,  fig.  752,  which  are  moved  by  the 
knee  of  the  workman.  The  remainder  of  the  wires  are  then  laid  upon  the  same  copper 
or  brass  tool,  and  are  cut  also  even  ;  there  being  a  trifling  waste  in  this  operation.  The 
pieces  of  wire  out  of  which  two  needles  are  formed,  are  always  left  a  little  too  long,  as 
the  pointer  can  never  hit  exact  uniformity  in  his  work. 

These  pointed  wires  are  laid  parallel  to  each  other  in  little  Avooden  boxes,  and  transfer- 
red to  the  head-flattener.  This  workman,  seated  at  a  table  with  a  block  of  steel  before 
him,  about  3  inches  cube,  seizes  in  his  left  hand  20  or  25  needles,  between  his  finger  and 
thumb,  spreading  them  out  like  a  fan,  with  the  points  under  the  thumb,  and  the  heads 
projecting;  he  lays  these  heads  upon  the  steel  block,  and  with  a  small  flat-faced  hammer 
strikes  successive  blows  upon  all  the  heads,  so  as  to  flatten  each  in  an  instant.  He  then 
arranges  them  in  a  box  with  the  points  turned  the  same  way. 

The  flatted  heads  have  become  hardened  by  the  blow  of  the  hammer ;  when  annealed 
by  heating  and  slow  cooling,  they  are  handed  to  the  piercer.  This  is  commonly  a  child, 
who  laying  the  head  upon  a  block  of  steel,  and  applying  the  point  of  a  small  punch  to 
it,  pierces  the  eye  with  a  smart  tap  of  a  hammer,  applied  first  upon  the  one  side,  and 
then  exactly  opposite  upon  the  other. 

Another  child  trims  the  eyes,  which  he  does  by  laying  the  needle  upon  a  lump  of  lead, 
and  driving  a  proper  punch  through  its  eye  ;  then  laying  it  sidewise  upon  a  flat  piece  of 
steel,  with  the  punch  sticking  in  it,  he  gives  it  a  tap  on  each  side  with  his  hammer,  and 
causes  the  eye  to  take  the  shape  of  the  punch.  The  operation  of  piercing  and  trimming 
the  eves,  is  performed  by  clever  children  with  astonishing  rapidity  ;  who  become  so  dex- 
terous as  to  pierce  with  their  punch  a  human  hair,  and  thread  it  with  another,  for  the 
amusement  of  visiters. 

The  next  operative  makes  the  groove  at  the  eye,  and  rounds  the  head.  He  fixes  the 
needle  in  i)incers,  yig.  761,  so  that  the  eye  corresponds  to  their  flat  side  ;  he  then  rests  the 
head  of  the  needle  in  an  angular  groove,  cut  in  a  piece  of  hard  wood  fixed  in  a  vice, 
with  the  eye  in  an  upright  position.  He  now  forms  the  ?roove«with  a  single  stroke 
of  a  small  file,  dexterously  applied,  first  to  the  one  side  of  the  needle,  and  then  to  the 
other.  He  next  rounds  and  smooths  the  head  with  a  small  flat  file.  Having  finished, 
he  opens  the  pincers,  throws  the  needle  upon  the  bench,  and  puts  another  in  its  place. 
A  still  more  expeditious  method  of  making  the  grooves  and  finishing  the  heads  has 
been  long  used  in  most  English  factoiies.  A  small  ram  is  so  mounted  as  to  be  made  to 
rise  and  fall  by  a  pedal  lever,  so  that  the  child  works  the  tool  with  his  foot ;  in  the 
same  way  as  the  heads  of  pins  are  fixed.     A  small  die  of  tempered  steel  bears  the  form 
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of  the  one  channel  or  groove,  another  similar  die,  that  of  the  other,  both  heing  in  relief; 
these  being  worked  by  the  lever  pedal,  finish  the  grooving  of  the  e3'e  at  a  single  blow,  by 
striking  against  each  other,  with  the  head  of  the  needle  between  them. 

The  whole  of  the  needles  thus  prepared  are  thrown  pell-mell  into  a  sort  of  drawer  or 
box,  in  which  they  are,  by  a  few  dexterous  jerks  of  the  workman's  hand,  made  to  arrange 
themselves  parallel  to  each  other. 

The  needles  are  now  ready  for  the  tempering ;  for  which  purpose  they  are  weighed  out 
in  quantities  of  about  30  pounds,  which  contain  from  250,000  to  500,000  needles,  and  are 
carried  in  boxes  to  the  temperer.  He  arranges  these  upon  sheet-iron  plates,  about  10 
inches  long,  and  5  inches  broad,  having  borders  only  upon  the  two  longer  sides.  These 
plates  are  heated  in  a  proper  furnace  to  bright  redness  for  the  larger  needles,  and  to  a 
less  intense  degree  for  the  smaller ;  they  are  taken  out,  and  inverted  smartly  over  a  cis- 
tern of  water,  so  that  all  the  needles  may  be  immersed  at  the  same  moment,  yet  distinct 
from  one  another.  The  water  being  run  off  from  the  cistern,  the  needles  are  removed, 
and  an-anged  by  agitation  in  a  box,  as  above  described.  Instead  of  heating  the  needles 
in  a  furnace,  some  manufacturers  heat  them  by  means  of  a  bath  of  melted  lead  in  a  state 
of  ignition. 

After  being  suddenly  plunged  in  the  cold  water,  they  are  very  hard  and  excessively 
brittle.  The  following  mode  of  tempering  them  is  practised  at  Neustadt.  The  needles 
are  thrown  into  a  sort  of  frying-pan  along  with  a  quantity  of  grease.  The  pan  being 
placed  on  the  fire,  the  fatty  matter  soon  inflames,  and  is  allowed  to  burn  out;  the 
needles  are  now  found  to  be  sufficiently  well  tempered.  They  must,  however,  be 
re-adjusted  upon  the  steel  anvil,  because  many  of  them  get  twisted  in  the  hardening  and 
tempering. 

Polishing  is  the  longest  and  not  the  least  expensive  process  in  the  needle  manufacture. 
This  is  done  upon  bundles  containing  500,000  needles ;  and  the  same  machine,  under 
the  guidance  of  one  man,  polishes  from  20  to  30  bundles  at  a  time  ;  either  by  water  or 
steam  power.  The  needles  are  rolled  up  in  canvass  along  with  some  quartzose  sand 
interstratified  between  their  layers,  and  the  mixture  is  besmeared  with  rape-seed  oil. 
Fig.  762  represents  one  of  the   rolls   or  packets  of  needles   12  inches  long,  strongly 
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bound  with  cords.  These  packets  are  exposed  to  the  to-and-fro  pressure  of  wooden 
tables,  by  which  they  are  rolled  about,  with  the  effect  of  causing  every  needle  in  the 
bundle  to  rub  against  its  fellow,  and  against  the  silicious  matter,  or  emery,  enclosed 
in  the  bag.  Fig.  763  represents  an  improved  table  for  polishing  the  needles  by  attri- 
tion-bags. The  lower  table  m  m  is  moveable,  whereas  in  the  old  constructions  it  was 
fixed  ;  the  table  c  has  merely  a  vertical  motion,  of  pressure  upon  the  bundles,  whereas 
formerly  it  had  both  a  vertical  and  horizontal  motion.  Several  bundles  may  obviously 
be  polished  at  once  in  the  present  machine.  The  table  m  m  may  be  of  any  length  that 
is  required,  and  from  24  to  27  inches  broad ;  resting  upon  the  wooden  rollers  b,  b,  b, 
placed  at  suitable  distances,  it  receives  a  horizontal  motion,  either  by  hand  or  other 
convenient  power ;  the  packets  of  needles  a,  a,  a,  are  laid  upon  it,  and  over  them  the 
tables  c,  c,  c,  which  are  lifted  by  means  of  the  chains  k,  k,  k,  and  the  levers  l,  l,  l,  in 
order  to  allow  the  needles  to  be  introduced  or  removed.  The  see-saw  motion  forces 
'he  rouleaux  to  turn  upon  their  own  axes,  and  thereby  creates  such  attrition  among 
.heir  contents  as  to  polish  them.     The  workman  has  merely  to  distribute  these  rolls 


NEFDLE  MANUFACTURE. 


upon  the  table  M,  in  a  cluection  perpendicular  to  that  in  which  the  table  ynoves;  and 
whenever  one  of  them  gets  displaced,  he  sets  it  ri^ht,  lifting  by  the  help  of  the  chain 
the  loaded  table.  The  table  makes  about  20  horizontal  double  vibrations  in  the  minute ; 
whereby  each  bundle,  running  over  24  inches  each  time,  passes  through  40  feet  per  minute, 
or  800  yards  in  the  hour. 

Scouring  by  the  cask.  After  being  worked  during  18  or  20  hours  under  the  tables,  the 
needhss  are  taken  out  of  the  packets,  and  put  into  wooden  bowls,  where  they  are  mixed 
■with  sawdust  to  absorb  the  black  grease  upon  their  surfaces.  They  are  next  introduced 
into  a  cdsk,  fig.  764,  and  a  workman  seizing  the  winch  r,  turns  it  round  a  little ;  he  now 
puts  in  some  more  sawdust  at  the  door,  A,  b,  which  is  then  shut  by  the  clasps  g  g.  and 
continues  the  rotation  till  the  needles  be  quite  clean  and  clear  in  their  eyes ;  which  he 
ascertains  by  taking  out  a  sample  of  them  from  time  to  time. 

IVmuowing  is  the  next  process,  by  means  of  a  mechanical  ventilator  similar  to  that  by 
which  corn  is  winnowed.  The  sawdust  is  blown  away,  and  the  grinding  powder  is 
separated  from  the  needles,  which  remain  apart  clean  and  bright. 

The  needles  are  in  the  next  place  arranged  in  order,  by  being  shaken,  as  above  de- 
scribed, in  a  small  somewhat  concave  iron  tray.  After  being  thus  laid  parallel  to  each 
other,  they  are  shaken  up  against  the  end  of  the  tray,  and  accumulated  in  a  nearly  up- 
right position,  so  that  they  can  be  seized  in  a  heap  and  removed  in  a  body  upon  a  pallet 
knife,  with  the  help  of  the  forefinger. 

The  preceding  five  operations,  of  making  up  the  rouleaux,  rolling  them  under  the 
tables,  scouring  the  needles  in  the  cask,  winnowing,  and  arranging  them,  are  repeated 
ten  times  in  succession,  in  manufacturing  the  best  articles ;  the  only  variation  being  in 
the  first  process.  Originally  the  bundles  of  needles  are  formed  with  alternate  layers  of 
silicious  schistus  and  needles  ;  but  after  the  seventh  time,  bran  freed  from  flour  by  sift- 
ing is  substituted  for  the  schistus.  The  subsequent  four  processes  are,  however,  repeat- 
ed as  described.     It  has  been  found  in  England,  that  emery  powder  mixed  with  quartz  and 
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mica  or  pounded  granite,  is  preferable  to  everything  else  for  polishing  needles  at  first  by 
attrition  in  the  bags ;  at  the  second  and  following  operations,  emery  mixed  with  olive  oil 
is  used,  up  to  the  eighth  and  ninth,  for  which  putty  or  oxyde  of  tin  with  oil  is  substituted 
for  the  emery ;  at  the  tenth  the  putty  is  used  with  very  little  oil ;  and  lastly  bran  is  em- 
ployed to  give  a  finish.  In  this  mode  of  operating,  the  needles  are  scoured  in  the  copper 
cask  shown  in  elevation  in  fig.  765,  and  in  section  in_^g.  766.  The  inner  surface  of  this 
cask  is  studded  with  points  to  increase  the  friction  among  the  needles  ;  and  a  quantity  of 
hot  soap  suds  is  repeatedly  introduced  to  wash  them  clean.  The  cask  must  be  slowly 
turned  upon  its  axis,  for  fear  of  injuring  the  mass  of  needles  which  it  contains.  They 
are  finally  dried  in  the  wooden  cask  by  attrition  with  sawdust ;  then  wiped  individually 
with  a  linen  rag  or  soft  leather ;   when  the  damaged  ones  are  thrown  aside. 

Sorting  of  the  needles.  This  operation  is  performed  in  a  dry  upper  chamber,  kept  free 
ft'om  damp  by  proper  stoves.  Here  all  the  point?  are  first  laid  the  same  way  ;  and  the 
needles  are  then  picked  out  from  each  other  in  the  order  of  their  polish.  The  sorting  is 
efl'ected  with  surprising  facility.  The  workman  places  2000  or  3000  needles  in  an  iron 
rinsTj/ig.  767,  two  inches  in  diameter,  and  sets  all  their  heads  in  one  plane;  then  on 
lookin?  carefully  at  their  points,  he  easily  recognises  the  broken  ones  ;  and  by  means  of 
a  small  hook  fixed  in  a  wooden  handle,_/?g.  768,  he  lays  hold  of  the  broken  needle,  and 
turns  it  out.  These  defective  needles  pass  into  the  hands  of  another  workman,  who 
points  them  anew  upon  a  grindstone,  and  they  form  articles  of  inferior  value.  The  needles 
which  have  got  bent  in  the  polishing  must  now  be  straightened.  The  whole  are  finally 
arranged  exactly  according  to  their  lengths  by  the  tact  of  the  finger  and  thumb  of  the 
sorter. 

The  needles  are  divided  into  quantities  for  packing  in  blue  papers,  by  putting  into  a 
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small  balance  the  equivalent  weight  of  100  needles,  and  so  measuring  them  out  without 
the  trouble  of  counting  them  individually. 

The  bluer  receives  these  packets,  and  taking  25  of  their  needles  at  a  time  between  the 
forefinger  and  thumb,  he  presses  their  points  against  a  very  small  hone-stone  of  compact 
micaceous  schist,  mounted  in  a  little  lathe,  as  shown  in  fig.  769,  he  turns  them  briskly 
round,  giving  the  points  a  bluish  cast,  while  he  polishes  and  improves  them.  This  partial 
polish  is  in  the  direction  of  the  axis ;  that  of  the  rest  of  the  needle  is  transverse,  which 
distinguishes  the  boundaries  of  the  two.  The  little  hone-stone  is  not  cylindrical,  but 
quadrangular,  so  that  it  strikes  successive  blows  with  its  corners  upon  the  needles  as  it 
revolves,  producing  the  efl'ect  of  filing  lengthwise.  Whenever  these  angles  seem  to  be 
blunted,  they  are  set  again  by  the  bluer. 

It  is  easy  to  distinguish  good  English  needles  from  spurious  imitations ;  because  the 
former  have  their  axis  coincident  with  their  points,  which  is  readily  observed  by  turning 
them  round  between  the  finger  and  thumb. 

The  construction  of  a  needle  requires,  as  already  stated,  about  120  operations;  but 
they  are  rapidly  and  uninterruptedly  successive.  A  child  can  trim  the  eyes  of  4000 
needles  per  hour. 

When  we  survey  a  manufacture  of  this  kind,  we  cannot  fail  to  observe,  that  the  diver- 
sity of  operations  which  the  needles  undergo  bears  the  impress  of  great  mechanical  refine- 
ment. In  the  arts,  to  divide  labor,  is  to  abridge  it ;  to  multiply  operations,  is  to  simplify 
them ;  and  to  attach  an  operative  exclusively  to  one  process,  is  to  render  him  much  more 
economical  and  productive. 

NEROLI  is  the  name  given  by  perfumers  to  the  essential  oil  of  orange  flowers.  It  is 
procured  by  distillation  with  water,  in  the  same  way  as  the  other  volatile  oils.  Since  in 
distilling  water  from  neroli,  an  aroma  is  obtained  diiferent  from  that  of  the  orange-flower, 
it  has  been  concluded  that  the  distilled  water  of  orange-flowers  owes  its  scent  to  some 
principle  different  from  an  essential  oil. 

NET  (Filet,  reseau,  Fr. ;  Netz,  Germ.)  is  a  textile  fabric  of  knotted  meshes,  for 
catching  fish,  and  other  purposes.  Each  mesh  should  be  so  secured  as  to  be  incapable  of 
enlargement  or  diminution.  The  French  government  ofl'ered  in  1802  a  prize  of  10,000 
francs  to  the  person  who  should  invent  a  machine  for  making  nets  upon  automatic 
principles,  and  adjudged  it  to  M.  Buron,  who  presented  his  mechanical  invention  to  the 
Cmiservatoire  des  Arts  et  MHiers.  It  does  not  appear,  however,  that  this  machine  has 
accomplished  the  object  in  view ;  for  no  establishment  was  ever  mounted  to  carry  it  into 
execution.  Nets  are  usually  made  by  the  fishermen  and  their  families  during  periods  of 
leisure.  The  formation  of  a  mesh  is  too  simple  a  matter  to  require  description  in  this 
Dictionary. 

NEUTRALIZATION  is  the  state  produced  when  acid  and  alkaline  matters  are  com- 
bined in  such  proportions  that  neither  predominates,  as  evinced  by  the  color  of  tincture 
of  litmus  and  cabbage  remaining  unaffected  by  the  combination. 

NICARAGUA  WOOD  is  the  wood  of  the  Casalpinia  echinata,  a  tree  which  grows  in 
Nicaraca.  It  is  used  with  solution  of  tin  as  a  mordant  to  dye  a  bright  but  fugitive  red. 
It  is  an  inferior  sort  of  Brazil  wood. 

NICKEL  is  a  metal  rather  sparingly  found,  and  in  few  localities ;  being  usually  asso- 
ciated with  cobalt.  Native  nickel  occurs  at  Westerwald  in  the  Erzegebirge,  in  Bohemia, 
combined  with  arsenic,  under  the  significant  name  of  Kupfernickel ;  with  cobalt,  iron,  and 
copper,  as  Jlrsenic -nickel,  in  the  Harz  ;  at  Riechelsdorf  in  Hessia ;  as  an  oxyde,  in  Nickel- 
schwfirtze  ;  as  a  sulphuret  of  nickel  in  Haarkies  ;  as  a  sulphuret  and  arseniate  of  nickel 
in  Nickelglanz ;  and  with  sulphur  and  antimony  in  Nickelspiess  glanzcrz  at  Siegen. 
Nickel  is  always  present  in  meteoric  stones.  Kupfernickel  occurs  in  numerous  external 
shapes ;  as  reniform,  globular,  botroidal,  arborescent,  massive,  and  disseminated ;  fracture, 
coarse  or  fine  grained,  with  metallic  lustre  ;  color,  copper  red,  occasionally  brown  and 
gray ;  in  silver  and  cobalt  veins,  in  gneiss,  sienite,  mica-slate,  kupfer-schiefer,  accompa- 
nied by  speisse  cobalt,  native  silver,  quartz,  &c.  It  is  found  in  Westphalia  near  Olpe,  in 
Hessia  at  Riechelsdorf,  and  Biber,  in  Baden;  in  the  Saxon  Erzegebirse  near  Schneebere, 
and  Freiberg ;  in  Bohemia,  at  Joachimsthal ;  in  Thuringia,  at  Saalfeld ;  in  Sleyermark 
near  Schladming;  in  Hungary,  France,  and  England. 

Since  the  manufacture  of  German  silver,  or  Jlrgentane,  became  an  object  of  commercial 
importance,  the  extraction  of  nickel  has  been  undertaken  upon  a  considerable  scale.  The 
cobalt  ores  are  its  most  fruitful  sources,  and  they  are  now  treated  by  the  method  of 
Wohler,  to  effect  the  separation  of  the  two  metals.  The  arsenic  is  expelled  by  roasting 
the  powdered  speise,  first  by  itself,  next  with  the  addition  of  charcoal  powder,  till  the  garlic 
smell  be  no  longer  perceived.  The  rpsiduum  is  to  be  mixed  with  three  parts  of  sulphur 
and  one  of  potash,  melted  in  a  crucible  with  a  gentle  heat,  and  the  product  being  edul- 
corated with  water,  leaves  a  powder  of  metallic  lustre,  which  is  a  sulphuret  of  nickel 
free  from  arsenic  ;  while  the  arsenic  associated  with  the  sulphur,  and  combined  with  the 
resulting  sulphuret  of  potassium,  remains  dissolved.      Should  any  arsenic  still  be  found 
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in  the  sulphuret,  as  may  happen  if  the  first  roasting  heat  was  too  great,  the  above  pro- 
cess must  be  repealed.  The^ulphuret  must  be  finally  waslied,  dissolved  in  concentrated 
sulphuric  acid,  with  the  addition  of  a  little  nitric,  the  metal  must  be  precipitated  by  a 
carbonated  alkali,  and  the  carbonate  reduced  with  charcoal. 

In  operating  upon  kupfernickel,  or  speise,  in  which  nickel  predominates,  after  the 
arsenic,  iron,  and  copper  have  been  separated,  ammonia  is  to  be  digested  upon  the  mixed 
oxydes  of  cobalt  and  nickel,  which  will  dissolve  them  into  a  blue  liquor.  This  being 
diluted  with  distilled  water  deprived  of  its  air  by  boiling,  is  to  be  decomposed  by  caustic 
potash,  till  the  blue  color  disappears,  when  the  whole  is  to  be  put  into  a  bottle  tightly 
stoppered,  and  set  aside  to  settle.  The  green  precipitate  of  oxyde  of  nickel,  which  slowly 
forms,  being  freed  by  decantation  from  the  supernatant  red  solution  of  oxyde  of  cobalt,  is 
to  be  edulcorated  and  reduced  to  the  metallic  state  in  a  crucible  containing  crown  glass. 
Pure  nickel  in  the  form  of  a  metallic  powder  is  readily  obtained  by  exposing  its  oxalate 
to  modern  ignition. 

The  reduction  of  the  oxyde  of  nickel  with  charcoal  requires  the  heat  of  a  powerful  air 
furnace  or  smith's  forge. 

Nickel  possesses  a  fine  sUver  white  color  and  lustre;  it  is  hard,  but  malleable,  both 
hot  and  cold ;  may  be  drawn  into  wire  J-  of  an  inch,  and  rolled  into  plates  .^-1_  of  an 
inch  thick.  A  small  quantity  of  arsenic  destroys  its  ductility.  When  fused  it  has  a 
specific  gravity  of  8-279,  and  when  hammered,  of  8*66  or  8*82 ;  it  is  susceptible  of  mag- 
netism, in  a  somewhat  inferior  degree  to  iron,  but  superior  to  cobalt.  Mariners'  com- 
passes may  be  made  of  it.  Its  melting  point  is  nearly  as  high  as  that  of  manganese.  It 
is  not  oxydized  by  contact  of  air,  but  may  be  burned  in  oxygen  gas. 

There  is  one  oxyde  and  two  suroxydes  of  nickel.  The  oxyde  is  of  an  ash-graj  color, 
and  is  obtained  by  precipitation  with  an  alkali  from  the  solution  of  the  muriate  or 
nitrate.  The  niccolous  surox^'de  of  Berzelius  is  black,  and  may  be  juocured  by  exposing 
the  nitrate  to  a  heat  under  redness.  The  niccolic  suroxyde  has  a  dirty  pale  green  color ; 
but  its  identity  is  doubtful. 

NICOTIANINE  is  the  name  of  an  oil  recently  extracted  from  the  leaves  of  tobacco, 
which  possesses  the  smell  of  tobacco  smoke. 

NICOTINE  is  a  peculiar  pi-inciple,  obtainable  from  the  leaves  and  seeds  of  tobacco 
(nicotiana  tabacum),  by  infusing  them  in  acidulous  water,  evaporating  the  infusion  to  a 
certain  point,  adding  lime  to  it,  distilling  and  treating  the  product  which  comes  over 
with  ether.  It  is  colorless,  has  an  acrimonious  taste,  a  pungent  smell,  remains  liquid  at 
20°  F.,  mixes  in  all  proportions  with  water,  but  is  in  a  great  measure  separable  from  it 
by  ether,  which  dissolves  it  abundantly.  It  combines  with  acids,  and  forms  salts  acrid 
and  pungent  like  itself;  the  phosphate,  oxalate,  and  tartrate  being  crystallizable. 
Nicotine  causes  the  pupils  to  contract.     A  single  drop  of  it  is  sufficient  to  kill  a  dog. 

NITRATE  OF  AMMONIA  is  prepared  by  neutralizing  nitric  acid  with  carbonate  of 
ammonia,  and  crystallizing  the  solution. 

NITRATE  OF  LEAD  (Nitrate  de  plomb,  Fr. ;  Salpetersaures  bleioxyd,  Germ.)  is  made 
by  saturating  somewhat  dilute  nitric  acid  with  oxyde  of  lead  (litharge),  evaporating  the 
neutral  solution  till  a  pellicle  appears,  and  then  exposing  it  in  a  hot  chamber  till  it  be 
converted  into  crystals,  which  are  sometimes  transparent,  but  generally  opaque  white 
octahedrons.  Their  spec.  grav.  is  4-068 ;  they  have  a  cooling,  sweetish,  pungent  taste. 
They  dissolve  in  7  parts  of  cold,  and  in  much  less  boiling  water;  they  fuse  at  a  moderate 
elevation  of  temperature,  emit  oxygen  gas,  and  pass  into  oxyde  of  lead.  Their  constitu 
ents  are  67-3  oxyde,  and  32-7  acid.  Nitrate  of  lead  is  much  employed  in  the  chrom* 
yellow  style  of  Calico-printing  ;  which  see. 

There  are  three  other  compounds  of  nitric  acid  and  lead  oxyde ;  viz.,  the  bi-basic 
the  tri-basic,  and  the  se-basic ;  which  contain  respectively  2,  3,  and  6  atoms  of  base  t' 
1  of  acid. 

NITRATE  OF  POTASH,  Nitre,  Saltpetre.  (Nitrate  de  potasse,  Fr. ;  Salpeter 
saures  kali,  Germ.)  This  salt  occurs  native  as  an  efflorescence  upon  limestones,  sand 
stones,  marls,  chalk,  and  calctuff;  it  forms  a  saline  crust  in  caverns,  as  also  upon  th< 
surface  of  the  srround  in  certain  places,  especially  where  animal  maUers  have  been 
decomposed.  Such  caverns  exist  in  Germany  near  Homburg  (Burkardush) ;  in  Apulia 
upon  the  Adriatic  sea  (Pulo  di  Mofetta) ;  in  France ;  in  the  East  Indies ;  in  Ceylon, 
where  22  nitriferous  caverns  are  mentioned ;  in  North  America,  at  Crooked  river, 
Tennessee,  Kentucky,  and  upon  the  Missouri;  in  Brazil,  Tenerifle,  and  Africa.  Nitre 
occurs  as  an  efflorescence  upon  the  ground  in  Arragon,  Hungary,  Podolia,  Sicily, 
Egypt,  Persia,  Bengal,  China,  Arabia,  North  America,  and  South  America.  Several 
plants  contain  saltpetre ;  particularly  borage,  dill,  tobacco,  sunflowers,  stalks  of  maize, 
beet-root,  bugloss,  parietaria,  &c.  It  has  not  hitherto  been  found  in  animal  sub- 
stances. 

The  question  has  been  frequently  put ;  how  is  nitre  annually  reproduced  upon  the 
surface  of  limestones,  and  the  ground,  after  it  has  been  removed  by  washing  ?     It  has 
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been  said,  in  reply,  that  as  secondary  limestones  contain  remains  of  animal  matters, 
the  oxygen  of  the  atmosphere,  absorbed  in  virtue  of  the  porous  structure,  will  com- 
bine with  their  azote  to  form  nitric  acid;  whence  nitrate  of  lime  will  result.  Where 
potash  is  present  in  the  ground,  a  nitrate  of  that  base  will  be  next  formed.  The  generation 
of  nitre  is  in  all  cases  limited  to  a  very  small  distance  from  the  surface  of  porous  stones; 
no  further,  indeed,  than  where  atmospherical  air  and  moisture  can  penetrate ;  and  none 
is  ever  produced  upon  the  surface  of  compact  stones,  such  as  marble  and  quartz,  or  of 
argillaceous  minerals.  Dr.  John  Davy  and  M.  Longchamp  have  advanced  an  opinion, 
that  the  presence  of  azotized  matter  is  not  necessary  for  the  generation  of  nitric  acid  oi 
nitrous  salts,  but  that  the  oxygen  and  azote  of  the  atmosphere,  when  condensed  by  capil- 
larity, will  combine  in  such  proportions  as  to  form  nitric  acid,  through  the  agency  of 
moisture  and  of  neutralizing  bases,  such  as  lime,  magnesia,  potash,  or  soda.  They  conceive 
that  as  spongy  platina  serves  to  combine  oxygen  and  hydrogen  into  water,  or  the  vapor 
of  alcohol  and  oxygen  into  acetic  acid,  and  as  the  peroxydeas  well  as  the  hydrate  of  iron, 
and  argillaceous  minerals,  serve  to  generate  ammonia  from  the  oxysen  of  the  air  and  the 
hydrogen  of  water;  in  like  manner,  porous  limestones,  through  the  agency  of  water, 
operate  upon  the  constituents  of  the  atmosphere  to  produce  nitric  acid,  without  the  pres- 
ence of  animal  matter.  This  opinion  may  certainly  be  maintained ;  for  in  India,  Spain, 
and  several  other  countries,  at  a  distance  from  all  habitations,  immense  quantities  of  salt- 
petre are  reproduced  in  soils  which  have  been  washed  the  year  before. ;  But,  on  the 
other  hand,  it  is  known  that  the  production  of  this  salt  may  be  gi'eally  facilitated  and  in- 
creased by  the  admixture  of  animal  ofl'als  with  calcareous  earths. 

The  spontaneous  generation  of  nitre  in  Spain,  Egypt,  and  especially  in  India,  is  suffi- 
cient to  supply  the  wants  of  the  whole  world.  There  this  salt  is  observed  to  form  upon 
the  surface  of  the  ground  in  silky  tufts,  or  even  in  slender  prismatic  crystals,  particu- 
larly during  the  continuance  of  the  hot  weather  that  succeeds  copious  rains.  These  saline 
efflorescences,  after  being  collected  by  rude  besoms  of  broom,  are  lixiviated,  allowed  to 
settle,  evaporated,  and  crystallized.  In  France,  Germany,  Sweden,  Hungary,  &c.,  vast 
quantities  of  nitrous  salts  are  obtained  by  artificial  arrangements  called  nitriaries,  or 
nitre-beds.  Very  little  nitrate  of  potash,  indeed,  is  obtained  in  the  first  place;  but  the 
niti"ates  of  lime  and  magnesia,  which  being  deliquescent,  remain  in  the  nitrous  earths  in 
a  semi-liquid  state.  The  operation  of  converting  these  salts  into  good  nitre  is  often  suf- 
ficiently comple^i,  in  consequence  of  the  presence  of  several  muriates,  which  are  difficult 
to  eliminate. 

The  following  instructions  have  been  given  by  the  consulting  committee  of  poudres  ef 
salpetres  in  France,  for  the  construction  of  their  7iitr)eres  artificielhs.  The  permeability 
of  the  materials  to  the  atmospherical  air,  being  found  to  be  as  indispensable  as  is  the 
presence  of  a  base  to  fix  the  nitric  acid  at  the  instant  of  its  formation,  the  first  measure 
is  to  select  a  light  friable  earth,  containing  as  much  carbonate  of  lime  or  old  mortar- 
rubbish  as  possible ;  and  to  interstratify  it  with  beds  of  dung,  five  or  six  inches  thick, 
till  a  considerable  heap  be  raised  in  the  shape  of  a  truncated  pyramid,  which  should  be 
placed  under  an  open  shed,  and  kept  moist  by  watering  it  from  time  to  time.  When 
the  Avhole  appears  to  be  decomposed  into  a  kind  of  mould,  it  is  to  be  spread  under  sheds 
in  layers  of  from  two  to  three  feet  thick ;  which  are  to  be  watered  occasionally  with 
urine  and  the  drainings  of  dunghills,  taking  care  not  to  soak  them  too  much,  lest  they 
should  be  rendered  impermeable  to  the  air,  though  they  should  be  always  damp  enough 
to  favor  the  absorption  and  mutual  action  of  the  atmospherical  gases.  Moist  garden 
mould  affords  an  example  of  the  physical  condition  most  favorable  to  nitre-beds.  The 
compost  should  be  turned  over,  and  well  mixed  with  the  spade  once  at  least  in  every 
fortnight,  and  the  sides  of  the  shed  should  be  partially  closed ;  for  although  air  be  essen- 
tial, wind  is  injurious,  by  carrying  ofif  the  acid  vapors,  instead  of  allowing  them  to  rest 
incumbent  upon,  and  combine  with,  the  bases.  The  chemical  reaction  is  slow  and 
successive,  and  can  be  made  effective  only  by  keeping  the  agents  and  materials  in  a 
state  of  quiescence.  The  whole  process  lasts  two  years ;  but  since  organic  matters 
would  yield  in  the  lixiviation  several  soluble  substances  detrimental  to  the  extraction  of 
saltpetre,  they  must  not  be  added  during  the  operations  of  the  latter  six  months ;  nor 
must  any  thing  except  clear  water  be  used  for  watering  during  this  period  ;  at  the  end 
of  which  the  whole  organic  ingredients  of  the  beds  will  be  totally  decomposed.  Where 
dung  is  not  sufficiently  abundant  for  the  above  stratifications,  a  nitre-bed  should  be 
formed  in  a  stable  with  friable  earth,  covered  with  a  layer  of  litter  ;  after  four  months 
the  litter  is  to  be  lifted  off,  the  earth  is  to  be  turned  over,  then  another  layer  of  fresh 
earth,  8  or  9  inches  thick,  is  to  be  placed  over  it,  and  a  layer  of  the  old  and  fresh  litter 
over  all.  At  the  end  of  other  four  months,  this  operation  is  to  be  repeated  ;  and  in  the 
course  of  a  year  the  whole  is  ready  to  be  transferred  into  the  regular  nitre-beds  under  a 
shed,  as  above  described.  Such  are  the  laborious  and  disagreeable  processes  practised 
by  the  peasants  of  Sweden,  each  of  whom  is  bound  by  law  to  have  a  nitre-bed,  and  to 
furnish  a  certain  quantity  of  mtre  to  the  state  every  year.     His  nitriary  commonly  con- 
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sists  of  a  small  hut  built  of  boards,  with  a  bottom  of  rammed  clay,  covered  by  a  wooden 
floor,  upon  which  is  spread  a  mixture  of  ordinary  earth  with  calcareous  sand  or  marl, 
and  lixiviated  wood-ashes.  This  mixture  is  watered  with  stable  urine,  and  its  surface 
is  turned  over  once  a  week  in  summer,  and  once  a  fortnight  in  winter.  In  some 
countries,  walls  2  or  3  feet  thick,  and  6  or  7  high,  are  raised  with  the  nitrifying  com- 
post, interspersed  with  weeds  and  branches  of  trees,  in  order  at  once  to  bind  them 
together,  and  to  favor  the  circulation  of  air.  These  walls  are  thatched  with  straw ; 
they  are  placed  with  one  of  their  faces  in  the  direction  of  the  rains ;  and  must  be  moist- 
ened with  water  not  rich  in  animal  matter.  One  side  of  the  walls  is  upright  and  smooth ; 
while  the  other  is  sloped  or  terraced,  to  favor  the  admission  of  humidity  into  their  interior. 
The  nitre  eventually  forms  a  copious  efflorescence  upon  the  smooth  side,  whence  it  may 
be  easily  scraped  off. 

M.  Longchamp,  convinced  that  organic  matters  are  a  useless  expense,  and  not  in  the  ^ 
least  essential  to  nitrification,  proposes  to  establish  nitre-beds  where  fuel  and  labor  are 
cheapest,  as  amidst  forests,  choosing  as  dry  and  low  a  piece  of  ground  as  possible,  laying 
them  out  upon  a  square  space  of  about  1000  feet  in  each  side,  in  the  middle  of  which  the 
graduation-house  may  be  built,  and  alongside  of  it  sheds  for  the  evaporation  furnaces  and 
pans.  Upon  each  of  the  four  sides  the  niMfying  sheds  are  to  be  erected,  130  feet  long 
by  30  feet  wide,  where  the  lixiviation  would  be  carried  on,  and  Avhence  the  water  would 
be  conducted  in  gutters  to  the  graduation-house.  The  sheds  are  to  be  closed  at  the  sides 
by  walls  of  pise,  and  covered  with  thatch.  No  substance  is  so  favorable  to  nitrification 
as  the  natural  stony  concretion  known  under  the  name  of  lime-tuf.  In  Touraine,  where 
it  is  used  as  a  building  stone,  the  saltpetre  makers  re-establish  the  foundations  of  old 
houses  at  their  own  expense,  provided  they  are  allowed  to  carry  off  the  old  tuf,  which  owes 
its  nitrifying  properties  not  only  to  its  chemical  nature,  but  to  its  texture,  which  being  of  a 
homogeneous  porosity,  permits  elastic  fluids  and  vapors  to  pass  through  it  freely  in  all  di- 
rections. With  the  rough  blocks  of  such  tuf,  walls  about  20  inches  thick,  and  moderately 
high,  are  to  be  raised,  upon  the  juinciples  above  prescribed  ;  in  the  absence  of  tuf,  porous 
walls  may  be  raised  with  a  mixture  of  arable  soil,  sand,  and  mortar-rubbish,  chalk  or  rich 
marl.     The  walls  ought  to  be  kept  moist. 

In  France,  the  greater  part  of  the  indigenous  saltpetre  is  obtained  by  lixiviating 
the  mortar-rubbish  of  old  buildings,  especially  of  those  upon  the  ground-floor,  and  in 
sunk  cellars;  which  are  by  law  reserved  for  this  purpose.  The  first  object  of  the 
manufacturer  is  then  to  ascertain  the  richness  of  his  materials  in  nitrous  salts,  to  see  if 
they  be  worth  the  trouble  of  working ;  and  this  point  he  commonly  determines  merely 
by  their  saline,  hitter,  and  pungent  taste,  though  he  might  readily  have  recourse  to  the 
far  surer  criteria  of  lixiviation  and  evaporation.  He  next  pounds  them  coarsely,  and 
puts  them  into  large  casks  open  at  top,  and  covered  with  straw  at  bottom  ;  which  are 
placed  in  three  successive  levels.  Water  is  poured  into  the  casks  till  they  are  full,  and 
after  12  hours'  digestion  it  is  run  ofl',  loaded  with  the  sails,  by  a  spigot  near  the  bottom. 
A  fresh  quantity  of  water  is  then  added,  and  drawn  off  after  an  interval  of  four  hours; 
even  a  third  and  fourth  lixiviation  are  had  recourse  to ;  but  these  weak  liquors  are 
reserved  for  lixiviating  fresh  rubbish.  The  contents  of  the  casks  upon  the  second  and 
third  lower  levels  are  lixiviated  with  the  liquors  of  the  upper  cask,  till  the  leys  indicate 
from  12  to  14  degrees  of  Baume's  hydrometer..  They  are  now  fit  for  evaporating  to  a 
greater  density,  and  of  then  receiving  the  dose  of  wood-ashes  requisite  to  convert  the 
materials  of  lime  and  magnesia  into  nitrate  of  potash,  with  the  precipitation  of  the 
carbonates  of  magnesia  and  lime.  The  solution  of  nitre  is  evaporated  in  a  copper 
pan,  and  as  it  boils,  the  scum  which  rises  to  the  surface  must  be  diligently  skimmed  off 
into  a  cistern  alongside.  Muriate  of  soda  being  hardly  more  soluble  in  boiling  than 
in  cold  water,  separates  during  the  concentration  of  the  nitre,  and  is  progressively 
removed  with  cullender-shaped  ladles.  The  fire  is  withdrawn  whenever  the  liquor  has 
acquired  the  density  of  80°  B. ;  it  is  allowed  to  settle  for  a  little  while,  and  is  then 
drawn  off,  by  a  lead  syphon  adjusted  some  way  above  the  bottom,  into  iron  vessels,  to 
cool  and  crystallize.  The  crystals  thus  obtained  are  set  to  drain,  then  re-dissolved  and 
re-crystallized.  The  further  purification  of  nitre,  is  fully  described  under  the  article 
Gunpowder. 

The  annual  production  of  saltpetre  in  France,  by  the  above-described  processes,  during 
the  wars  of  the  Revolution,  amounted  to  2000  tons  (2  millions  of  kilogrammes)  of  an  ar- 
ticle fit  for  the  manufacture  of  gunpowder;  of  which  seven  twentieths  were  furnished  by 
the  saltpetre  works  of  Paris  alone.  Considerably  upwards  of  six  times  that  quantity  of 
common  and  cubic  nitre  were  imported  into  the  United  Kingdom,  lor  home  consumption, 
during  the  year  ending  January  5,  1838. 

Nitrate  of  potash  crystallizes  in  six-sided  prisms,  with  four  narrow  and  two  broad 
faces:  the  last  beins;  terminated  by  a  dihedral  summit,  or  two-sided  acumination ; 
they  are  striated  lengthwise,  and  have  fissures  in  their  long  axis,  which  are  apt  to  con- 
tain mother  water.     The  spec,  gravity  of  nitre,  varies  from  1-93  to  2'00.     It  possesses 


NITRATE  OF  SILVER.  895 

a  cooling,  bitterish-pungent  taste,  is  void  of  smell,  permanent  in  the  air  when  pure, 
fuses  at  a  heat  of  about  662,  into  an  oily-looking  liquid,  and  concretes  upon  cooling 
into  a  solid  mass,  with  a  coarsely  radiating  fracture.  This  has  got  the  unmeaning 
names  of  sal-prunelle  and  mineral  crystal.  At  a  red  heat,  nitre  gives  out  at  first  a 
great  deal  of  pretty  pure  oxygen  gas ;  but  afterwards  nitrous  acid  fumes,  while  potash 
remains  in  the  retort.  It  is  soluble  in  7  parts  of  water  at  32° ;  in  about  31  at  60°  F., 
in  less  than  half  a  part  at  194°,  and  in  four  tenths  at  212°.  It  is  very  slightly  soluble 
in  spirit  of  wine,  and  not  at  all  in  absolute  alcohol.  It  causes  a  powerful  deflagration 
when  thrown  upon  burning  coals ;  and  when  a  mixture  of  it  with  sulphur  is  thrown  into 
a  red-hot  crucible,  a  very  vivid  light  is  emitted.  Its  constituents  are,  46'55  potash,  and 
53 '45  nitric  acid. 

Nitre  is  applied  to  many  purposes; — 1.  to  the  manufacture  of  gunpowder;  2.  to  that 
of  sulphuric  acid ;  3.  to  that  of  nitric  acid,  though  nitrate  of  soda  or  cubic  nitre  has  lately 
superseded  this  use  of  it  to  a  considerable  extent ;  4.  to  that  of  flint-glass ;  5.  it  is  used 
in  medicine ;  6.  for  many  chemical  and  pharmaceutical  preparations ;  7.  for  procuring 
by  deflagration  with  charcoal  or  cream  of  tartar,  pure  carbonate  of  potash,  as  also  black 
and  white  fluxes  ;  8.  for  mixing  with  salt  in  curing  butcher  meat ;  9.  in  some  countries 
for  sprinkling  in  solution  upon  grain,  to  preserve  it  from  insects ;  10.  for  making  fire- 
works.    See  Fire-works. 

An  account  of  the  quantities  of  Saltpetre  and  Cubic  Nitre  imported  into,  exported  from 
and  retained  for  consumption  in  the  United  Kingdom.     Duty  6d.  per  cwt : — 

Imported  in  Exported  iu  Retained  for  consumption  in 

1835.         1836.         1837.         1835.       1836.       1837.       1835.         1836.         1837. 
cwts.  264,338;  279,902;  349,993.  73,379;  38,414;  93,024.204,580;  242,131;  256,969. 
Duty  received  in  1837,  £6,424. 

NITRATE  OF  SILVER  {Nitrate  d'argent,  Fr. ;  Silbersalpeter,  Germ.),  is  pre- 
pared by  saturating  pure  nitric  acid  of  specific  grav.  1'25  with  pure  silver,  evaporating 
the  solution,  and  crystaUizing  the  nitrate.  When  the  drained  crystals  are  fused  in  a 
platina  capsule,  and  cast  into  slender  cylinders  in  silver  moulds,  they  constitute  the 
lunar  caustic  of  the  surgeon.  This  should  be  white,  and  unchangeable  by  light.  It  is 
deliquescent  in  moist  air.  The  crystals  are  colorless,  transparent  4  and  6  sided  tables ; 
they  possess  a  bitter,  acrid,  and  most  disagreeable  metallic  taste ;  they  dissolve  in  their 
own  weight  of  cold,  and  in  much  less  of  hot  water;  are  soluble  in  four  parts  of  boiling 
alcohol,  but  not  in  nitric  acid ;  they  deflagrate  on  redhot  coals,  like  all  the  nitrates ; 
and  detonate  with  phosphorus  when  the  two  are  struck  together  upon  an  anvil.  They 
consist  of  68-2  of  oxyde,  and  31*8  of  acid.  Nitrate  of  silver,  when  swallowed,  is  a  very 
energetic  poison ;  but  it  may  be  readily  counteracted,  by  the  administration  of  a  dose 
of  seasalt,  which  converts  the  corrosive  nitrate  into  the  inert  chloride  of  silver. 
Animal  matter,  immersed  in  a  weak  solution  of  neutral  nitrate  of  silver,  will  keep 
unchanged  for  any  length  of  time ;  and  so  will  polished  iron  or  steel.  Nitrate  of 
silver  is  such  a  delicate  reagent  of  hydrochloric  or  muriatic  acid,  as  to  show  by  a 
sensible  cloud,  the  presence  of  one  1 13  millionth  part  of  it,  or  one  7  millionth  part  of 
sea-salt  in  distilled  water.  It  is  much  used  under  the  name  of  indelible  ink,  for 
writing  upon  linen  with  a  pen  ;  for  which  purpose  one  drachm  of  the  fused  salt  should  be 
dissolved  in  three  quarters  of  an  ounce  of  water,  adding  to  the  solution  as  much  water 
of  ammonia  as  will  re-dissolve  the  precipitated  oxyde,  with  sap-green  to  color  it,  and 
gum-water  to  make  the  volume  amount  to  one  ounce.  Traces  written  with  this  liquid 
should  be  first  heated  before  a  fire  to  expel  the  excess  of  ammonia,  and  then  exposed  to 
the  sun-beam  to  blacken.  Another  mode  of  using  nitrate  of  silver  as  an  indelible  ink, 
is  to  imbue  the  linen  first  with  solution  of  carbonate  of  soda,  to  dry  the  spot,  and  write 
upon  it  with  a  solution  of  nitrate  of  silver,  thickened  with  gum,  and  tinted  with  sap- 
green. 

NITRATE  OF  SODA,  Cubical  Nitre  (Nitrate  de  sonde,  Fr. ;  Wvrfelsalpeter, 
Germ.),  occurs  under  the  nitre  upon  the  lands  in  Spain,  India,  Chile,  and  remarkably 
in  Peru,  in  the  districts  of  Atacama  and  Taracapa,  where  it  forms  a  bed  several  feet 
thick.  It  appears  in  several  places  upon  the  surface,  and  extends  over  a  space  of  more 
than  40  leagues,  approaching  near  to  the  frontiers  of  Chile.  It  is  sometimes  efflo- 
rescent, sometimes  crystallized,  but  oftener  confusedly  mixed  with  clay  and  sand. 
This  immensely  valuable  deposite  is  only  three  days'  journey  from  the  port  of  Con- 
ception in  Chile,  and  from  Iquiqui,  another  harbor  situated  in  the  southern  part  of 
Peru. 

Nitrate  of  soda  may  be  artificially  prepared  by  neutralizing  nitric  acid  with  soda,  and 
crystallizing  the  solution.  It  crystallizes  in  rhomboids,  has  a  cooling,  pungent,  bitterish 
taste,  less  disagreeable  than  nitre ;  it  becomes  moist  in  the  air ;  dissolves  in  3  parts  of 
water  at  60°  F.,  in  less  than  I  part  of  boiling  water;  deflagrates  more  slowly  than  nitre, 
and  with  an  orange  yellow  flame.     It  consists,  in  its  dry  state,  of  36-6  soda  and63-4  nitric 
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acid ;  but  its  crystals  contain  one  prime  equivalent  of  water ;  hence  they  ar*  composed 
of,  acid  56-84,  base  33-68,  water  9-47. 

It  is  susceptible  of  the  same  applications  as  nitre,  with  the  exception  of  making  gun- 
powder ;  for  which  it  is  not  adapted,  on  account  of  its  deliquescent  property. 

NITRATE  OF  STRONTIA.  {Nitrate  de  Strontiane,  Fr. ;  SalpetcrsaUrer  strontian, 
Germ.)  This  salt  is  usually  prepared  from  the  sulphuret  of  strontium,  obtained  by  de- 
composing sulphate  of  strontia  with  charcoal,  by  strong  ignition  of  the  mixed  powders  in 
a  crucible.  This  sulphuret  being  treated  with  water,  and  the  solution  being  filtered,  is 
to  be  neutralized  with  nitric  acid,  as  indicated  by  the  test  of  turmeric  paper ;  care  being 
taken  to  avoid  breathing  the  noxious  sulphureted  hydrogen  gas,  which  is  copiously  disen- 
gaged. The  neutral  nitrate  being  properly  evaporated  and  set  aside,  affords  colorless, 
transparent,  slender  octahedral  crystals.  It  has  a  cooling,  yet  somewhat  acrid  taste;  is 
soluble  in  5  parts  of  cold,  and  in  one  half  part  of  boiling  water,  as  also  in  alcohol ;  is 
permanent  in  the  air,  deflagrates  upon  burning  coals,  gives  ofl'  oxygen  when  calcined, 
and  leaves  caustic  strontia.  The  salt  consists  of  48-9  strontia  and  51'1  nitric  acid.  That 
salt  is  anhydrous  ;  but  there  is  another  variety  of  it,  which  contains  nearly  40  per  cent, 
of  water  of  crystallization,  which  occurs  in  large  octahedrons.  This  is  preferred  for  fire- 
works, because  by  efflorescence  it  is  easily  obtained  in  a  fine  powder,  which  mixes  more 
intimately  with  the  chlorate  of  potash  and  charcoal,  for  the  composition  of  the  brilliant 
red  fires,  now  so  much  admired  in  theatrical  conflagrations. 

NITRIC  ACID,  Jlqudfortis  (Jlcide  nitrique,  Fr. ;  Salpetersaijre,  Germ.),  exists,  in  com 
bination  with  the  bases,  potash,  soda,  lime,  magnesia,  in  both  the  mineral  and  vegetable 
kingdoms.  This  acid  is  never  found  insulated.  It  was  distilled  from  saltpetre  so  long 
ago  as  the  13th  century,  by  igniting  that  salt,  mixed  with  copperas  or  clay,  in  a  retort. 
Nitric  acid  is  generated  when  a  mixture  of  oxygen  and  nitrogen  gases,  confined  over 
water  or  an  alkaline  solution,  has  a  series  of  electrical  explosions  passed  through  it.  In 
this  way  the  salubrious  atmosphere  may  be  converted  into  corrosive  aquafortis.  When 
a  little  hydrogen  is  introduced  into  the  mixed  gases,  standing  over  water,  the  chemical 
agency  of  the  electricity  becomes  more  intense,  and  the  acid  is  more  rapidly  formed  from 
its  elements,  with  the  production  of  some  nitrate  of  ammonia. 

Nitric  acid  is  usually  made  on  the  small  scale  by  distilling,  with  the  heat  of  a  sand- 
bath,  a  mixture  of  3  parts  of  pure  nitre,  and  2  parts  of  strong  sulphuric  acid,  in  a  large 
glass  retort,  connected  by  a  long  glass  tube  with  a  globular  receiver  surrounded  by  cold 
water.  By  a  well-regulated  distillation,  a  pure  acid,  of  specific  gravity  1-500,  may  be 
thus  obtained,  amounting  in  weight  to  about  two  thirds  of  the*  nitre  employed.  To 
obtain  easily  the  whole  nitric  acid,  equal  weights  of  nitre  and  concentrated  sulphuric 
acid  may  be  taken  ;  in  which  case  but  a  moderate  heat  need  be  applied  to  the  retort. 
The  residuum  wiU  be  bisulphate  of  potash.  When  only  the  single  equivalent  propor- 
tion of  sulphuric  acid  is  used,  namely,  48  parts  for  100  of  nitre,  a  much  higher  heat  is 
required  to  complete  the  distillation,  whereby  more  or  less  of  the  nitric  acid  is  decomposed, 
while  a  compact  neutral  sulphate  of  potash  is  left  in  the  retort,  very  difiicult  to  remove 
by  solution  in  water,  and  therefore  apt  to  destroy  the  vessel. 

Aquafortis  is  manufactured  upon  the  great  scale  in  iron  pots  or  cylinders  of  the  same 
construction  as  I  have  described  under  muriatic  acid.  The  more  concentrated  the  sul- 
phuric acid  is,  the  less  corrosively  will  it  act  upon  the  metal ;  and  it  is  commonly  used 
in  the  proportion  of  one  part  by  weight  to  two  of  nitre.  The  salt  being  introduced  into 
the  cool  retort,  and  the  lid  being  luted  tight,  the  acid  is  to  be  slowly  poured  in  through 
the  aperture  f,  Jig.  748  ;  while  the  aperture  g  is  connected  by  a  long  glass  tube  with  a 
range  of  balloons  inserted  into  each  other,  and  laid  upon  a  sloping  bed  of  sand.  The 
bottle  i,  with  3  tubulures  partly  filled  with  water,  which  is  required  for  condensing 
muriatic  acid  gas,  must,  for  the  present  purpose,  be  replaced  by  a  series  of  empty  receiv- 
ers, either  of  glass  or  salt-glazed  stoneware.  The  cylinders  should  be  only  half  filled, 
and  be  worked  off  by  a  gradually  raised  heat. 

Commercial  aquafortis  is  very  generally  contaminated  with  sulphuric  and  muriatic 
acids,  as  also  with  alkaline  sulphates  and  muriates.  The  quantity  of  these  salts  may  be 
readily  ascertained  by  evaporating  in  a  glass  capsule  a  given  weight  of  the  aquafortis  ; 
while  that  of  the  muriatic  acid  may  be  determined  by  nitrate  of  silver  ;  and  of  sulphuric 
acid,  by  nitrate  of  baryta.  Aquafortis  may  be  purified  in  a  great  measure,  by  re-distilla- 
tion at  a  gentle  heat;  rejecting  the  first  liquid  which  comes  over,  as  it  contains  the 
chlorine  impregnation  ;  receiving  the  middle  portion  as  genuine  nitric  acid  ;  and  leaving 
a  residuum  in  the  retort,  as  being  contaminated  with  sulphuric  acid. 

Since  nitrate  of  soda  has  been  so  abundantly  imported  into  Europe  from  Peru,  it  has 
been  employed  by  many  manufacturers  in  preference  to  nitre  for  the  extraction  of  nitric 
acid,  because  it  is  cheaper,  and  because  the  residuum  of  the  distillation,  being  sulphate 
of  soda,  is  more  readily  removed  by  solution  from  glass  retorts,  when  a  range  of  these 
set  in  a  gallery  furnace  is  the  apparatus  employed.  Nitric  acid  of  specific  gravity  1-47 
may  be  obtained  colorless ;  but  by  further  concentration  a  portion  of  it  is  decomposed 
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whereby  some  nitrous  acid  is  produced,  which  gives  it  a  straw-yellow  tinge.  At  this 
strength  it  exhales  white  or  orange  fumes,  which  have  a  peculiar,  though  not  very  disa- 
greeable smell ;  and  even  when  largely  diluted  Avith  water,  it  tastes  extremely  sour.  The 
greatest  density  at  which  it  can  be  obtained  is  1-51  or  perhaps  1-52,  at  60°  F.,  in  which 
state,  or  even  when  much  weaker,  it  powerfully  corrodes  all  animal,  vegetable,  and  most 
fiietallic  bodies.  When  slightly  diluted  it  is  applied,  with  many  precautions,  to  silk  and 
woollen  stuffs,  to  stain  them  of  a  bright  yellow  hue.     See  Calico-printing,  page  246. 

In  the  dry  state,  as  it  exists  in  nitre,  this  acid  consists  of  26-15  parts  by  weight  of  azote, 
and  73-85  of  oxygen  ;  or  of  2  volumes  of  the  first  gas,  and  5  volumes  of  the  second. 

When  of  specific  gravity  15,  it  boils  at  about  210°  Fahr, ;  of  1-45,  it  boils  at  about 
240";  of  1-42,  it  boils  at  253°  ;  and  of  1-40,  at  246°  F.  If  an  acid  stronger  than  1-420 
be  distilled  in  a  retort,  it  gradually  becomes  weaker;  and  if  weaker  than  1-42,  it  gradu- 
ally becomes  stronger,  till  it  assumes  that  standard  density.  Acid  of  specific  gravity 
1*485  has  no  more  action  upon  tin  than  water  has,  though  when  either  stronger  or 
weaker  it  oxydizes  it  rapidly,  and  evolves  fumes  of  nitrous  gas  with  explosive  violence. 
In  my  two  papers  upon  nitric  acid  published  in  tlie  fourth  and  sixth  volumes  of  the 
Journal  of  Science  (1818  and  1819),  I  investigated  the  chemical  relations  of  these  phe- 
nomena. Acid  of  1-420  consists  of  1  atom  of  dry  acid,  and  4  of  water;  acid  of  1-485, 
of  1  atom  of  dry  acid,  and  2  of  water;  the  latter  compound  possesses  a  stable  equi- 
librium as  to  chemical  agency;  the  former  as  to  calorific.  Acid  of  specific  gravity  1-334, 
consisting  of  7  atoms  of  water,  and  1  of  dry  acid,  resists  the  decomposing  agency  of 
light.  Nitric  acid  acts  with  great  energy  upon  most  combustible  substances,  simple  or 
compound,  giving  up  oxygen  to  them,  and  resolving  itself  into  nitrous  gas,  or  even  azote. 
Such  is  the  result  of  its  action  upon  hydrogen,  phosphorus,  sulphur,  charcoal,  sugar, 
gum,  starch,  silver,  mercury,  copper,  iron,  tin,  and  most  other  metals. 
A  Table  of  Nitric  Acid,  by  Dr.  Ure. 
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NITROGEN,  DEUTOXYDE  OF ;  Nitrous  gas,  Nitric  oxyde  {Deutoxyde  d'azote,  Fr.  .- 
Stichstoffoxyd,  Germ.)  is  a  caseous  body  which  may  be  obtained  by  pouring  upon  copper 
or  mercury,  in  a  retort,  nitric  acid  of  moderate  strength.  The  nitrous  gas  comes  over  in 
abundance  without  the  aid  of  heat,  and  may  be  received  over  water  freed  fi-om  air  or 
over  mercury,  in  the  pneumatic  trough.  It  is  elastic  and  colorless;  what  taste  and  smell 
it  possesses  are  unknown,  because  the  moment  it  is  exposed  to  the  mouth  or  nostrils  it 
absorbs  atmospherical  oxysen,  and  becomes  nitrous  or  nitric  acid.  Its  specific  gravity  is 
1-0393,  or  1-04;  whence  100  cubic  inches  wei^h  36-66  gr.  Water  condenses  not  more 
than  -L.  of  its  volume  of  this  gas.  It  extinguishes  animal  life,  and  the  flame  of  many 
combustibles;  but  of  phosphorus  well  Jcindled,  it  brightens  the  flame  in  a  most  remark- 
able degree.     It  consists  of  47  parts  of  nitrogen  gas,  and  53  of  oxygen  gas.  by  weight  • 

57 
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and  of  equal  parts  in  bulk,  -without  any  condensation  ;  so  that  the  specific  gravity  of 
deutoxyde  of  nitrogen  is  the  arithmetical  mean  of  the  two  constituents.  The  constitu- 
tion of  this  gas,  and  the  play  of  affinities  which  it  exercises  in  the  formation  of  sulphuric 
acid,  are  deeply  interesting  to  the  chemical  manufacturer. 

The  Hyponitrous  acid  {SalpetrigesaMre,  Germ.),  like  the  preceding  compound,  deserves 
notice  here,  on  account  of  the  part  it  plays  in  the  conversion  of  sulphur  into  sulphuric 
acid,  by  the  agency  of  nitre.  It  is  formed  by  mingling  four  volumes  of  deutoxyde  of 
nitrosen  with  one  volume  of  oxygen  ;  and  appears  as  a  dark  orange  vapor  which  is  con- 
densable into  a  liquid  at  a  temperature  of  4°—  zero,  Fahr.  When  distilled,  this  liquid 
leaves  a  dark  yellow  fluid.  The  pure  hyponitrous  acid  consists  of  37-12  nitrogen,  and 
fi2-88  oxygen  ;  or  of  two  volumes  of  the  first,  and  three  of  the  second.  Water  converts 
it  into  nitric  acid  and  deutoxyde  cf  nitrogen;  the  latter  of  wbich  escapes  with  efferves- 
cence. This  acid  oxydizes  most  combustible  bodies  with  peculiar  energy ;  and  though 
its  vapor  does  not  operate  upon  dry  sulphurous  acid,  yet,  through  the  agency  of  steam, 
it  converts  it  into  sulphuric  acid,  itself  being  simultaneously  transformed  into  deutoxyde 
of  nitrogen ;  ready  to  become  hyponitrous  acid  again,  and  to  perform  a  circulating  series 
of  important  metamorphoses.     Sec  Sulphuric  Acid. 

NITROGEN  GAS,  or  AZOTE  (Eng.  and  Fr.;  Sticksfoffgas,  Germ.),  constitutes 
about  79  hundredths  of  the  bulk  of  the  atmospheric  air ;  it  is  copiously  disengaged  from 
several  mineral  springs,  as  from  the  natural  basins  of  hot  water  which  supply  the  baths 
of  Leuk,  near  the  Gemmi  in  Switzerland,  and  from  other  springs,  in  the  Pyrenees,  in 
Ceylon,  South  and  North  America,  &c.  It  exists  also  in  flesh  and  most  animal  sub- 
stances, as  well  as  in  some  vesefable  products,  being  one  of  their  essential  constituents. 
When  phosphorus  is  burnt  within  a  jar  filled  with  air,  standing  over  water  in  the  pneu- 
matic trough,  it  consumes  or  absorbs  the  oxygen,  and  leaves  nitrogen,  which  may  be  ren- 
dered pure  by  agitation  with  water.  By  exposing  nitrite  of  ammonia  to  heat  in  a  retort, 
nitrogen  comes  over  alone  in  great  abundance ;  for  the  hydrogen  of  the  ammonia  is  suf- 
ficient to  saturate  the  oxygen  of  the  acid,  and  to  convert  it  into  water;  while  the  nitro- 
gen of  both  constituents  is  set  at  liberty.  By  transmitting  chlorine  through  water  of 
ammonia,  or  digestins;  lean  flesh  in  warm  nitric  acid,  nitrogen  may  also  be  obtained. 
This  permanently  elastic  gas  is  destitute  of  color,  taste,  and  smell;  it  has  a  specific  gra- 
vity of  0-976,  air  being  1-000.  Hence  100  cubic  inches  of  it  weigh  29-7  gr.  It  extin- 
guishes all  burning  bodies,  and  when  respired  without  oxygen  is  fatal  to  animal  life. 

NITROGEN,  PROTOXYDE  OF,  Nitrous  oxyde  {Protoxyde  d'azote,  Fr. ;  Stickstoff- 
oxydul,  Germ.),  is  a  gas  which  displays  remarkable  powers  when  breathed,  causing  in 
many  persons  unrestrainable  feelings  of  exhilaration,  whence  it  has  been  called  the  laugh- 
ing or  intoxicating  gas.  It  is  prepared  by  exposing  crystallized  nitrate  of  ammonia  to  a 
heat  of  about  350°  Fahr.  in  a  glass  retort.  It  is  much  denser  than  the  air  of  the  atmo- 
sphere, having  a  spec.  grav.  of  1-527 ;  whence  100  cubic  inches  weigh  46-6  grains.  It 
consists  of  63-64  parts  of  nitrogen,  and  36-36  of  oxygen,  by  weight ;  or  of  two  volumes  of 
nitrogen  and  one  volume  of  oxygen,  condensed  by  reciprocal  attraction  into  two  volumes. 
It  is  colorless,  and  possesses  all  the  mechanical  properties  of  the  atmosphere.  Water 
previously  freed  from  air  absorbs  its  own  volume  of  this  gas ;  and  thus  affords  a  ready 
criterion  for  estimating  its  freedom  from  incondensable  gases,  as  oxygen,  nitrogen,  and 
its  deutoxyde.  Several  combustibles  burn  in  this  gas  with  an  enlarged  blue  and  very 
vivid  flame ;  and  it  relumes  a  taper  which  has  been  blown  out,  provided  its  tip  be  red- 
hot.     By  powerful  pressure  it  may  be  liquefied.     See  Gas. 

NITRO-MURIATIC  ACID,  Jqna  regia  (Jcidc  mtro-nmriatique,  Fr. ;  Salpctcr  sah- 
saiire,  Kimissu-asser,  Germ.)  is  the  compound  menstruum  invented  by  the  alchemists  foi 
dissolving  gold.  If  strong  nitric  acid,  orange-colored  by  saturation  with  nitrous  gas 
(deutoxyde  of  azote),  be  mixed  with  the  strongest  liquid  muriatic  acid,  no  other  effect  is 
produced  than  might  be  expected  from  the  action  of  nitrous  acid  of  the  same  strength 
upon  an  equal  quantity  of  water;  nor  has  the  mixed  acid  so  formed  any  power  of 
acting  upon  gold  or  platina.  But  if  colorless  aquafortis  and  ordinary  muriatic  acid  be 
mixed  together,  the  mixture  imm.ediately  becomes  yellow,  and  acquires  the  power  of 
dissolving  these  two  noble  metals.  When  gently  heated,  pure  chlorine  gas  rises 
from  it,  and  its  color  becomes  deeper :  when  further  heated,  chlorine  still  rises,  but  now 
mixed  with  nitrous  acid  gas.  If  the  process  has  been  very  long  continued,  till 
the  color  becomes  very  dark,  no  more  chlorine  can  be  procured,  and  the  liquor  has  lost 
the  power  of  dissolving  gold.  It  then  consists  of  nitrous  and  muriatic  acids.  It  appears, 
therelore,  that  aqua  regia  owes  its  peculiar  properties  to  the  mutual  decomposi- 
tion of  the  nitric  and  muriatic  acids ;  and  that  water,  chlorine,  and  nitrous  acid  gas  are 
the  results  of  that  reaction.  Aqua  regia  does  not,  strictly  speaking,  oxydize  gold 
and  platinum ;  it  causes  merely  their  combination  with  chlorine.  It  may  be  composed 
of  very  different  proportions  of  the  two  acids;  the  nitric  being  commonly  of  specific 
gravity  1-34;  the  muriatic,  of  specific  gravity  1-18  or  1-19.  Sometimes  3  parts,  and 
at  others  6  parts  of  the  muriatic  acid  are  mixed  with  1  of  nitric  ;  and  occasionally  mu- 
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riate  of  ammonia,  instead  of  muriatic  acid,  is  added  to  nitric  acid  for  particular  purposes, 
as  for  making  a  solution  of  tin  for  the  dyers.  An  aqua  regia  may  also  be  prepared  by 
dissolving  nitre  in  muriatic  acid. 

NITROUS  ACID  (Jcide  nitreux,  Fr. ;  Salpetrige  salpetersailre,  Germ.)  may  be  pro- 
cured  by  distilling,  in  a  coated  glass  retort,  perfectly  dry  nitrate  of  lead,  into  a  glass  re- 
ceiver surrounded  with  a  freezing  mixture.  The  acid  passes  over  in  vapor,  and  condenses 
into  a  liquid ;  oxygen  gas  escapes  through  the  safety  tube  ;  while  oxyde  of  lead  remains 
in  the  bottom  of  the  retort.  Nitrous  acid  may  also  be  obtained  by  distilling  strong  fuming 
nitric  acid,  at  the  lowest  possible  temperature,  and  rectifying  what  comes  over.  At  4° — 
zero,  Fahr.,  this  acid  is  colorless ;  at  32^  it  is  wax  yellow;  at  60°  it  has  an  orange  hue. 
It  possesses  a  strong  smell,  has  a  vei-y  pungent,  acrid,  sour  taste,  and  a  specific  gravity 
of  1-42.  It  powerfully  decomposes  organic  bodies,  staining  them  yellow.  It  boils  at  82° 
Fahr.  with  the  disengagement  of  red  or  orange  fumes.  Its  constituents  are,  41*34  of 
hyponitrous  acid,  and  58-66  of  anhydrous  nitric  acid  ;  or  ultimately,  30-68  nitrogen  =  1 
volume,  and  69*32  oxygen  —  2  volumes.  In  its  other  habitudes,  it  is  quite  analogous  to 
hyponitrous  acid. 

A  mixture  of  this  double  or  compound  acid  with  nitric  acid,  constitutes  the  orange- 
brown  fuming  nitrous  acid  of  the  British  apothecaries. 

The  hyponitrous  and  nitrous  are  two  acids  remarkable  for  containing  no  water  in  their 
composition  ;  being  therefore  dry  liquids. 

NOPAL  is  the  Mexican  name  of  the  plant  cactus  opuntia,  upon  which  the  cochineal 
insect  breeds. 

NUTMEG  (Muscade,  Fr. ;  Muskatennuss,  Germ.)  is  the  fruit  of  the  myristica 
moschata,  a  beautiful  tree  of  the  family  of  the  laurinece  of  Jussieu,  which  grows  in  the 
Molucca  islands.  All  the  parts  of  this  tree  are  very  aromatic  ;  but  only  those  portions 
of  the  fi-uit  called  mace  and  nutmeg  are  sent  into  the  market.  The  entire  fruit  is  a 
species  of  drupa,  of  an  ovoid  form,  of  the  size  of  a  peach,  and  furrowed  longitudinally. 
The  nutmeg  is  the  innermost  kernel,  or  seed,  contained  in  a  thin  shell,  which  is  surround- 
ed by  the  mace ;  and  this  again  is  enclosed  in  a  tough  fleshy  skin,  which  opening  at  the 
tip,  separates  into  two  valves.  The  nutmeg  tree  yields  three  crops  annually ;  one  in 
April,  which  is  the  best ;  one  in  August ;  and  one  in  December. 

Good  nutmegs  should  be  dense,  and  feel  heavy  in  the  hand.  When  they  have  been 
perforated  by  worms,  they  feel  light,  and  though  the  holes  have  been  fraudulently  stopped, 
the  unsound  ones  may  easily  be  detected  by  this  criterion. 

Nutmegs  afford  two  oily  products.  1.  Butter  of  nutmeg,  vulgarly  called  oil  of  mace,  is 
obtained  in  the  Moluccas,  by  expression,  from  the  fresh  nutmegs,  to  the  amount  of  50  per 
cent,  of  their  weight.  It  is  a  reddish  yellow  butter-like  substance,  interspersed  with  light 
and  dark  streaks,  and  possesses  the  agreeable  smell  and  taste  of  the  nutme?,  from  the 
presence  of  a  volatile  oil.  It  consists  of  two  fats  ;  one  reddish  and  soft,  soluble  in  cold 
alcohol;  another  white  and  solid,  soluble  in  hot  alcohol.  2.  The  volatile  oil  is  solid,  or 
a  sf.ereoptene,  and  has  been  styled  Myristicine. 
NUT  OIL.     See  Oils,  Unctuous.  ^ 

NUX,  VOMICA,  a  poisonous  nut,  -remarkable  for  containing  the  vegeto-alkah 
Strychnia. 


0. 

OAK  BARK.     See  Tan. 

OATS.  {Jvoine,  Fr. ;  Hafer,  Germ.)  The  composition  of  oats  is  less  known  than 
that  of  the  other  Cerealia.  Vogel  found  that  100  parts  of  oats  afforded  66  parts  of 
flour  or  meal,  and  34  parts  of  bran  ;  but  this  proportion  would  depend  upon  the  quality 
of  the  grain.  The  flour  contains  2  parts  of  a  greenish-yellow  fat  oil ;  8  25  of  bitterish 
sweet  extractive ;  2*5  of  gum ;  4*30  of  a  gray  substance,  more  like  coagulated  albumen 
than  gluten  ;  59  of  starch  ;  24  of  moisture  (inclusive  of  the  loss).  Schrader  found  in  the 
ashes  of  oats,  silica,  carbonate  of  lime,  carbonate  of  magnesia,  alumina,  with  oxydes  of 
manganese  and  iron. 

OBSIDIAN  is  a  glassy  looking  mineral,  with  a  large  conchoidal  fracture,  and  of  a 
blackish  color,  which  froths  much  at  the  blow-pipe  before  it  melts  into  a  white  enamel. 

OCHRE,  yellow  and  brown  (Ocre,  Fr. ;  Ocker,  Germ.),  is  a  native  earthy  mixture 
of  silica  and  alumina,  colored  by  oxyde  of  iron,  with  occasionally  a  little  calcareous 
matter  and  magnesia.  Ochre  occurs  in  beds  some  feet  thick,  which  lie  generally  above 
the  oolite,  are  covered  by  sandstone  and  quartzose  sands  more  or  less  ferruginous,  and 
are  accompanied  by  gray  plastic  clays,  of  a  yellowish  or  reddish  color;  all  of  them 
substances  which  contribute  more  or  loss  to  its  formation.  The  ochry  earths  are  pre- 
pared for  use  by  grinding  under  edge  millstones,  and  elutriation.      The  yellow  ochres 
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may  be  easily  rendered  red  or  reddish  brown  by  calcination  in  a  reverberatory  oven, 
which  oxydizes  their  iron  to  a  higher  degree. 

Native  red  ochre  is  called  red  chalk  and  reddle  in  England.  It  is  an  intimate  mixture 
of  clay  and  red  iron  ochre ;  is  massive  ;  of  an  earthy  fracture  :  is  brownish-red,  blood- 
red  stains  and  Avrites  red.  The  oxyde  of  iron  is  sometimes  so  considerable,  that  the 
ochre  may  be  reckoned  an  ore  of  that  metal. 

The  ochre  beds  of  England  are  in  the  iron  sand,  the  lowest  of  the  formations  which 
intervene  between  the  chalk  and  oolites.  Beds  of  fuller's  earth  alternate  with  the  iron 
sand.     The  following  is  a  section  of  the  ochre  pits  at  Shotover  Hill,  near  Oxford : — 

Beds  of  highly  ferruginous  grit,  forming  the  summit  of  the  hill     .  6  feet. 

Gray  sand 3  do. 

Ferruginous  concretions 1 

Yellow  sand 6 

Cream  colored  loam 4 

Ochre 0  6  inches. 

Beneath  this,  there  is  a  second  bed  of  ochre,  separated  by  a  thin  bed  of  clay. 

Bole,  or  Armenian  bole ;  called  also  Lemnian  earth,  and  terra  sigillafa,  because  when 
refined  it  was  stamped  with  a  seal ;  is  massive,  with  a  conchoidal  fracture,  a  feeble  lustre, 
reddish-yellow  or  brown,  a  greasy  feel ;  adheres  to  the  tongue,  spec.  grav.  1-4  to  2-0. 
It  occurs  in  the  island  Stalimene  (the  ancient  Lesbos),  and  in  several  other  places, 
especially  at  Sienna  ;  whence  the  brown  pigment  called  term  di  Siena. 

OILS  (Huiles,  Fr. ;  Oele,  Germ.),  are  divisible  into  two  great  classes:  the  fat  or  fixed 
oils,  huiks  grasses,  Fr.  ;  Fette  oele,  Germ. ;  and  the  essential  or  volatile  oils,  Huiles  vola- 
tiles,  Fr. ;  Flilchtige,  aetherische  oele.  Germ.  The  former  are  usually  bland  and  mild  to 
the  taste ;  the  latter  hot  and  pungent.  The  term  distilled,  applied  also  to  the  last  class, 
is  not  so  correct,  since  some  of  them  are  obtained  by  expression,  as  the  whole  of  the  first 
class  may  be,  and  commonly  are. 

All  the  known  fatty  substances  found  in  organic  bodies,  without  reference  to  their 
vegetable  or  animal  origin,  are,  accordins;  to  their  consistence,  arranged  under  the  chemical 
heads  of  oils,  butters,  and  tallows.  They  all  possess  the  same  ultimate  constituents, 
carbon,  hydrogen,  and  generally  oxysen,  and  in  nearly  the  same  proportions. 

The  fat  oils  are  widely  distributed  through  the  organs  of  vegetable  and  animal  nature. 
They  are  found  in  the  seeds  of  many  plants,  associated  with  mucilage,  especially  in  those 
of  the  bicotyledinous  class,  occasionally  in  the  fleshy  pulp  surrounding  some  seeds,  as 
the  olive ;  also  in  the  kernels  of  many  fruits,  as  of  the  nut  and  almond  tree,  and  finally 
in  the  roots,  barks,  and  other  parts  of  plants.  In  animal  bodies,  the  oily  matter  occurs 
enclosed  in  thin  membraneous  cells,  between  the  skin  and  the  flesh,  between  the  muscular 
fibres,  within  the  abdominal  cavity  in  the  omentum,  upon  the  intestines,  and  round  the 
kidneys,  and  in  a  bony  receptacle  of  the  scull  of  the  spermaceti  whale;  sometimes  in 
special  organs,  as  of  the  beaver ;  in  the  gall-bladder,  &c.,  or  mixed  in  a  liquid  state  with 
other  animal  matters,  as  in  the  milk. 

Braconnot,  but  particularly  Raspail,  have  shown  that  animal  fats  consist  of  small 
microscopic,  partly  polygonal,  and  partly  reniform  particles,  associated  by  means  of  their 
containing  sacs.  These  may  be  separated  from  each  other  by  tearing  the  recent  fat  asunder, 
rinsing  it  with  water,  and  passing  it  through  a  sieve.  The  membranes  being  thus  retain- 
ed, the  granular  particles  are  observed  to  float  in  the  water,  and  afterwards  to  separate, 
like  the  globules  of  starch,  in  a  white  pulverulent  semi-crystalline  form.  The  particles 
consist  of  a  strong  membraneous  skin,  enclosing  stearine  and  elaine,  or  solid  and  liquid  fat, 
which  may  be  extracted  by  trituration  and  pressure.  These  are  lighter  than  water,  but 
sink  readily  in  spirit  of  wine.  When  boiled  in  strong  alcohol,  the  oily  principle  dissolves, 
but  the  fatty  membrane  remains.  These  granules  have  different  sizes  and  shapes  in  dif- 
ferent animals ;  in  the  calf,  the  ox,  the  sheep,  they  are  polygonal,  and  from  JL  to  _i_ 
of  an  inch  in  diameter:  in  the  hog  they  are  kidnev-shaped,  and  from  -L  to  -i_  of  an 
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inch ;  in  man,  they  are  polygonal,  and  from  J^  to  _1—  of  an  inch ;  in  insects  they  are 
usually  spherical,  and  not  more  than  _1_  of  an  inch. 

The  following  is  a  list  of  the  Plants  which  yield  the  ordinary  Unctuous  Oils  of  commerce  : 


No. 

Plants. 

Oils. 

Spec,  g^ravity. 

1. 

2. 
3. 
4. 
5. 

Linum  usitatissum  et  perenne  -     D. 
Corylcus  avellana  )       -            -     -p 
Juglans  regia         ^       -            -        ' 
Papaver  somniferum     -            -    D. 
Cannabis  sativa            -            -    D. 

Linseed  oil    - 

Nut  oil           -            -            - 

Poppy  oil       - 
Hemp  oil        - 

0-9347 

0-9260 

0-9243 
0-9276 
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List  of  the  Plants  which  yield  the  ordinary  Unctuous  Oils  of  commeice— continued. 


1  No. 

■■ 

Plants. 

Oils. 

Spec,  gravity. 

6. 

Sesamum  orientale 

G. 

Oil  of  sesamum 

' 

7. 

Olea  Europea    -            -            . 

G. 

Olive  oil     - 

0-9176 

8. 

Amygdalus  communis   - 

G. 

Almond  oil 

0-9180 

9. 

Guilandina  mohringa    - 

G. 

Oil  of  behen  or  ben 

10. 

Cucurbila  pepo,  and  melapepo 

D. 

Cucumber  oil 

0-9231 

11. 

Fagus  silvatica 

G. 

Beech  oil    - 

0-9225 

12. 

Sinapis  nigra  el  arvensis 

G. 

Oil  of  mustard 

0-9160 

Il3. 

Helianthus  annuus  et  perennis 

D. 

Oil  of  sunflower     - 

0-9262 

'14. 

Brassica  napus  et  campestris    - 

G. 

Rape-seed  oil 

0-9136 

15. 

Ricinus  communis 

D. 

Castor  oil  - 

0-9611 

16. 

Nicotiana  tabacum  et  rustica     - 

D. 

Tobacco-seed  oil    - 

0-9232 

17. 

Prunus  domestica 

G. 

Plum-kernel  oil 

0-9127 

18. 

Vilis  vinifera    -             -             - 

D. 

Grape-seed  oil 

0-9202 

19. 

Theobroma  cacao 

G. 

Butter  of  cacao 

0-892 

20. 

Cocos  nucifera 

G. 

Cocoa-nut  oil 

21. 

Cocus  bulyracea  vel  avoiia  elais 

G. 

Palm  oil    - 

0-968 

22. 

Laurus  nobilis  -            -            - 

G. 

Laurel  oil  - 

23. 

Arachis  hypogsea 

G. 

Ground-nut  oil 

24. 

Valeria  indica  -            -            - 

G. 

Piney  tallow 

0-926       1 

25. 

Hesperis  matronalis 

D. 

Oil  of  Julienne 

0-9281 

26. 

Myagrum  sativa 

D. 

Oil  of  camelina 

0-9252 

27. 

Reseda  luteola 

D. 

Oil  of  weld-seed     - 

0-9358 

28. 

Lepidium  sativum 

D. 

Oil  of  garden  cresses 

0-9240      i 

29. 

Atropa  belladonna 

D. 

Oil  of  deadly  nightshade    - 

0-9250 

30. 

Gossypium  Barbadense 

D. 

Cotton-seed  oil 

31. 

Brassica  campestris  oleifera 

G. 

Colza  oil    - 

0-9136 

32. 

Brassica  prsecox 

G. 

Summer  rape-seed  oil 

0-9139 

33. 

Raphanus  sativus  oleifer 

G. 

Oil  of  radish-seed  - 

0-9187 

34. 

Prunus  cerasus 

G. 

Cherry-stone  oil     - 

0-9239 

35. 

Pyrus  malus      ... 

G. 

Apple-seed  oil 

36. 

Euonymus  Europseus    - 

G. 

Spindle-tree  oil 

0-9380 

37. 

Cornus  sanguinea 

G. 

Cornil-berry  tree  oil 

38. 

Cyperus  esculenta 

G. 

Oil  of  the  roots  of  cyper  grass 

0-9180 

39. 

Hyociamus  niger 

G. 

Henbane-seed  oil    - 

0-9130 

40. 

jEsculus  hippocastanum 

G. 

Horse-chestnut  oil  - 

0-927 

41. 

Pinus  abies        ... 

D. 

Pinetop  oil 

0-285 

The  fat  oils  are  contained  in  that  part  of  the  seed  which  gives  birth  to  the  cotyledons; 
they  are  not  found  in  the  plumula  and  radicle.  Of  all  the  families  of  plants,  the  cruci- 
form is  the  richest  in  oleiferous  seeds ;  and  next  to  that  are  the  drupacese,  amentacese, 
and  solanese.  The  seeds  of  the  graminese  and  leguminosas  contain  rarely  more  than  a 
trace  of  fat  oil.  One  root  alone,  that  of  the  ajperus  cscvlenia,  contains  a  fat  oil.  The 
quantity  of  oil  furnished  by  seeds  varies  not  only  with  the  species,  but  in  the  same  seed, 
with  culture  and  climate.  Nuts  contain  about  half  their  weight  of  oil ;  the  seeds  of  the 
brassica  oleracea  and  campestris,  one  third  ;  the  variety  called  colza  in  France,  two  fifths; 
hempseed,  one  fourth ;  and  linseed  from  one  fourth  to  one  fifth.  Unverdorben  states  that  a 
last  or  ten  quarters  of  linseed  yields  40  ahms  =  120  gallons  English  of  oil;  which  is  about 
1  cwt.  of  oil  per  quarter. 

The  fat  oils,  when  first  expressed  without  much  heat,  taste  merely  unctuous  on  the 
tongue,  and  exhale  the  odor  of  their  respective  plants.  They  appear  quite  neutial  by  lit- 
mus paper.  Their  fluidity  is  very  various,  some  being  solid  at  ordinary  temperatures,  and 
others  remaining  fluid  at  the  freezing  point  of  water.  Linseed  oil  indeed  does  not  con- 
geal till  cooled  from  4°  to  18°  below  0°  F.  The  snme  kind  of  seed  usually  affords  oils 
of  different  degrees  of  fusibility;  so  that  in  the  progress  of  refrigeration  one  portion  con- 
cretes before  another.  Chevreul,  who  was  the  first  to  observe  this  fact,  considers  all  the 
oils  to  be  composed  of  two  s])ecies,  one  of  which  resembles  suet,  and  was  thence  slyled  by 
him  stearine ;  and  another  which  is  liquid  at  ordinary  temperatures,  and  was  called  elaine, 
or  oleine.  By  refrigeration  and  pressure  between  the  folds  of  blotting  paper,  or  in  linen 
bags,  the  fluid  part  is  separated,  and  the  solid  remains.  By  heating  the  paper  in  water, 
the  liquid  oil  may  be  obtained  separate.  When  alcohol  is  boiled  with  the  natural  oil,  the 
greater  part  of  the  stearine  remains  undissolved. 
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Oleine  may  also  be  procured  by  digesting  the  oil  with  a  quantity  of  caustic  soda  equal 
to  one  half  of  what  is  requisite  to  saponify  the  whole  ;  the  stearine  is  first  transformed 
into  soap,  then  a  portion  of  the  oleine  undergoes  the  same  change,  but  a  great  part  of 
it  remains  in  a  pure  state.  This  process  succeeds  only  with  recently  expressed  or  very 
Iresh  oils.  The  properties  of  these  two  principles  of  the  fat  oils  vary  with  the  nature  of 
the  respective  oils,  so  that  the  sole  difference  does  not  consist,  as  many  suppose,  in  the 
different  proportions  of  these  two  bodies,  but  also  in  peculiarities  of  the  several  stearines 
and  oleines,  which,  as  extracted  from  different  seeds,  solidify  at  very  different  tempera- 
tures. 

In  close  vessels,  oils  may  be  preserved  fresh  for  a  very  long  time,  but  with  contact  of 
air  they  undergo  progressive  changes.  Certain  oils  thicken  and  eventually  dry  into  a 
transparent,  yellowish,  flexible  substance ;  which  forms  a  skin  upon  the  surface  of  the 
oil,  and  retards  its  further  alteration.  Such  oils  are  said  to  be  drying  or  siccative,  and 
are  used  on  this  account  in  the  preparation  of  varnishes  and  painters'  colors.  Other  oils 
do  not  grow  dry,  though  they  turn  thick,  become  less  combustible,  and  assume  an  ofl'en- 
sive  smell.  They  are  then  called  rancid.  In  this  state,  they  exhibit  an  acid  reaction, 
and  irritate  the  fauces  when  swallowed,  in  consequence  of  the  presence  of  a  peculiar 
acid,  which  may  be  removed  in  a  great  measure  by  boiling  the  oil  along  with  water  and 
a  little  common  magnesia  for  a  quarter  of  an  hour,  or  till  it  has  lost  the  property  of  red- 
dening litmus.  While  oils  undergo  the  above  changes,  they  absorb  a  quantity  of  oxygen 
equal  to  several  times  their  volume.  Saussure  found  that  a  layer  of  nut  oil,  one  quarter 
of  an  inch  thick,  enclosed  along  with  oxygen  gas  over  the  surface  of  quicksilver  in  the 
shade,  absorbed  only  three  times  its  bulk  of  that  gas  in  the  course  of  eight  months ;  but 
when  exposed  to  the  sun  in  August,  it  absorbed  60  volumes  additional  in  the  course  of 
ten  days.  This  absorption  of  oxygen  diminished  progressively,  and  stopped  altogether  at 
the  end  of  three  months,  when  it  had  amounted  to  145  times  the  bulk  of  the  oil.  No 
water  was  generated,  but  21-9  volumes  of  carbonic  acid  were  disengaged,  while  the  oil 
was  transformed  in  an  anomalous  manner  into  a  gelatinous  mass,  which  did  not  stain 
paper.  To  a  like  absorption  we  may  ascribe  the  elevation  of  temperature  which  happens 
when  wool  or  hemp,  besmeared  with  olive  or  rapeseed  oil,  is  left  in  a  heap  ;  circumstances 
under  which  it  has  frequently  taken  fire,  and  caused  the  destruction  of  both  cloth-mills 
and  dock-yards. 

In  illustration  of  these  accidents,  if  paper,  linen,  tow,  wool,  cotton,  mats,  straw,  wood 
shavings,  moss,  or  soot,  be  imbued  slightly  with  linseed  or  hempseed  oil,  and  placed  in 
contact  with  the  sun  and  air,  especially  when  wrapped  or  piled  in  a  heap,  they  very  soon 
become  spontaneously  hot,  emit  smoke,  and  finally  burst  into  flames.  If  linseed  oil  and 
ground  manganese  be  triturated  together,  the  soft  lump  so  formed  will  speedily  become 
firm,  and  ere  long  take  fire. 

The  fat  oils  are  completely  insoluble  in  water.  When  agitated  with  it,  the  mixture 
becomes  turbid,  but  if  it  be  allowed  to  settle  the  oil  collects  by  itself  upon  the  surface. 
This  method  of  washing  is  often  employed  to  purify  oils.  Oils  are  little  soluble  in 
alcohol,  except  at  high  temperatures.  Castor  oil  is  the  only  one  which  dissolves  in  cold 
alcohol.  Ether,  however,  is  an  excellent  solvent  of  oils,  and  is  therefore  employed  to 
extract  them  from  other  bodies  in  analysis ;  after  which  it  is  withdrawn  by  dis- 
tillation. 

Fat  oils  may  be  exposed  to  a  considerably  high  temperature,  without  undergoing 
much  alteration  ;  but  when  they  are  raised  to  nearly  their  boiling  point,  they  begin  to  be 
decomposed.  The  vapors  that  then  rise  are  not  the  oil  itself,  but  certain  products  gene- 
rated in  it  by  the  heat.  These  changes  begin  somewhere  under  600°  of  Fahr.,  and  re- 
quire for  their  continuance  temperatures  always  increasing.  The  products  consist  at  first 
in  aqueous  vapor,  then  a  veiy  inflammable  volatile  oil,  which  causes  boiling  oil  to  take 
fire  spontaneously ;  and  next  carbureted  hydrogen  gas,  with  carbonic  acid  gas.  In  a 
lamp,  a  small  portion  of  oil  is  raised  in  the  wick  by  capillarity,  which  being  heated,  boils 
and  burns.     See  Rosin-gas. 

Several  fat  oils,  mixed  with  one  or  two  per  cent,  of  sulphuric  acid,  assume  instantly 
a  dark  green  or  brown  hue,  and,  when  allowed  to  stand  quietly,  deposite  a  coloring 
matter  after  some  time.  It  consists  in  a  chemical  combination  of  the  sulphuric  acid, 
with  a  body  thus  separated  from  the  oil,  which  becomes  in  consequence  more  limpid, 
and  burns  with  a  brighter  flame,  especially  after  it  is  washed  with  steam,  and  clarified  by 
repose  or  filtration.  Any  remaining  moisture  may  be  expelled  by  the  heat  of  a  water 
bath. 

The  oils  combine  with  the  salifiable  bases,  and  give  birth  to  the  substance  called 
glycerine  (the  sweet  principle),  and  to  the  margaric,  oleic,  and  stearic  acids.  The  general 
product  of  their  combination  with  potash  or  soda,  is  Soap,  which  see.  Caustic 
ammonia  changes  the  oils  very  difficultly  and  slowly  into  a  soap ;  but  it  readily  unites 
with  them  into  a  milky   emulsion  called  volatile  liniment,  used   as  a  rubefacient   in 
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medicine.  Upon  mixing  water  with  this  liquor,  the  oil  separates  in  an  unchanged 
state.  By  longer  contact,  ammonia  acts  upon  oils  like  the  other  alkalis.  Sea  salt  dis- 
solves in  small  quantity  in  the  oils,  and  so  does  verdigris.  The  latter  solution  is  green. 
Oils  dissolve  also  several  of  the  vegetable  alkalis,  as  morphia,  cinchonia,  quinia,  strychia, 
and  delphia. 

Olive  oil  consists  of  77-2  carbon,  13-4  hydrogen,  and  9-4  oxygen,  in  100  parts.     Sperm- 
aceti oil,  by  my  analysis,  of  78-9  carbon,  10-97  hydrogen,  and  10-13  oxygen. 


Castor  oil      do.  - 

-     74-0 

10-3 

15-7 

azote. 

Stearine  of  olive  oil 

82-17 

11-23 

6-30 

0-30  Saussure. 

Oleine  of    do.     - 

-     76-03 

11-54 

12-07 

0-35     do. 

Linseed  oil 

76-01 

11-35 

12-64 

do. 

Nut  oil        -         -         - 

-     79-77 

10-57 

9-12 

0-54    do. 

Oil  of  almonds 

77-40 

11-48 

10-83 

0-29 

De  Saussure  concludes  that  the  less  fusible  fats  contain  more  carbon  and  less  oxygen, 
and  that  oils  are  more  soluble  in  alcohol,  the  more  oxygen  they  contain. 

I  shall  now  take  a  short  view  of  the  peculiai'ities  of  the  principal  expressed  oils. 

Oil  of  almonds,  according  to  Gusseron,  contains  no  stearine ;  at  least  he  could  obtain 
none  by  cooling  it  and  squeezing  it  successively  till  it  all  congealed.  Braconnot  had,  on 
the  contrary,  said,  that  it  contains  24  per  cent,  of  stearine.  I  believe  that  Gusseron  is 
right,  and  that  Braconnot  had  made  fallacious  experiments  on  an  impure  oil. 

Oil  of  colza  is  obtained  from  the  seeds  of  brassica  campestris,  to  the  amount  of  39  per 
cent,  of  their  weight.     It  forms  an  excellent  lamp  oil,  and  is  much  employed  in  France. 

The  corylus  avellana  furnishes  in  oil  60  per  cent,  of  the  weight  of  the  nuts. 

Hempseed  oil  resembles  the  preceding,  but  has  a  disagreeable  smell,  and  a  mawkish 
taste.     It  is  used  extensively  for  making  both  soft  soap  and  varnishes. 

Linseed  oil  is  obtained  in  greatest  purity  by  cold  pressure;  but  by  a  steam  heat  of 
about  200°  F.  a  very  good  oil  may  be  procured  in  larger  quantity.  The  proportion  of 
oil  usually  stated  by  authors  is  22  per  cent,  of  the  weight  of  the  seed  ;  but  Mr.  Blundell 
informs  me,  that,  by  his  plan  of  hydraulic  pressure,  he  obtains  from  26  to  27.  In  the 
Encyclopaedia  Metropolitana,  under  Oil  Press,  a  quarter  of  seed  (whose  average  weight 
is  400  lbs.)  is  said  to  yield  20  gallons  of  oil.  Now  as  the  gallon  of  linseed  oil  weighs 
9-3  lbs.,  the  total  product  will  be  186  lbs.,  which  amounts  to  more  than  45  per  cent. — an 
extravagant  statement,  about  double  the  ordinary  product  in  oil  mills.  Even  supposing 
the  gallons  not  to  be  imperial,  but  old  English,  we  should  have  upwards  of  38  per  cent, 
of  oil  by  weight,  which  is  still  an  impossible  quantity.  Such  are  the  errors  introduced 
into  respectable  books,  by  adopting  without  practical  knowledge,  the  puffing  statements 
of  a  patentee.  It  dissolves  in  5  parts  of  boiling  alcohol,  in  40  parts  of  cold  alcohol,  and 
in  1-6  parts  of  ether.  When  kept  long  cool  in  a  cask  partly  open,  it  deposites  masses  of 
white  stearine  along  with  a  brownish  powder.  That  stearine  is  very  difficult  of  saponi- 
fication. 

Mustard-seed  oil.  The  white  or  yellow  seed  affords  36  per  cent,  of  oil,  and  the  black 
seed  18  per  cent.     The  oil  concretes  when  cooled  a  little  below  32°  F. 

Nut  oil  is  at  first  greenish  colored,  but  becomes  pale  yellow  by  time.  It  congeals  at  the 
same  low  temperature  as  linseed  oil,  into  a  white  mass,  and  has  a  more  drying  quality 
than  it. 

Oil  of  olives  is  sometimes  of  a  greenish  and  at  others  of  a  pale  yellow  color.  A  few 
degrees  above  32°  F.  it  begins  to  deposite  some  white  granules  of  stearine,  especially  if 
the  oil  have  been  originally  expressed  with  heat.  At  22°  it  deposites  28  per  cent,  of  its 
weight  in  stearine,  which  is  fusible  again  at  68°,  and  affords  72  per  cent,  of  oleine. 
According  to  Kerwych,  oleine  of  singular  beauty  may  be  obtained  by  mixing  2  parts  of 
olive  oil  with  1  part  of  caustic  soda  ley,  and  macerating  the  mixture  for  24  hours  with 
frequent  agitation.  Weak  alcohol  must  then  be  poured  into  it,  to  dissolve  the  stearine 
soap,  whereby  the  oleine,  which  remains  meanwhile  unsaponified,  is  separated,  and  floats 
on  the  surface  of  the  liquid.  This  being  drawn  off,  a  fresh  quantity  of  spirits  is  to  be 
poured  in,  till  the  separation  of  all  the  oleine  be  completed.  It  has  a  slightly  yellowish 
tint,  which  may  be  removed  by  means  of  a  little  animal  charcoal  mixed  with  it  in  a  warm 
place  for  24  hours.  By  subsequent  filtration,  the  oleine  is  obtained  limpid  and  colorless, 
of  such  quality  that  it  does  not  thicken  with  the  greatest  cold,  nor  does  it  affect  either 
iron  or  copper  instruments  immersed  in  it. 

There  are  three  kinds  of  olive  oil  in  the  market.  The  best,  called  virgin  salad  oil,  is 
obtained  by  a  gentle  pressure  in  the  cold ;  the  more  common  sort  is  procured  by 
stronger  pressure,  aided  with  the  heat  of  boiling  water;  and  thirdly,  an  inferior  kind, 
by  boiling  the  olive  residuum  or  marc,  with  water,  whereby  a  good  deal  of  mucilaginous 
oil  rises  and  floats  on  the  surface.  The  latter  serves  chiefly  for  making  soaps.  A  still 
worse  oil  is  got  by  allowing  the  mass  of  bruised  olives  to  ferment  before  subjecting  it  to 
pressure. 
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Oil  of  olives  is  refined  for  the  -watchmakers  by  the  following  simple  process.  Into  a 
bottle  or  vial  containing  it,  a  slip  of  sheet  lead  is  immersed,  and  the  bottle  is  placed  at 
a  window,  where  it  may  receive  the  rays  of  the  sun.  The  oil  by  degrees  gets  covered 
with  a  curdy  mass,  which  after  some  time  settles  to  the  bottom,  while  itself  becomes  lim- 
pid and  colorless.  As  soon  as  the  lead  ceases  to  separate  any  more  of  that  while  sub- 
stance, the  oil  is  decanted  ofl"  into  another  vial  for  use. 

Palm  oil  melts  at  117-5°  F.,  and  is  said  to  consist  of  31  parts  of  stearine  and  69  of 
oleine  in  100.  It  becomes  readily  rancid  by  exposure  to  air,  and  is  whitened  at  the 
same  time. 

The  oil  extracted  from  the  plucked  tops  of  the  pinus  abies,  in  the  Black  Forest  in 
Germany,  is  limpid,  of  a  golden  yellow  color,  and  resembles  in  smell  and  taste  the  oil  of 
lurpentine.     It  answers  well  for  the  preparation  of  varnishes. 

The  oil  of  plum-stones  is  made  chiefly  in  Wurtemberg,  and  is  found  to  answer  very  weU 
for  lamps. 

Po]}py-seed  oil  has  none  of  the  narcotic  properties  of  the  poppy  juice.  It  is  soluble  in 
ether  in  every  proportion. 

Rape-seed  ail  has  a  yellow  color,  and  a  peculiar  smell.  At  25°  F.  it  becomes  a  yellow 
mass,  consisting  of  46  parts  of  stearine,  which  fuses  at  50°,  and  54  of  oleine,  in  which 
the  smell  resides. 

The  oils  of  belladonna  seeds,  and  tobacco  seeds,  are  perfectly  bland.  The  former  is 
much  used  for  lamps  in  Swabia  and  Wurtemburg.  The  oil-cakes  of  both  are  poi- 
sonous. 

Oil  of  ti'ine-stones  is  extracted  to  the  amount  of  10  or  11  per  cent,  from  the  seeds  of 
the  grape.  Its  color  is  at  first  pale  yellow,  but  it  darkens  with  age.  It  is  used  as  an 
article  of  diet. 

FAT   OIL    MANUFACTURE. 

It  is  the  practice  of  almost  all  the  proprietors  in  the  neighborhood  of  Aix,  in  Pro- 
vence, to  preserve  the  olives  for  15  days  in  barns  or  cellars,  till  they  have  undergone 
a  species  of  fermentation,  in  order  to  facilitate  the  extraction  of  their  oil.  If  this  prac- 
tice were  really  prejudicial  to  the  product,  as  some  theorists  have  said,  would  not  the  high 
reputation  and  price  of  the  oil  of  Aix  have  long  ago  suffered,  and  have  induced  them  to 
change  their  system  of  working  ?  In  fact,  all  depends  upon  the  degree  of  fermentation 
excited.  They  must  not  be  allowed  to  mould  in  damp  places,  to  lie  in  heaps,  to  soften  so 
as  to  stick  to  each  other,  and  discharge  a  reddish  liquor,  or  to  become  so  hot  as  to  raise  a 
thermometer  plunged  into  the  mass  up  to  96°  F.  In  such  a  case  they  would  afford 
an  acrid  nauseous  oil,  fit  only  for  the  woollen  or  soap  manulactories.  A  slight  fermenta- 
tive action,  however,  is  useful,  towards  separating  the  oil  from  the  mucilage.  The  olives 
are  then  crushed  under  the  stones  of  an  edge-mill,  and  next  put  into  a  screw-press,  being 
enclosed  in  bulrush-mat  bass  (cabas),  laid  over  each  other  to  the  number  of  eighteen. 
The  oil  is  run  off  from  the  channels  of  the  ground-sill,  into  casks,  or  into  stone  cisterns 
called  pizcs,  two  thirds  filled  with  water.  The  pressure  applied  to  the  cabas  should  be 
slowly  graduated. 

What  comes  over  first,  without  heat,  is  the  virgin  oil  already  mentioned.  The  cabas 
being  now  removed  from  the  press,  their  contents  are  shovelled  out,  mixed  with  some 
boilinsr  water,  again  put  in  the  bags,  and  pressed  anew.  The  hot  water  helps  to  carry 
oft"  the  oil,  which  is  received  in  other  casks  or  pizes.  The  oil  ere  long  accumlatcs  at  the 
surface,  and  is  skimmed  off  with  larije  flat  ladles  ;  a  process  which  is  called  lever  I'huile. 
When  used  fresh,  this  is  a  very  eood  article,  and  quite  fit  for  table  use,  but  is  apt  tc 
get  rancid  when  kept.  The  subjacent  water  retains  a  good  deal  of  oil,  by  the  interven 
tion  of  the  mucilage ;  but  by  long  repose  in  a  large  general  cistern,  called  I'enfer,  it 
parts  with  it,  and  is  then  drawn  off  from  the  bottom  by  a  plug-hole.  The  oil  which  re- 
mains after  the  water  is  run  oflj  is  of  an  inferior  quality,  and  can  be  used  only  for 
factorj'  purposes. 

The  marc  being  crushed  in  a  mill,  boiled  with  water,  and  expressed,  yields  a  still 
coarser  article. 

All  the  oil  must  be  fined  by  keeping  in  clean  tuns,  in  an  apartment  heated  to  the  60th 
degree  Fahr.  at  least,  for  twenty  days ;  after  which  it  is  run  oft'  into  strong  casks,  which 
are  cooled  in  a  cellar,  and  then  sent  into  the  market. 

Oil  of  almonds  is  manufactured  by  agitating  the  kernels  in  bags,  so  as  to  separate 
their  brown  skins,  grinding  them  in  a  mill,  then  enclosing  them  in  bags,  and  squeezing 
them  strongly  between  a  series  of  cast  iron  plates,  in  a  hydraulic  press ;  without  heat 
at  first,  and  then  between  heated  plates.  The  first  oil  is  the  purest,  and  least  apt  to 
become  rancid.  It  should  be  refined  by  filtering  through  porous  paper.  Next  to  olive 
oil,  this  species  is  the  most  easy  to  saponify.  Bitter  almonds,  being  cheaper  than  the 
sweet,  are  used  in  preference  for  obtaining  this  oil,  and  they  afford  an  article  equally 
bland,  wholesome,  and  inodorous.  But  a  strongly  scented  oil  may  be  procured,  accord- 
ing to  M.  Planche,  by  macerating  the  almonds  in  hot  water,  so  as  to  blanch  them, 
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then  drying  them  in  a  stove,  and  afterwards  subjecting  them  to  pressure.  The  volatile 
oil  of  almonds  is  obtained  by  distilling  the  marc  or  bitter  almond  cake,  along  with  water. 
See  Press  Hydraulic,  and  Steakine. 

Linseed,  rapeseed.  poppyseed,  and  other  oleiferous  seeds  were  formerly  treated  for 
the  extraction  of  their  oil,  by  pounding  in  hard  wooden  mortars  with  pestles  shod  with 
iron,  set  in  motion  by  cams  driven  by  a  shaft  turned  with  horse  or  water  power,  then 
the  triturated  seed  was  put  into  woollen  bags  which  were  wrapped  up  in  hair-cloths, 
and  squeezed  between  upright  wedges  in  press-boxes  by  the  impulsion  of  vertical  rams 
driven  also  by  a  cam  mechanism.  In  the  best  mills  upon  the  old  construction,  the  cakes 
obtained  by  this  first  wedge  pressure  were  thrown  upon  the  bed  of  an  edge-mill,  ground  anew 
and  subjected  to  a  second  pressure,  aided  by  heat  now,  as  in  the  first  case.  These  mor- 
tars and  press-boxes  constitute  what  are  called  Dutch  mills.  They  are  still  in  very 
general  use  both  in  this  country  and  on  the  Continent ;  and  are  by  many  persons  sup- 
posed to  be  preferable  to  the  hydraulic  presses. 

The  roller-mill,  for  merely  bruising  the  linseed,  &c.,  previous  to  grinding  it  under  edge- 
stones,  and  to  heating  and  crushing  it  in  a  Dutch  or  a  hydraulic  oil-mill,  is  represented 

in  ^gi.  770,  and  771.  The  iron  shaft 
a,  has  a  winch  at  each  end,  with  a 
heavy  fly-wheel  upon  the  one  of  them, 
when  the  machine  is  to  be  worked  by 
hand.  Upon  the  opposite  end  is  a  pul- 
ley, with  an  endless  cord  which  passes 
round  a  pulley  on  the  end  of  the  fluted 
roller  6,  and  thereby  drives  it.  This  fluted 
roller  b,  lies  across  the  hopper  c,  and  by 
its  agitation  causes  the  seeds  to  descend 
equably  through  the  hopper,  between  the 
crushing  rollers  d,  e.  Upon  the  shaft  a, 
there  is  also  a  pinion  which  works  into 
two  toothed  wheels  on  the  shafts  of  the 
crushing  cylinders  d  and  e,  thus  commu- 
nicating to  these  cylinders  motion  in 
opposite  directions.  /,  g  are  two  scraper- 
blades,  which  by  means  of  the  two 
weights  h,  h,  hanging  upon  levers,  are 
pressed  against  the  surfaces  of  the  cyl- 
inders, and  remove  any  seed-cake  from 
them.  The  bruised  seeds  fall  through  the 
slit  i  of  the  case,  and  are  received  into  a 
chest  which  stands  upon  the  board  k. 

Machines  of  this  kind  are  now  usually 
driven  by  power.  Hydraulic  presses  have 
been  of  late  years  introduced  into  many 
seed-oil  mills  in  this  country ;  but  it  is 
still  a  matter  of  dispute  whether  they,  or 
the  old  Dutch  oil-mill,  with  bags  of  seed 
compressed  between  wedges,  driven  by 
cam-stamps,  be  the  preferable ;  that  is, 
afford  the  largest  product  of  oil  with  the 
same  expenditure  of  capital  and  power. 
For  figures  of  hydraulic  presses,  see 
Press,  and  Stearine. 

This  bruising  of  the  seed  is  merely  a 
preparation  for  its  proper  grinding  under 
a  pair  of  heavy  edge-stones,  of  granite,  from  5  to  7  feet  in  diameter;  because  unbruised 
seed  is  apt  to  slide  away  before  the  vertical  rolling  wheel,  and  thus  escape  trituration. 
The  edse-mill,  for  grinding  seeds,  is  quite  analogous  to  the  gunpowder-mill  represented 
in  fig.  531,  page  636.  Some  hoop  the  stones  with  an  iron  rim,  but  others  prefer,  and  I 
think  justly,  the  rough  surface  of  granite,  and  dress  it  from  time  to  time  with  hammers, 
as  it  becomes  irregular.  These  stones  make  from  30  to  36  revolutions  upon  their 
horizontal  bed  of  masonry  or  iron  in  a  minute.  The  centre  of  the  bed,  where  it  is  per- 
forated for  the  passage  of  the  strong  vertical  shaft  which  turns  the  stones,  is  enclosed  by 
a  circular  box  of  cast  iron,  firmly  bolted  to  the  bed-stone,  and  furnished  with  a  cover. 
This  box  serves  to  prevent  any  seeds  or  powder  setting  into  the  step  or  socket,  and 
obslructins;  the  movement.  The  circumference  of  the  mill-bed  is  formed  of  an  upright 
rim  of  oakplank,  bound  with  iron.  There  is  a  rectangular  notch  left  in  the  edge  of  the 
bed,  and  correspondin?  part  of  the  rim,  which  is  usually  closed  with  a  slide-plate,  and 
-s  opened  only  at  the  end  of  the  operation,  to  let  the  pasty  seed-cake  be  turned  out  by 
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the  oblique  arm  of  the  bottom  scraper.  The  two  parallel  stones,  which  are  set  near  each 
other,  and  travel  round  their  circular  path  upon  the  bed,  grind  the  seeds  not  merely  by 
their  weii^ht,  of  three  tons  each,  but  also  by  a  rubbing  motion,  or  attrition  ;  because  their 
periphery  being  not  conical,  but  cylindrical,  by  its  rolling  upon  a  plane  surface,  must  at 
every  instant  turn  round  with  friction  upon  their  resting  points.  Strong  cast-iron  boxes 
are  bolted  upon  the  centre  of  the  stones,  which  by  means  of  screw  clamps  seize  firmly  the 
horizontal  iron  shafts  that  traverse  and  drive  them,  by  passing  into  a  slit-groove  the 
vertical  turning  shaft.  This  groove  is  lined  with  strong  plates  of  steel,  which  wear  rap- 
idly by  the  friction,  and  need  to  be  frequently  renewed. 

The  seeds  which  have  been  burst  between  the  rolls,  or  in  the  mortars  of  the  Dutch 
mills,  are  to  be  spread  as  equably  as  possible  by  a  shovel  upon  the  circular  path  of  the 
e Jge-stones,  and  in  about  half  an  hour  the  charge  will  be  sufficiently  ground  into  a  paste. 
This  should  be  put  directly  into  the  press,  when  fine  cold-drawn  oil  is  wanted.  But  in 
general  the  paste  is  heated  before  being  subjected  to  the  pressure.  The  pressed  cake  is 
again  thrown  under  the  edge-stones,  and,  after  being  ground  the  second  time,  should  be 
exposed  to  a  heal  of  212°  Fahr.,  in  a  proper  pan,  called  a  steam-kettle,  before  being 
subjected  to  the  second  and  final  pressure  in  the  woollen  bags  and  hair-cloths. 

Fig.  772,  is  a  vertical  section  of  the  steam-kettle  of  Hallette,  and_^g.  773  is  a  view  of 

the  seed-stirrer.  a,  is  the  wall  of  ma- 
soniT,  upon  which,  and  the  iron  pillars 
b,  the  pan  is  supported.  It  is  enclosed 
in  a  jacket,  for  admitting  steam  into  the 
intermediate  space  d,  d,  d,  at  its  sides 
and  bottom.  c,  is  the  middle  of  the 
pan  in  which  the  shaft  of  the  stirrer  is 
planted  upright,  resting  by  its  lower 
end  in  the  step  e ;  f,  is  an  opening,  by 
which  the  contents  of  the  pan  may  be 
emptied ;  g,  is  an.  orifice  into  which 
the  mouth  of  the  hair  or  worsted  bag 
is  inserted,  in  order  to  receive  the 
heated  seed,  when  it  is  turned  out  by 
the  rotation  of  the  stirrer  and  the  with- 
drawal of  the  plug/ from  the  discharge 
aperture ;  h,  is  the  steam  induction 
pipe;  and  t,  the  eduction  pipe,  which 
serves  also  to  run  off  the  condensed 
water. 

The  hydraulic  oil-press  is  generally 
double ;  that  is,  it  has  two  vertical  lams 
placed  parallel  to  each  other,  so  that 
while  one  side  is  under  pressure,  the 
other  side  is  being  discharged.  The  bags  of  heated  seed-paste  or  meal  are  put  into 
cast-iron  cases,  which  are  piled  over  each  other  to  the  number  of  6  or  8,  upon  the  press 
sill,  and  subjected  to  a  force  of  300  or  400  tons,  by  pumps  worked  with  a  steam  engine. 
The  first  pump  has  usually  2  or  2^  inches  diameter  for  a  ram  of  10  inches,  and  the  second 
pump  one  inch.  Each  side  of  the  press,  in  a  well-going  establishment,  should  work  38 
pounds  of  seed-flour  every  5  minutes.  Such  a  press  will  do  70  quarters  of  linseed  in 
the  days'  work  of  one  week,  with  the  labor  of  one  man  at  20*.  and  three  boys  at  5s. 
each ;  and  will  require  a  12-horse  power  to  work  it  well,  along  with  the  rolls  and  the 
edge-stones. 

i  am  indebted  to  my  excellent  friend  Mr.  E.  Wooisey,  for  the  following  most  valuable 
notes,  taken  by  him  at  sundry  mills  for  pressing  oil ;  and  remarks  upon  the  subject  of 
seed-crushing  in  general. 

"  The  chief  point  of  diflference  depends  upon  the  quality  of  seed  employed.  Heavy 
seed  will  yield  most  oil,  and  seed  ripened  under  a  hot  sun,  and  where  the  flax  is  not 
gathered  too  green,  is  the  best.  The  weight  of  linseed  varies  from  48  to  52  lbs.  per 
imperial  bushel ;  probably  a  very  fair  average  is  49  lbs.,  or  392  lbs.  per  imperial 
quarter.  I  inspected  one  of  the  seed-crusher's  books,  and  the  average  of  15  trials  of  a 
quarter  each  of  different  seeds  in  the  season  averaged  141  galls,  of  7f  lbs.  each;  say, 
109  lbs.  of  oil  per  quarter.  This  crusher,  who  uses  only  the  hydraulic  press,  and  one 
pressing,  informed  me  that — 


Archangel  seed  will  yield  from    -        -        - 
Best  Odessa        ..-.-. 
Good  crushing-seed     -    -    - 
Low  seed,  such  as  weighs  48  lbs.  per  bushel 


-  15  to  16  galls,  (of  7|lbs.  each) 

-  18  and  even  19  galls. 

-  15i  do. 
.  13i  do. 
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"  The  average  of  the  seed  he  has  worked,  which  he  represents  to  be  of  an  inferior 
quality,  for  the  sake  of  its  cheapness,  yields  141  galls,  per  quarter.  I  had  some  Ameri- 
can seed  which  weighed  52j  lbs.  per  imperial  bushel,  ground  and  pressed  under  my 
own  observation,  and  it  gave  me  111  lbs.  oil;  that  is  to  say,  418  lbs.  of  seed  gave  111 
lbs.  oil=26A5-  per  cent.  A  friend  of  mine,  who  is  a  London  crusher,  told  me  the  oil 
varied  according  to  the  seed  from  14  to  17  galls.;  and  when  you  consider  the  relative 
value  of  seeds,  and  remember  that  oil  and  cake  from  any  kind  of  seed  is  of  the  same  value, 
it  will  be  apparent  that  the  yield  is  very  different ;  for  example. 

E.  India  linseed  worth  52s.  per  quarter. 

Petersburg  linseed         48    to  52  do. 


25th  July,  1836, 


prices  of  seed.    )  oj^ssa 


52         —         — 


The  difference  of  4s.  must  be  paid  for  in  the  quantity  of  oil,  which  at  38«.  6d.  per  cwt. 
(the  then  price)  requires  about  11^  lbs.  more  oil  expressed  to  pay  for  the  difference  in 
the  market  value  of  the  seed.  Another  London  crusher  informed  me  that  East  India 
linseed  will  produce  17  gallons,  and  he  seemed  to  think  that  that  was  the  extreme  quan- 
tity that  could  be  expressed  from  any  seed.  The  average  of  last  year's  Russian  seed 
would  be  about  14  galls. ;  Sicilian  seed  16  galls. 


Num- 

Place. 

Engine  Power. 

Hydraulic 
Presses. 

Stampers. 

Rollers. 

Edge- 
stones. 

Kettles. 

Work  done,— 
reduced  to 

ber  of 
press- 

an hour. 

ings. 

France 

10  horse  power 

1    hydrau- 

5     light 

1  pair 

1  pr.  edge- 

5  table  kettles 

1  English 

2  pres- 

lic,  200 

stamp- 

rolls. 

stones. 

small     size 

quarter    per 

sings. 

tons. 

ers. 

heated    by 
steam. 

working 
hour. 

London 

20  horse  power 

1   hydrau- 

13     light 

1  pair 

2  i)r.  edge- 

8  table  kettles 

2  English 

2  ditto 

lic,  800 

stamp- 

rolls. 

stones. 

small    size 

quarters  per 

tons. 

ers. 

heated     by 
fire. 

working 
hour. 

London 

12  horse  power, 

none 

9     light 

2  pair 

2  pr.  edge- 

4  table  kettles 

i  English 

2  ditto 

but  the  engine 

stamp- 

rolls, 

stones, 

small    size 

quarter   per 

is  used  also  for 

ers. 

used 

used  also 

heated    by 

working 

other  work. 

also  for 
other 
purposes 

for  other 
purposes. 

fire. 

hour. 

HuU 

18  horse  engine, 

none 

3      very 

1  pair 

I  pr.  edge- 

3  double  case 

li  English 

1  ditto 

old    construc- 

heavy 

rolls. 

stones. 

large  size 

quarter   per 

tion. 

stamp- 
ers. 

steam 
kettles. 

working 
hour. 

Ditto 

22  horse  engine 

none 

6     very 
heavy 
stamp- 
ers. 

2  pair 
rolls. 

2  pr.  edge- 
stones. 

6  double  case 
large  size 
steam 

kettles. 

Not  known. 

1  ditto 

"  Rape-seed. — I  have  not  turned  my  attention  to  the  quantity  of  oil  extracted  from  this 
seed;  but  a  French  crusher  (M.  Geremboret),  on  whom  I  think  one  may  place  consider- 
able dependance,  told  me  that 

3f  lbs.  of  best  Cambray  rape-seed  yielded      -  -  -         1  lb.  oil. 

3f  —         common  rape-seed  -  -  -  -         1  lb.  oil. 

4i  —  —      poppy-seed  -  -  -  -         1  lb.  oil. 

"  Rape-seed  weighs  from  52  to  56  lbs.  per  imperial  bushel." 
The  following  are  the  heads  of  a  reference  of  machinery  for  a  seed  oil-mill : — 

1.  Two  pairs  of  cast-iron  rollers,  19  inches  long,  and  10  inches  in  diameter,  fixed  in  a 
cast-iron  frame,  with  brasses,  wheels,  shafts,  bolts,  scrapers,  hojjpers,  shoes,  &c. 

2.  Two  pairs  of  edge-stones,  7  feet  diameter  each,  with  two  bottom  stones,  6  feet 
diameter  each,  cast-iron  upright  shafts,  sweepers,  wheels,  shafts,  chairs,  brasses,  bolts, 
and  scrapers,  with  driving  spur-wheels,  &c. 

3.  Five  steam  kettles,  with  wheels,  shafts,  and  brasses,  bolts,  breeches,  and  steam 
pipes,  an  upright  cast-iron  shaft,  with  chairs  and  brasses  at  each  end;  and  a  large  bevel 
wheel  upon  the  bottom  end  of  upright  shaft,  and  another,  smaller,  upon  fly-wheel  shaft, 
for  the  first  motions. 

4.  Five  stamper  presses,  with  press  plates  of  cast-iron,  cast-iron  stamper  shaft  with  10 
arms  and  10  rollers,  with  bosses,  brasses,  bolts,  driving  bevel- wheels. 

A  well  made  oil-mill,  consisting  of  the  above  specified  parts,  will  manufacture  200 
quarters  of  seed  per  week. 

I  have  been  assured  by  practical  engineers,  conversant  in  oil-mills,  that  a  double 
hydraulic  press,  with  2  ten-inch  rams,  will  do  the  work  of  no  more  than  two  of  the 
stamper  presses ;  that  is  to  say,  it  will  work  22  quarters  in  24  hours ;  while  three 
stamper  presses  will  work  33  quarters  in  the  same  time,  and  produce  one  half  more  oil. 
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Castor  oil,  quantity  of, 


Imported. 

Retained  for  consumption. 

Exported. 

Year. 
1835. 
1836. 

Cwts. 
1,109,307 
981,585 

Cwts. 
670,205 
809,559 

Cwts. 
61,296 
68,515 

Duty,  from  British  possessions,  2*.  6rf.  per  cwt. ;   from  foreign,  Is,  per  lb. 
Cocoa-nut  oil,  quantity  of, 


Injpdrted. 

Retained  forconsuniptiim. 

Exported. 

Year. 
1835. 
1836. 
1837. 

Cwts. 
19,838 
26,058 
41,218 

Cwts. 
14,015 
26,062 
28,836 

Cwts. 
2,238 
3,158 

Olive  oil 

quantity  of. 

Imported. 

Retained  for  consumption 

Exported. 

Year. 
1835. 
1836. 
1837. 

Galls. 

606,166 
2,682,016 
1,720,397 

Galls. 

554,196 
1,844,622 
1,499,122 

Galls. 
283,734 
150,561 

Duties  on  olive  oil,  not  of  Naples  and  Sicily,  4d. ;    of  Naples  and  Sicily,  8<f. 
ships  of  these  countries,  lOd.  per  gallon. 

Train  oil,  spermaceti,  and  blubber,  quantity  of, 


and  if  in 


Imported.                 Retained  for  consumptir 

Exported. 

Year. 
1835. 
1836. 
1837. 

Tuns. 
24,197 
19,489 
21,823 

Tuns. 
16,114 

18,722 
21,286 

Tuns. 
8,035 
1,365 

Duties  on  oil  taken  by  British  ships,  Is. ;  by  foreign  fishers,  £26  18*.  per  tun. 

OILS,  VOLATILE  OR  ESSENTIAL ;  Manufacture  of  The  volatile  oils  occur  in 
every  part  of  odoriferous  plants,  whose  aroma  they  diffuse  by  their  exhalation ;  but  in 
different  organs  of  different  species.  Certain  plants,  sucli  as  thyme  and  the  scented 
labiatcE,  in  general  contain  volatile  oil  in  all  their  parts ;  but  others  contain  it  only  in  the 
blossoms,  the  seeds,  the  leaves,  the  root,  or  the  bark.  It  sometimes  happens  that  differ- 
ent parts  of  the  same  plant  contain  different  oils ;  the  orange,  for  example,  furnishes 
three  diff'erent  oils,  one  of  which  resides  in  the  flowers,  another  in  the  leaves,  and  a  third 
in  the  skin  or  epidermis  of  the  fruit.  The  quantity  of  oil  varies  not  only  with  the  spe- 
cies, but  also  in  the  same  plant,  with  the  soil,  and  especially  the  climate ;  thus  in  hot 
countries  it  is  generated  most  profusely.  In  several  plants,  the  volatile  oil  is  contained 
in  peculiar  orders  of  vessels,  which  confine  it  so  closely  that  it  does  not  escape  in  the 
drying,  nor  is  dissipated  by  keeping  the  plants  for  many  years.  In  other  species,  and 
particularly  in  flowers,  it  is  formed  continually  upon  their  surface,  and  flies  off  at  the 
moment  of  its  formation. 

Volatile  oils  are  usually  obtained  by  distillation.  For  this  purpose  the  plant  is  intro- 
duced into  a  still,  water  is  poured  upon  it,  and  heat  being  applied,  the  oil  is  volatilized  by 
the  aid  of  the  watery  vapor,  at  the  temperature  of  212°,  though  when  alone  it  would 
probably  not  distil  over  unless  the  heat  were  100^  more.  This  curious  fact  was  first 
explained  in  my  Neiv  Researches  upon  Heat,  published  in  the  Philosophical  Transactions 
for  1818.  Most  of  the  essential  oils  employed  in  medicine  and  perfumery  are  extracted 
by  distillation  from  dried  plants;  only  a  few,  such  as  those  of  the  rose  and  orange 
flower,  are  obtained  from  fresh  or  succulent  salted  plants.  When  the  mingled  va- 
pors of  the  oil  and  water  are  condensed  into  the  liquid  state,  by  the  refrigerator  of  the 
still,  the  oil  separates,  and  either  floats  on  the  surface  or  sinks  to  the  bottom  of  the 
water.  Some  oils  of  a  less  volatile  nature  require  a  higher  heat  than  212°  to  raise  them 
in  vapor,  and  must  be  dislodged  by  adding  common  salt  to  the  waler,  whereby  the 
heat  being  augmented  by  15°,  they  readily  come  over.     If  in  such  distillations  too  much 
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water  be  added,  no  oil  will  be  obtained,  because  it  is  partially  soluble  in  water ;  and  thus 
merely  an  aromatic  water  is  produced.  If  on  the  other  hand  too  little  water  be  used,  the 
plant  may  happen  to  adhere  to  the  bottom  of  the  still,  get  partially  charred,  and  thus  im- 
part an  empyreumatic  odor  to  the  product.  But  as  the  quality  of  water  distilled  depends 
less  upon  the  quantity  employed,  than  upon  that  of  the  surface  exposed  to  the  heat,  it  is 
obvious  that  by  giving  a  suitable  form  to  the  still,  we  may  get  rid  of  every  inconvenience. 
Hence  the  narrower  and  taller  the  alembic  is,  within  certain  limits,  the  greater  will  be 
the  proportion  of  oil  relative  to  that  of  the  aromatic  water,  from  like  proportions  of  aque- 
ous and  vegetable  matter  employed.  Some  place  the  plants  in  baskets,  and  suspend  these 
unmediately  over  the  bottom  of  the  still  under  the  water,  or  above  its  surface  in  the  steam. 
But  the  best  mode  in  my  opinion  is  to  stuff  an  upright  cylinder  full  of  the  plants,  and  to 
drive  down  through  them,  steam  of  any  desired  force  ;  its  tension  and  temperature  being 
further  regulated  by  the  size  of  the  outlet  orifice  leading  to  the  condenser.  The  cylinder 
should  be  made  of  strong  copper  tinned  inside,  and  incased  in  the  worst  conducting  species 
of  wood,  such  as  soft  deal  or  sycamore. 

The  distillation  is  to  be  continued  as  long  as  the  water  comes  over  of  a  milky  appear- 
ance. Certain  plants  yield  so  little  oil  by  the  ordinary  processes,  notwithstanding  every 
care,  that  nothing  but  a  distilled  water  is  obtained.  In  this  case,  the  same  water  must 
be  poured  upon  a  fresh  quantity  of  the  plants  in  the  still ;  which  being  drawn  over,  is 
asain  to  be  poured  upon  fresh  plants ;  and  thus  repeatedly,  till  a  certain  dose  of  oil  be 
separated.     This  being  taken  off,  the  saturated  water  is  reserved  for  a  like  distillation. 

The  refrigeratory  vessel  is  usually  a  worm  or  serpentine  plunged  in  a  tub  of  water, 
whose  temperature  should  be  generally  cold ;  but  for  distilling  the  oils  of  anise-seed, 
fennel,  &c.,  which  become  concrete  at  low  temperatures,  the  water  should  not  be  cooler 
than  45°  F. 

The  liquid  product  is  commonly  made  to  run  at  the  worm  end,  into  a  vessel  called  an 
Italian  or  Florentine  receiver,  which  is  a  conical  matrass,  standing  on  its  base,  with 
a  pipe  rising  out  of  the  side  close  to  the  bottom,  and  recurved  a  little  above  the  middle 
of  the  flask  like  the  spout  of  a  coffee-pot.  The  water  and  the  oil  collected  in  this 
vessel  soon  separate  from  each  other,  according  to  their  respective  specific  gravities  ;  the 
one  floating  above  the  other.  If  the  water  be  the  denser,  it  occupies  the  under  portion 
of  the  vessel,  and  continually  overflows  by  the  spout  in  communication  with  the  bottom, 
while  the  lighter  oil  is  left.  When  the  oil  is  the  heavier  of  the  two,  the  receiver  should 
be  a  larse  inverted  cone,  with  a  stopcock  at  its  apex  to  run  off  the  oil  from  the  water 
when  the  separation  has  been  completed  by  repose.  A  funnel,  having  a  glass  stopcock 
attached  to  its  narrow  stem,  is  the  most  convenient  apparatus  for  freeing  the  oil  finally 
from  any  adhering  particles  of  water.  A  cotton  wick  dipped  in  the  oil  may  also  serve 
the  same  purpose  by  its  capillary  action.  The  less  the  oil  is  transvased  the  better,  as  a 
portion  of  it  is  lost  at  eveiy  transfer.  It  may  occasionally  be  useful  to  cool  the  distilled 
water  by  surrounding  it  with  ice,  because  it  thus  parts  with  more  of  the  oil  with  which  it 
is  impregnated. 

There  are  a  few  essential  oils  which  may  be  obtained  by  expression,  from  the  sub- 
stances which  contain  them ;  such  as  the  oils  of  lemons  and  bergamot,  found  in  the 
pellicle  of  the  ripe  fruits  of  the  cilrus  auranfinm  and  medica  ;  or  the  orange  and  the 
citron.  The  oil  comes  out  in  this  case  with  the  juice  of  the  peel,  and  collects  upon  its 
surface. 

For  collecting  the  oils  of  odoriferous  flowers  which  have  no  peculiar  organs  for  impri- 
soning them,  and  therefore  speedily  let  them  exhale,  such  as  violets,  jasmine,  tuberose, 
and  hyacinth,  another  process  must  be  resorted  to.  Alternate  layers  are  formed  of  the 
fresh  flowers,  and  thin  cotton  fleece  or  woollen  cloth-wadding,  previously  soaked  in  a  pure 
and  inodorous  fat  oil.  Whenever  the  flowers  have  given  out  all  their  volatile  oil  to  the 
fixed  oil  upon  the  fibrous  matter,  they  are  replaced  by  fresh  flowers  in  succession,  till  the 
fat  oil  has  become  saturated  with  the  odorous  particles.  T'le  cotton  or  wool  wadding  be- 
ing next  submitted  to  distillation  along  with  water,  gives  up  the  volatile  oil.  Perfumers 
alone  use  these  oils;  they  employ  them  either  mixed  as  above,  or  dissolve  them  out  by 
means  of  alcohol.  In  order  to  extract  the  oils  of  certain  flowers,  as  for  instance  of  white 
lilies,  infusion  in  a  fat  oil  is  sufficient. 

Essential  oils  differ  much  from  each  other  in  their  physical  properties.  Most  of  them 
are  yellow,  others  are  colorless,  red,  or  brown  ;  some  again  are  green,  and  a  few  are  blue. 
They  have  a  powerful  smell,  more  or  less  agreeable,  which  immediately  alter  their 
distillation  is  occasionally  a  little  rank,  but  becomes  less  so  by  keeping.  The  odor  is 
seldom  as  pleasant  as  that  of  the  recent  plant.  Their  taste  is  acrid,  irritating,  and  heating, 
or  merely  aromatic  when  they  are  largely  diluted  with  water  or  other  substances.  They 
are  not  greasy  to  the  touch,  like  the  fat  oils,  but  on  the  contrary  make  the  skin  feel 
rough.  They  are  almost  all  lighter  than  water,  only  a  very  few  falling  to  the  bottom  of 
this  liquid;  their  specific  gravity  lies  between  0-847  and  1-096;  the  first  number 
denoting  the  density  of  oil  of  citron,  and  the  second  that  of  oil  of  sassafras.    Although 
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styled  volatile  oils,  the  tension  of  their  vapor,  as  well  as  its  specific  heat,  is  much  less 
than  that  of  water.  The  boiling  point  difiers  in  diiferent  kinds,  but  it  is  usually  about 
316°  or  320°  Fahr.  Their  vapors  sometimes  render  reddened  litmus  paper  blue,  although 
they  contain  no  ammonia.  When  distilled  by  themselves,  the  volatile  oils  are  partially 
decomposed  ;  and  the  gaseous  products  of  the  portion  decomposed  always  carrj'  off  a  little 
of  the  oil.  When  they  are  mixed  with  clay  or  sand,  and  exposed  to  a  distilling  heat,  they 
are  in  a  great  measure  decomposed  ;  or  when  they  are  passed  in  vapor  through  a  redhot 
tube,  combustible  gases  are  obtained,  and  a  brilliant  porous  charcoal  is  deposited  in  the 
tube.  On  the  other  hand,  they  distil  readily  with  water,  because  the  aqueous  vapor 
formed  at  the  surface  of  the  boiling  fluid  carries  along  with  it  the  vapor  of  the  oil  produ- 
ced in  virtue  of  the  tension  which  it  possesses  at  the  212th  degree  Fahr.  In  the  open 
air,  the  volatile  oils  burn  with  a  shining  flame,  which  depositcs  a  great  deal  of  soot.  The 
congealing  point  of  the  essential  oils  varies  greatly;  some  do  not  solidify  till  cooled  below 
32°,  others  at  this  point,  and  some  are  concrete  at  the  ordinaiy  temperature  of  the  atmos- 
phere. They  comport  themselves  in  this  respect  like  the  fat  oils;  and  they  probably  con- 
sist, like  them,  of  two  different  oils,  a  solid  and  a  fluid  ;  to  which  the  names  stearoptene 
and  eleopthic,  or  stearessence  and  oleiessence,  may  be  given.  These  may  be  separated 
from  each  other  by  compressing  the  cooled  concrete  oil  between  the  folds  of  porous  paper ; 
the  stearessence  remains  as  a  solid  upon  the  paper;  the  oleiessence  penetrates  the  paper, 
and  may  be  recovered  by  distilling  it  along  with  water. 

When  exposed  to  the  air,  the  volatile  oils  change  their  color,  become  darker,  and 
gradually  absorb  oxygen.  This  absorption  commences  whenever  they  are  extracted 
from  the  plant  containing  them;  it  is  at  first  considerable,  and  diminishes  in  rapidity  as 
it  goes  on.  Light  contributes  powerfully  to  this  action,  during  which  the  oil  disengages 
a  little  carbonic  acid,  but  much  less  than  the  oxygen  absorbed ;  no  water  is  formed. 
The  oil  turns  gradually  thicker,  loses  its  smell,  and  is  transformed  into  a  resin,  which 
becomes  eventually  hard.  De  Saussure  found  that  oil  of  lavender,  recently  distilled, 
had  absorbed  in  four  winter  months,  and  at  a  temperature  below  54°  F.,  52  times  its 
volume  of  oxygen,  and  had  disengaged  twice  its  volume  of  carbonic  acid  gases ;  nor  was 
it  yet  completely  saturated  with  oxygen.  The  stearessence  of  anise-seed  oil  absorbed  at 
its  liquefying  temperature,  in  the  space  of  two  years,  156  times  its  volume  of  oxygen  gas, 
and  disengaged  26  times  its  volume  of  carbonic  acid  gas.  An  oil  Avhich  has  begun  to 
experience  such  an  oxydizement  is  composed  of  a  resin  dissolved  in  the  unaltered  oil ;  and 
the  oil  may  be  separated  by  distilling  the  solution  along  with  water.  To  preserA'e  oils  in 
an  unchanged  state,  they  must  be  put  in  vials,  filled  to  the  top,  closed  with  ground  glass 
stopples,  and  placed  in  the  dark. 

Volatile  oils  are  little  soluble  in  water,  yet  enough  so  as  to  impart  to  it  by  agitation 
their  characteristic  smell  and  taste.  The  water  which  distils  with  any  oil  is  in  general 
a  saturated  solution  of  it,  and  as  such  is  used  in  medicine  under  the  name  of  distilled 
water.  It  often  contains  other  volatile  substances  contained  in  the  plants,  and  hence  is 
apt  to  putrefy  and  acquire  a  nauseous  smell  when  kept  in  perfectly  corked  bottles;  but  in 
vessels  partially  open,  these  parts  exhale,  and  the  water  remains  sweet.  The  waters, 
however,  which  are  made  by  agitating  volatile  oil  with  simple  distilled  water,  are  not  apt 
to  spoil  by  keeping  in  well-corked  bottles. 

The  volatile  oils  are  soluble  in  alcohol,  and  the  more  so  the  stronger  the  spirit  is. 
Some  volatile  oils,  devoid  of  oxygen,  such  as  the  oils  of  turpentine  and  citron,  are  very 
sparingly  soluble  in  dilute  alcohol ;  while  the  oils  of  lavender,  pepper,  &c.  are  considera- 
bly so.  De  Saussure  has  inferred  from  his  experiments  that  the  volatile  oils  are  the  more 
soluble  in  alcohol,  the  more  oxygen  they  contain.  Such  combinations  form  the  odorifer- 
ous spirits  which  the  perfumers  incorrectly  call  waters,  as  lavender  water,  eau  de  Cologne, 
eau  de  jasmin,  &c.  They  become  turbid  by  admixture  of  water,  which  seizes  the  alcohol, 
and  separates  the  volatile  oils.     Ether  also  dissolves  all  the  essential  oils. 

These  oils  combine  with  several  vegetable  acids,  such  as  the  acetic,  the  oxalic,  the 
succinic,  the  fat  acids  (stearic,  margaric,  oleic),  the  cnmphci  ic,  and  suberic. 

AVith  the  exception  of  the  oil  of  cloves,  the  volatile  oils  do  not  combine  with  the 
salifiable  bases.  They  have  been  partially  combined  with  caustic  alkali,  as  in  the  case 
of  Starkey's  soap.  This  is  prepared  by  triturating  recently  fused  caustic  soda  in  a 
mortar,  with  a  little  oil  of  turpentine,  added  drop  by  drop,  till  the  mixture  has  acquired 
the  consistence  of  soap.  The  compound  is  to  be  dissolved  in  spirits  of  wine,  filtered,  and 
distilled.  What  remains  after  the  spirit  is  drawn  off,  consists  of  soda  combined  with  a 
resin  formed  in  the  oil  during  the  act  of  trituration. 

The  volatile  oils  in  general  absorb  six  or  eight  times  their  bulk  of  ammoniacal  gas; 
but  that  of  lavender  absorbs  47  times. 

The  essential  oils  dissolve  all  the  fat  oils,  the  resins,  and  the  animal  fats. 

In  commerce  these  oils  are  often  adulterated  with  fat  oils,  resins,  or  balsam  of  capivi 
dissolved  in  volatile  oil.  This  fraud  may  be  detected  by  putting  a  drop  of  the  oil  on  paper, 
and  exposing  it  to  heat.     A  pure  essential  oil  evaporates  without  leaving  any  residuum, 
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whilst  an  oil  mixed  with  any  of  the  above  substances  leaves  a  translucent  stain  upon  the 
paper.  If  fat  oil  be  present,  it  will  remain  undissolved,  on  mixing  the  adulterated  essen- 
tial oil  with  thrice  its  volume  of  spirit  of  wine  of  specific  gravity  0-840.  Resinous  matter 
mixed  with  volatile  oil  is  easily  detected,  being  left  in  the  alembic  after  distillation.  Oil 
diluted  with  spirit  of  wine,  forms  a  milky  emulsion  on  the  addition  of  water ;  the  alcoholic 
part  is  absorbed  by  the  water,  and  the  oil  afterwards  found  on  the  surface,  in  a  graduated 
glass  tube,  will  show  by  its  quantity  the  amount  of  the  adulteration. 

But  it  is  more  ditficult  to  detect  the  presence  of  a  cheap  essential  oil  in  a  dear  one, 
which  it  resembles.  Here  the  taste  and  smell  are  our  principal  guides.  A  fe\v  drops  of 
the  suspected  oil  are  to  be  poured  upon  a  bit  of  cloth,  which  is  to  be  shaken  in  the  air, 
and  smelled  to  from  time  to  time.  In  this  way  we  may  succeed  in  distinguishing  the  odor 
of  the  oil  which  exhales  at  the  beginning,  and  that  which  exhales  at  the  end ;  a  method 
which  sei-ves  perfectly  to  detect  oil  of  turpentine  in  the  finer  essential  oils.  Moreover, 
when  the  debased  oil  is  mixed  with  spirits  of  wine  at  sp.  gr.  0-840,  the  oil  of  turpentine 
remains  in  a  great  measure  undissolved.  If  an  oil  heavier  than  water,  and  an  oil  lighter 
than  wSter,  be  mixed,  they  may  be  separated  by  agitation  for  some  time  with  that  liquid, 
and  then  leaving  the  mixture  at  rest.  Essential  oils  may  also  be  distinguished  by  a  care- 
ful examination  of  their  respective  densities. 

Oil  of  bitter  almonds  is  prepared  by  exposing  the  bitter  almond  cake,  from  which  the 
bland  oil  has  been  expressed,  in  a  sieve  to  the  vapor  of  water  rising  within  the  still.  The 
steam,  as  it  passes  up  through  the  bruiseil  almond  parenchyma,  carries  ofl'its  volatile  oil, 
and  condenses  along  with  it  in  the  worm.  The  oil  which  first  comes  over,  and  which 
falls  to  the  bottom  of  the  water,  has  so  pungent  and  penetrating  a  smell,  that  it  is  more 
like  cyanogen  gas  than  hydrocyanic  or  prussic  acid.  This  oil  has  a  golden  yellow  color, 
it  is  heavier  than  water ;  when  much  diluted,  it  has  an  agreeable  smell,  and  a  bitter 
burning  taste.  When  exposed  to  the  air,  it  absorbs  oxygen,  and  lets  fall  a  heap  of  crys- 
tals of  benzoic  acid.  This  oil  consists  of  a  mixture  of  two  oils  ;  one  of  which  is  volntile, 
contains  hydrocyanic  acid,  and  is  poisonous  ;  the  other  is  less  volatile,  is  not  poisonous, 
absorbs  oxygen,  and  becomes  benzoic  acid.  If  we  dissolve  100  parts  of  the  oil  of  bitter 
almonds  in  spirit  of  wine,  mix  with  the  solution  an  alcoholic  solution  of  potash,  and  then 
precipitate  the  oil  with  water,  we  shall  obtain  a  quantity  of  cyanide  of  potash,  capable  of 
producing  22|  parts  of  Prussian  blue.  Oil  of  bitter  almonds  combines  with  the  alkalis. 
Perfumers  employ  a  great  quantity  of  this  oil  in  scenting  their  soaps.  One  manufacturer 
in  Paris  is  said  to  prepare  annually  3  cwts.  of  this  oil.  A  similar  poisonous  oil  is  obtained 
by  distilling  the  following  substances  with  water  :— the  leaves  of  the  peach  {amygdalus 
persica),  the  leaves  of  the  bay-laurel  (prunus  lauro-cerasus),  the  bark  of  the  plum-tree 
(prunm  padm),  and  the  bruised  kernels  of  cherry  and  plumstones.  All  these  oils  con- 
tain hydrocyanic  acid,  which  renders  them  poisonous,  and  they  also  generate  benzoic  acid, 
by  absorbing  oxygen  on  exposure  to  air. 

Oil  of  anise-seed  is  extracted  by  distillation  from  the  seeds  of  the  pimpinella  anisnm.  It 
is  either  colorless,  or  has  merely  a  faint  yellow  color,  with  the  smell  and  taste  of  the  seed. 
It  concretes  in  lamellar  crystals  at  the  temperature  of  50°,  and  does  not  melt  again  till 
heated  to  64°  nearly.  Its  specific  gravity  at  61°  is  09958,  and  at  77°,  0-9857.  It  is  sol 
uble  in  all  proportions  in  alcohol  of  0-806 ;  but  only  to  the  extent  of  42  per  cent,  in  alco- 
hol of  0-84.  When  it  becomes  resinous  by  long  exposure  to  the  air,  it  loses  its  congeal- 
ing property.  It  consists  of  two  oils  ;  a  solid  stearessence,  and  a  liquid  oleiessence,  which 
may  be  separated  by  compression  of  the  cold  concrete  oil. 

Oil  of  bergamot  is  extracted  by  pressure  from  the  rind  of  the  ripe  fruit  of  the  citrus 
bergamium  and  aurantiurn.  It  is  a  limpid,  yellowish  fluid,  having  a  smell  resembling  that 
of  oranges.  Its  specific  gravity  varies  from  0-888  to  0-885.  It  becomes  concrete  when 
cooled  a  little  below  32°. 

Oil  of  cajeput  is  prepared  in  the  Moluccas,  by  distilling  the  dry  leaves  of  the  melaleuca 
leucadendron.  Cajeput  is  a  native  word,  signifying  merely  a  white  tree.  This  oil  is 
green ;  it  has  a  burning  taste,  a  strong  smell  of  camphor,  turpentine,  and  savine.  It  is 
very  fluid,  and  at  48°  has  a  specific  gravity  of  0-948.  The  color  seems  to  be  derived  from 
the  copper  vessels  in  which  it  is  imported,  so  that  it  is  removed  by  distillation  with  water, 
which  also  separates  the  oil  into  two  sorts ;  the  first  which  comes  over  having  a  density 
of  0897,  the  last  of  0-920.     This  has  a  green  color. 

The  oil  of  caraway  is  extracted  from  the  seeds  of  the  carum  carui.  It  has  a  pale  yellow 
color,  and  the  smell  and  taste  of  the  plant.  Its  specific  gravity  is  0-960.  The  seeds  of 
the  cmninum  cyminurn  (cumin)  afford  an  oil  similar  to  the  preceding,  but  not  so  agreeable. 
Its  specific  gravity  is  0-975. 

The  oil  of  cassia,  from  the  laurus  cassia,  is  yellow  passing  into  brown,  has  a  specific 
gravity  of  1-071,  and  aflbrds  a  crystalline  stearessence  by  keeping  in  a  somewhat  open 
vessel. 

The  oil  of  chamomile  is  extracted  by  distillation  from  the  flowers  of  the  matricaria 
chamomilla.     It  has  a  deep  blue  color,  is  almost  opaque,  and  thick ;  and  possesses  the 
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peculiar  smell  of  the  plant.  In  the  atmosphere  it  becomes  brown  and  unctuous.  If  an 
ounce  of  oil  of  lemons  be  added  to  3  pounds  of  this  oil,  they  make  it  separate  more 
readily  from  the  adhering  water. 

Other  blue  oils,  having  much  analogy  with  oil  of  chamomile,  are  obtained  by  distilling 
the  following  plants  :  Roman  chamomile  (anthemis  nobilis),  the  flowers  of  arnica  montana, 
and  those  of  milfoil  {achUlaa  millefolia).     The  last  has  a  spec.  grav.  of  0-852. 

Oil  of  cinnamon  is  extracted  by  distillation  from  the  bark  of  the  laurv.s  cinnamomum. 
It  is  produced  chiefly  in  Ceylon,  from  the  pieces  of  bark  unfit  for  exportation.  It  is 
distilled  over  with  difficulty,  and  the  process  is  promoted  by  the  addition  of  salt  water, 
and  the  use  of  a  low  still.  It  has  at  first  a  pale  yellow  color,  but  it  becomes  brown 
with  aG;e.  It  possesses  in  a  high  degree  both  the  sweet  burning  taste,  and  the  agreeable 
smell  of  cinnamon.  It  is  heavier  than  water;  its  specific  gravity  being  1"035.  It  con- 
cretes below  32°  F.,  and  does  not  fuse  again  till  heated  to  41°.  It  is  very  sparingly 
soluble  in  water,  and  when  agitated  with  it  readily  separates  by  repose.  It  dissolves 
abundantly  in  alcohol,  and  combines  with  ammonia  into  a  viscid  mass,  not  decomposed 
on  exposure  to  air. 

When  oil  of  cinnamon  is  kept  for  a  long  time,  it  deposites  a  stearessence  in  large 
regular  colorless  or  yellow  crystals,  which  may  be  pulverized,  and  which  melt  at  a  very 
gentle  heat  into  a  colorless  liquid,  which  crystallizes  on  cooling.  It  has  an  odor  inter- 
mediate between  that  of  cinnamon  and  vanilla ;  and  a  taste  at  first  greasy,  but  after- 
wards burning  and  aromatic.  It  crackles  between  the  teeth.  It  requires  a  high  temper- 
ature for  distillation,  and  becomes  then  brown  and  empyreumatic.  It  is  very  soluble  in 
alcohol. 

The  oil  of  cloves  is  extracted  from  the  dried  flower  buds  of  the  caryophyllus  aromat- 
icus.  It  is  colorless,  or  yellowish,  has  a  strong  smell  of  the  cloves,  and  a  burning 
taste.  Its  specific  gravity  is  1-061.  It  is  one  of  the  least  volatile  oils,  and  the  most 
difficult  to  distil.  At  the  end  of  a  certain  time  it  deposites  a  crystalline  concrete  oil.  A 
similar  stearessence  is  obtained  by  boiling  the  bruised  cloves  in  alcohol,  and  letting  the 
solution  cool.  The  crystals  thus  formed  are  brilliant,  white,  grouped  in  globules,  with- 
out taste  and  smell.  Oil  of  cloves  has  remarkable  chemical  properties.  It  dissolves  in 
alcohol,  ether,  and  acetic  acid.  It  does  not  solidify  at  a  temperature  of  4°  under  0°  F., 
even  when  exposed  to  that  cold  for  several  hours.  It  absorbs  chlorine  gas,  becomes 
green,  then  brown,  and  turns  resinous.  Nitric  acid  makes  it  red,  and  if  healed  upon  it, 
converts  it  into  oxalic  acid.  If  mixed  by  slow  degrees  with  one  third  of  its  weight  of 
sulphuric  acid,  an  acid  liquor  is  formed,  at  whose  bottom  a  resin  of  a  fine  purple  color  is 
found.  After  being  washed,  this  resin  becomes  hard  and  brittle.  Alcohol  dissolves  it, 
and  takes  a  red  color  ;  and  water  precipitates  it  of  a  blood  red  hue.  It  dissolves  also  in 
ether.  When  we  agitate  a  mixture  of  strong  caustic  soda  ley  and  oil  of  cloves  in  equal 
parts,  the  mass  thickens  very  soon,  and  forms  delicate  lamellar  crystals.  If  we  then  pour 
water  upon  it,  and  distil,  there  passes  along  with  the  water,  a  small  quantity  of  an  oil 
which  differs  from  oil  of  cloves  both  in  taste  and  chemical  properties.  During  the  cool- 
ing, the  liquor  left  in  the  retort  lets  fall  a  quantity  of  crystalline  needles,  which  being 
separated  by  expression  from  the  alkaline  liquid,  are  almost  inodorous,  but  possess  an 
alkaline  taste,  joined  to  the  burning  taste  of  the  oil.  These  crystals  require  for  solution 
from  10  to  12  parts  of  cold  water.  Potash  ley  produces  similar  effects.  Ammoniacal 
gas  transmitted  through  the  oil  is  absorbed  and  makes  it  thick.  The  concrete  combina- 
tion thus  formed  remains  solid  as  Ions;  as  the  vial  containing  it  is  corked,  but  when  open- 
ed, the  compound  becomes  liquid  ;  and  these  phenomena  may  be  reproduced  as  many  times 
as  we  please.  Such  combinations  are  decomposed  by  acids,  and  the  oil  set  at  liberty  has 
the  same  taste  and  smell  as  at  first,  but  it  has  a  deep  red  color.  The  alkalis  enable  us 
to  detect  the  presence  of  other  oils,  as  that  of  turpentine  or  sassafras,  in  that  of  cloves, 
because  they  fix  the  latter,  while  the  former  may  be  volatilized  with  water  by  distilling 
the  mixture.  The  oil  of  cloves  found  in  commerce  is  not  pure,  but  contains  a  mixture  of 
the  tincture  of  pinks  or  clove-gillyflowers,  whose  acrid  resin  is  thereby  introduced.  It 
is  sometimes  sophisticated  with  other  oils. 

The  oil  of  elder  is  extracted  by  distillation  from  the  flowers  of  the  sarnbucus  nigra.  It 
has  the  consistence  of  butter.     The  watery  solution  is  used  in  medicine. 

Oil  of  fennel  is  extracted  by  distillation  from  the  seeds  of  the  anefhuinfceniculum.  It  is 
either  colorless  or  of  a  yellow  tint,  has  the  smell  of  the  plant,  and  a  specific  gravity  of 
0-997.  When  treated  with  nitric  acid,  it  affords  benzoin.  It  congeals  at  the  tempera- 
ture of  14°  F.,  and  then  yields  by  pressure  a  solid  and  a  liquid  oil ;  the  former  appearing 
in  crystalline  plates.     It  is  used  in  this  country  for  scenting  soap. 

Oils  of  fermented  liquors.  The  substances  usually  fermented  contain  a  small  quantity 
of  essential  oils,  which  become  volatile  along  with  the  alcoholic  vapors  in  distillation, 
and  progressively  increase  as  the  spirits  become  weaker  towards  the  end  of  the  process. 
The  vapors  then  condense  into  a  milky  liquor.  These  oils  adhere  strongly  to  the 
alcohol,  and  give  it  a  peculiar  acrid  taste.     They  differ  according  to  the  vinous  wash 
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from  which  they  are  obtained,  and  combine  with  greater  or  less  facility  with  caustic 
alkalis. 

1.  Oil  of  grain  spirits.  At  the  ordinary  temperature  it  is  partially  a  white  solid; 
when  cooled  lower  it  assumes  the  aspect  of  suet,  and  therefore  consists  chiefly  of  stear- 
essence.  Its  taste  and  smell  are  most  ofl'ensive ;  it  swims  upon  the  surface  of  water, 
and  even  of  spirit  containing  30  per  cent,  of  alcohol.  It  sometimes  derives  a  green 
color  from  the  copper  worm  of  the  still.  When  heated  it  fuses  and  turns  yellow. 
When  it  has  become  resinous  by  the  agency  of  the  atmosphere,  it  gives  a  greasy  stain  to 
paper.  It  dissolves  in  6  parts  of  anhydrous  alcohol,  and  in  two  of  ether ;  and  is  said  to 
crystallize  when  the  spirit  solution  has  been  saturated  with  it  hot,  and  is  allowed  to 
cool.  By  exposure  to  a  freezing  mixture,  the  whiskey  which  contains  it  lets  it  fall. 
Caustic  potash  dissolves  it  very  slowly,  and  forms  a  soap  soluble  in  60  parts  of  water. 
It  is  absorbed  by  wood  charcoal,  and  still  better  by  bone  black ;  whereby  it  may  be  com^ 
pletely  abstracted  from  bad  whiskey.  According  to  Buchner,  another  oil  may  also  be  ob- 
tained from  the  residuum  of  the  second  distillation  of  whiskey,  if  saturated  with  sea  salt, 
and  a2;ain  distilled.  Thus  we  obtain  a  pale  yellow  fluid  oil,  which  does  not  concrete  with 
cold,  possessed  of  a  disaareeable  smell  and  acrid  taste.  Its  specific  gravity  is  0"835.  It 
is  soluble  in  alcohol  and  ether. 

2.  The  oil  from  potato  spirits  has  properties  quite  different  from  the  preceding.  It 
is  obtained  in  considerable  quantity  by  continuing  the  distillation  after  most  of  the  al- 
cohol has  come  over,  and  it  appears  in  the  form  of  a  yellowish  oil,  mixed  with  water 
and  spirits.  After  being  ajilated  first  with  water,  then  with  a  strong  solution  of  mu- 
riate of  lime,  and  distilled  afresh,  it  possesses  the  following  properties ;  it  is  colorless, 
limpid,  has  a  peculiar  smell,  and  a  bitter  hot  taste  of  considerable  permanence.  It 
leaves  no  greasy  slain  upon  paper,  remains  liquid  at  0°  F.,  but  cooled  below  that  point 
it  crystallizes  like  oil  of  anise-seed.  When  piu-e  it  boils  at  257°  F. ;  but  at  a  lower 
degree,  if  it  contains  alcohol.  Its  specific  gravity  is  0-821,  or  0'823  when  it  contains  a 
little  water.  It  burns  with  a  clear  flame  without  smoke,  but  it  easily  goes  out,  if  not 
burned  with  a  wick.  It  dissolves  in  small  quantity  in  water,  to  which  it  imparts  its 
taste  and  the  properties  of  forming  a  lather  by  agitation.  It  dissolves  in  all  proportions 
in  alcohol.  Chlorine  renders  it  green.  Concentrated  sulphuric  acid  converts  it  into  a 
crimson  solution,  from  which  it  is  precipitated  yellow  by  water.  It  dissolves  in  all  pro- 
portions in  acetic  acid.  Concentrated  caustic  leys  dissolve  it,  but  give  it  up  to  water.  It 
does  not  appear  to  be  poisonous,  like  the  oil  of  corn  spirits ;  because,  when  given  by 
spoonfuls  to  dogs,  it  produced  no  other  effect  but  vomiting. 

3.  The  oil  of  brandy  or  grape  spirits  is  obtained  during  the  distillation  of  the  fermented 
residuum  of  expressed  grapes ;  being  produced  immediately  after  the  spirituous  liquor 
has  passed  over.  It  is  very  fluid,  limpid,  of  a  penetrating  odor,  and  an  acrid  disagree- 
able taste.  It  grows  soon  yellow  in  the  air.  When  this  oil  is  distilled,  the  first  portions 
of  it  pass  unchanged,  but  afterwards  it  is  decomposed  and  becomes  empyreumatic.  It  dis- 
solves in  1000  parts  of  water,  and  communicates  to  it  its  peculiar  taste  and  smell.  One 
drop  of  it  is  capable  of  giving  a  disagreeable  flavor  to  ten  old  English  gallons  of  spirits. 
It  combines  with  the  caustic  alkalis,  and  dissolves  sulphur. 

Oil  of  juniper  is  obtained  by  distilling  juniper  berries  along  with  water.  These  should 
be  bruised,  because  their  oil  is  contained  in  small  sacs  or  reservoirs,  which  must  be  laid 
open  before  the  oil  can  escape.  It  is  limpid  and  colorless,  or  sometimes  of  a  faint 
greenish  yellow  color.  Its  specific  gravity  is  0-91 1.  It  has  the  smell  and  taste  of  the 
juniper.  Water,  or  even  alcohol,  dissolves  very  little  of  it.  Gin  contains  a  very  minute 
quantity  of  this  oil.  Like  oil  of  turpentine,  it  imparts  to  the  urine  of  persons  who  swallow 
it,  the  smell  of  violets.  Oil  of  juniper  is  frequently  sophisticated  with  oil  of  turpentine 
introduced  into  the  still  with  the  berries  ;  a  fraud  easily  detected  by  the  diminished  den- 
sity of  the  mixture. 

The  oil  of  lavender  is  extracted  from  the  flowering  spike  of  the  lavandula  spica.  It  is 
yellow,  very  fluid,  has  a  strong  odor  of  the  lavender,  and  a  burning  taste.  The 
specific  gravity  of  the  oil  found  in  commerce  is  0-898  at  the  temperature  of  72°  F.,  and 
of  0-877  when  it  has  been  rectified.  It  is  soluble  in  all  proportions  in  alcohol  of  0-830, 
but  alcohol  of  0-887  dissolves  only  42  per  cent,  of  its  weight.  The  fresh  oil  detonates 
slightly  when  mixed  with  iodine,  with  the  production  of  a  yellow  cloud.  There  occurs 
in  commerce  a  kind  of  oil  of  lavender  known  under  the  name  of  oil  of  aspic  or  oil  of  spike, 
extracted  by  distillation  from  a  wild  variety  of  the  lavandula  spica,  which  has  large 
leaves,  and  is  therefore  called  latifolia.  This  oil  is  manufactured  in  the  south  of  Europe. 
Its  odor  is  less  characteristic  than  that  of  the  lavender,  resembling  somewhat  that  of 
oil  of  turpentine,  with  which  it  is  indeed  often  adulterated.  It  is  also  so  cheap  as 
to  be  sometimes  used  instead  of  the  latter  oil.  Oil  of  lavender  deposites,  when  partially 
exposed  to  the  air,  a  concrete  oil,  which  resembles  camphor,  to  the  amount  of  one  fourth 
of  its  weight. 

Oil  of  lemons  is  extracted  by  pressure  from  the  yellow  peel  of  the  fruit  of  the  lemon,  or 
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citrus  medica.  In  this  state  it  is  a  yellowish  fluid,  having  a  specific  gravity  of  0*8517  ; 
but  when  distilled  along  with  water  till  three  fifths  of  the  oil  have  come  over,  it  is  ob- 
tained in  a  colorless  state,  and  of  a  specific  gravity  of  0*847  at  72°  F.  This  oil  does  not 
become  concrete  till  cooled  to  4°  below  0°  F. 

The  oil  of  lemons  has  a  very  agreeable  smell  of  the  fruit,  which  is  injured  by  distilla- 
tion. It  is  soluble  in  all  proportions  in  anhydrous  alcohol,  but  only  14  parts  dissolve  in 
100  of  spirits  of  wine  of  specific  gravity  0*837.  This  oil,  especially  when  distilled,  forms 
with  muriatic  acid  similar  camphorated  compounds  with  oil  of  turpentine,  absorbing  no 
less  than  280  volumes  of  the  acid  gas. 

Oil  of  lemons  kept  long,  in  ill-corked  bottles,  generates  a  quantity  of  stearessence, 
which  when  dissolved  in  alcohol,  precipitated  by  water,  and  evaporated,  affords  brilliant, 
colorless,  transparent  needles.  Some  acetic  acid  is  also  generated  in  the  old  oil.  Accord- 
ing to  Brandes,  the  specific  gravity  of  oil  of  lemons  is  0-8786. 

The  oil  of  mace  lets  fall,  after  a  certain  time,  a  concrete  oil  under  the  form  of  a  crys- 
talline crust,  called  by  John  niyristicine. 

The  oil  of  nutmegs  is  extracted  chiefly  from  mace,  which  is  the  inner  epidermis  of 
these  nuts.  It  is  colorless,  or  yellowish,  a  little  viscid  with  a  strong  aromatic  odor 
of  nutmegs,  an  acrid  taste,  and  a  specific  gravity  of  0*948.  It  consists  of  two  oils,  which 
may  be  easily  separated  from  each  other  by  agitation  with  water ;  for  one  of  them,  which 
is  more  volatile  and  aromatic,  comes  to  the  surfacfe,  while  the  other,  which  is  denser, 
white,  and  of  a  buttery  consistence,  falls  to  the  bottom.  The  latter  liquefies  by  the  heat 
of  the  hand. 

The  oil  of  orange  Jiowers,  called  neroH,  is  extracted  from  the  fresh  flowers  of  the  citrus 
aurantium.  When  recently  prepared  it  is  yellow ;  but  when  exposed  for  two  hours  to 
the  rays  of  the  sUn,  or  for  a  longer  time  to  diffuse  daylight,  it  becomes  of  a  yellowish- 
red.  It  is  very  fluid,  lighter  than  water,  and  has  a  most  agreeable  smell.  The  aqueous 
solution  known  under  the  name  of  orange-flower  water,  is  used  as  a  perfume.  It  is 
obtained  either  by  dissolving  the  oil  in  water,  or  by  distilling  with  water  the  leaves  cither 
fresh  or  salted  ;  the  first  being  the  stronger,  but  the  last  being  the  more  fragrant  prepar- 
ation. Orange-flower  water  obtained  by  distillation,  contains  besides  the  oil,  a  principle 
which  comes  over  with  it,  of  a  nature  hitherto  unknown  ;  it  possesses  the  property  of  inj- 
parting  to  water  the  faculty  of  becoming  red  with  a  few  drops  of  sulphuric  acid.  The 
water  formed  from  the  oil  alone,  is  destitute  of  this  property.  The  intensity  of  the  rose- 
color  is  a  test  in  some  measure  of  the  richness  of  the  water  in  oU. 

The  oil  of  parsley  is  extracted  from  the  apium  petroselinum.  It  is  of  a  pale  yellow 
color,  having  the  smell  of  the  plant,  and  consists  of  two  oils  separable  by  agitation  in 
water.  Its  lifjuid  part  floats  upon  the  surface  in  a  very  fluid  form ;  its  stearessence, 
which  falls  to  the  bottom,  is  butyraceous  and  crystallizes  at  a  low  temperature.  This 
concrete  oil  melts  at  86°  F. 

The  oil  of  pepper  is  extracted  from  the  piper  nigrum.  In  the  recent  state  it  is  limpid 
and  colorless,  but  by  keeping  it  becomes  yellow.  It  swims  upon  the  surface  of  water. 
In  odor  it  resembles  pepper,  but  is  devoid  of  its  hot  taste. 

The  oil  of  pepper mi7it  is  extracted  from  the  mentha  piperita.  It  is  yellowish,  and  endued 
with  a  very  acid  burning  taste.  Its  specific  gravity  is  0*920.  At  6°  or  7°  below  0°  F., 
it  deposites  small  capillary  crystals.  After  long  keeping  it  affords  a  stearessence  resem- 
bling camphor,  provided  the  oil  had  been  obtained  from  the  dry  plant  gathered  in  flower, 
but  not  from  distillation  of  the  fresh  plant.  When  artificially  cooled,  it  yields  6  per  cent, 
of  stearessence,  which  crystallizes  in  prisms  with  three  sides,  has  an  acrid,  somewhat  rank 
taste,  is  soluble  in  ether  and  alcohol,  and  is  thrown  down  from  the  latter  solution  by  Avater 
in  the  form  of  a  white  powder.  Peppermint  water  is  characterized  by  the  sensation  of 
coolness  which  it  diffuses  in  the  mouth. 

The  oil  of  pimento  is  extracted  from  the  envelopes  of  the  fruits  of  the  myrtus  piimnta, 
which  afford  8  per  cent,  of  it.  It  is  yellowish,  almost  colorless,  of  a  smell  analogous  to 
that  of  cloves,  an  acrid  burning  taste,  and  a  specific  gravity  greater  than  water.  Nitric 
acid  makes  it  first  red,  and  after  the  effervescence,  of  a  rusty  brown  hue.  It  combines 
with  the  salifiable  bases,  like  oil  of  cloves. 

The  Oil  of  rhoiiium  is  extracted  from  the  wood  of  the  convolvolus  scoparius.  It  is  very 
fluid,  and  has  a  yellow  color,  which  in  time  becomes  red.  It  has  somewhat  of  the  rose 
odor,  and  is  used  to  adulterate  the  genuine  otto.  Its  taste  is  bitter  and  aromatic,  which 
it  imparts  to  the  otto  as  well  as  its  fluidity. 

The  oil  of  roses,  called  also  the  attar  or  otto,  is  extracted  by  distillation  from  the  petals 
of  the  rosa  centifolia  and  sempervirens.  Our  native  roses  furnish  such  small  quantities 
of  the  oil,  that  they  are  not  worth  distilling  for  the  purpose.  The  best  way  of  operating 
is  to  return  the  distilled  water  repeatedly  upon  fresh  petals,  and  eventually  to  cool  the 
saturated  water  with  ice ;  whereby  a  little  butyraceous  oil  is  deposited.  But  the  oil 
thus  obtained  has  not  a  very  agreeable  odor,  being  injured  by  the  action  of  the  air  in 
the  repeated  distillations.     In  the  East  Indies,  the  attar  is  obtained  by  stratifying  rose 
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leaves  in  earthen  pans  in  alternate  layers,  with  the  oleiferous  seeds  of  a  species  of  digi- 
talis, called  gengdi,  for  several  days,  in  a  cool  situation.  The  fat  oil  of  the  seed  absorbs 
the  essential  oil  of  the  rose.  By  repeating  this  process  with  fresh  leaves  and  the  same 
seed,  this  becomes  eventually  swollen,  and  being  then  expressed  furnishes  the  oil.  The 
turbid  liquid  thus  obtained  is  left  at  rest,  in  well-closed  vessels,  where  it  gets  clarified. 
The  layer  of  oil  that  floats  on  the  top  is  then  drawn  off  by  a  capillary  cotton  wick,  and 
subjected  to  distillation  along  with  water,  whereby  the  volatile  otto  is  separated  from  the 
fat  seed-oil. 

The  oil  of  roses  is  colorless,  and  possesses  the  smell  of  roses,  which  is  not  however 
agreeable,  unless  when  diffused,  for  in  its  concentrated  state  it  is  far  from  pleasant  to  the 
nostrils,  and  is  apt  to  occasion  headaches.  Its  taste  is  bland  and  sweetish.  It  is  lighter 
than  water,  and  at  the  temperature  of  92^,  its  specific  gravity  compared  to  that  of  water 
at  60°  is  0*832.  At  lower  temperatures  it  becomes  concrete  and  butyraceous ;  and  after- 
wards fuses  at  90°.  It  is  but  slightly  soluble  in  alcohol ;  1000  parts  of  this  liquid  at  0-806 
dissolving  only  1\  parts  at  58°  F.  This  oil  consists  of  two  parts,  the  stearessence  and 
oleiessence ;  the  latter  being  the  more  volatile  odoriferous  portion. 

The  oil  of  rosemary  is  extracted  from  the  rosmariniis  officialis.  It  is  as  limpid  as  water, 
has  the  smell  of  the  plant,  and  in  other  respects  resembles  oil  of  turpentine.  The  oil 
found  in  commerce  has  a  specific  gravity  of  0-9 11,  which  becomes  0-8886  by  rectification. 
It  boils  at  320°  F.  (occasionally  at  329°).  It  is  soluble  in  all  portions  in  alcohol  of  0-830. 
When  kept  in  imperfectly  closed  vessels,  it  deposites  a  stearessence  to  the  amount  of  one 
tenth  of  its  weight,  resembling  camphor.  It  is  sometimes  adulterated  with  oil  of  turpen- 
tine, a  fraud  easily  detected  by  adding  anhydrous  alcohol,  which  dissolves  only  the  oil  of 
rosemary. 

The  oil  of  saffron  is  extracted  from  the  stigmata  of  the  crocus  sativus.  It  is  yellow, 
very  fluid,  falls  to  the  bottom  of  water,  diffuses  the  penetrating  odor  of  the  plant,  and  has 
an  acrid  and  bitter  taste.     It  is  narcotic. 

The  oil  of  sassafras  is  extracted  from  the  woody  root  of  the  laurus  sassafras.  It  is 
colorless,  but  at  the  end  of  a  certain  time  it  becomes  yellow  or  red.  It  has  a  peculiar, 
sweetish,  pretty  agreeable,  but  somewhat  burning  taste.  Its  specific  gravity  is  1-094. 
According  to  Bonastre,  this  oil  separates  by  agitation  with  water  into  an  oil  lighter  and 
an  oil  heavier  than  this  fluid.  When  long  kept,  it  deposites  a  stearessence  in  transparent 
arid  colorless  crystals,  which  have  the  smell  and  taste  of  the  liquid  oil. 

The  oil  of  savine  is  extracted  from  the  leaves  of  the  juniperus  saJbina,  It  is  limpid, 
and  has  the  odor  and  taste  of  the  plant,  which  is  one  more  productive  of  volatile  oil  than 
any  other. 

The  oil  of  tansy  has  a  specific  gi-avity  of  0-946,  the  penetrating  odor  of  the  ianacetum 
vulgare,  with  an  acrid  and  bitter  taste. 

Oil  of  turpentine,  commonly  called  essence  of  turpentine.  It  is  extracted  from  several 
species  of  turpentine,  a  semi-liquid  resinous  substance  which  exudes  from  certain  trees 
of  the  pine  tribe,  and  is  obtained  by  distilling  the  resin  along  with  water.  This  oil  is 
the  cheapest  of  all  the  volatile  species,  and,  as  commonly  sold,  contains  a  little  resin, 
from  which  it  may  be  freed  by  re-distillation  with  water.  It  is  colorless,  limpid,  very 
fluid,  and  has  a  very  peculiar  smell.  Its  specific  gravity  at  60°  is  0-872 ;  that  of  the 
spirit  on  sale  in  the  shops  is  0-876.  This  oil  always  reddens  litmus  paper,  because  it  con- 
tains a  little  succinic  acid. 

100  parts  of  spirits  of  wine,  of  specific  gravity  0-84,  dissolve  only  13|  of  oil  of  turpen- 
tine at  72°  F.  When  agitated  with  alcohol  at  0-830  the  oil  retains  afterwards  one  fifth 
of  its  bulk  of  the  spirit;  hence  this  proposed  method  for  purifying  oil  of  turpentine  is 
defective.  The  oil,  if  left  during  four  months  in  contact  with  air,  is  capable  of  absorbing 
20  times  its  bulk  of  oxygen  gas.  One  volume  of  rectified  oil  of  turpentine  absorbs  at 
the  temperature  of  7*2°,  and  under  the  common  atmospheric  pressure,  163  times  its  vol- 
ume of  muriatic  acid  gas,  provided  the  vessel  be  kept  cool  with  ice.  This  mixture  being 
allowed  to  repose  for  24  hours,  produces  out  of  the  oil  from  26  to  47  per  cent,  of  a  white 
crystalline  substance,  which  subsides  to  the  bottom  of  a  brown,  smoking,  translucent 
liquor.  Others  say  that  100  parts  of  oil  of  turpentine  yield  110  of  this  crystalline 
matter,  which  was  called  by  Kind,  its  discoverer,  artificial  camphor,  from  its  resemblance 
in  smell  and  appearance  to  this  substance.  Both  the  solid  and  the  liquid  are  combina- 
tions of  muriatic  acid  and  oil  of  turpentine;  indicating  the  existence  of  a  stearine  and  an 
oleine  in  the  latter  substance.  The  liquid  compound  is  lighter  than  water,  and  is  not 
decomposed  by  it,  nor  does  it  furnish  any  more  solid  matter  when  more  muriatic  gas  is 
passed  through  it.  The  solid  compound,  after  being  washed  first  with  water  containing 
a  little  carbonate  of  soda,  then  with  pure  water,  and  finally  purified  by  sublimation  with 
some  chalk,  lime,  ashes,  or  charcoal,  appears  as  a  white,  translucent,  crystalline  body,  in 
the  form  of  flexible,  tenacious  needles.  It  swims  upon  the  surface  of  water,  diffuses  a 
faint  smell  of  camphor,  commonly  mixed  with  that  of  oil  of  turpentine,  and  has  rather 
an  aromatic  than  a  camphorated  taste.      It  does  not  redden  litmus  paper.      Water 
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dissolves  a  very  minute  quantity;  but  cold  alcohol  of  0-806  dissolves  fully  one  third  of 
its  weight,  and  hot  much  more,  depositing,  as  it  cools,  this  excess  in  the  form  of  crystals. 
The  solution  is  not  precipitated  by  nitrate  of  silver,  which  shows  that  the  nature  of  the 
muriatic  acid  is  perfectly  masked  by  the  combination.  It  is  composed,  in  100  parts,  of 
76*4  carbon,  9-6  hydrogen,  and  14  muriatic  acid.  The  muriatic  acid,  or  chlorine,  may  be 
separated  by  distilling  an  alcoholic  solution  of  the  artificial  camphor  12  or  14  times  in 
succession  with  slaked  lime. 

Oil  of  turpentine  is  best  preserved  in  casks  enclosed  within  others,  with  water  between 
Ihe  two.     Its  principal  use  is  for  making  varnishes,  and  as  a  remedy  for  the  tape-worm. 

The  oil  of  thyme  is  extracted  from  the  thymus  serpyllum.  It  is  reddish  yellow,  has  an 
agreeable  smell,  and,  after  being  long  kept,  it  lets  fall  a  crystalline  stearessence.  It  is 
used  merely  as  a  perfume. 

The  oil  of  u-ormwood  is  extracted  from  the  artemisia  absinthium.  It  is  yellow,  or 
sometimes  green,  and  possesses  the  odor  of  the  plant.  Its  taste  resembles  that  of 
wormwood,  but  without  its  bitterness.  Its  specific  gravity  is  0*9703,  according  to  Brisson, 
and  0-9725,  according  to  Brandes.  It  detonates  with  iodine  when  it  is  fresh.  Treated 
with  nitric  acid  of  1-25  specific  gravity,  it  becomes  first  blue,  and  after  some  time 
brown. 

OIL  or  VITRIOL  is  the  old  name  of  concentrated  Sulphuric  Acid. 
OLEATES  are  saline  compounds  of  oleic  acid  with  the  bases. 
OLEFIANT  GAS  is  the  name  originally  given  to  bi-carbureted  hydrogen. 
OLEIC  ACID  is  the  acid  produced  by  saponifying  olive  oil,  and  then  separating  the 
base  by  dilute  sulphuric  or  muriatic  acid.     See  Fats,  and  Steabine. 

OLEINE  is  the  thin  oily  part  of  fats,  natui-ally  associated  in  them  with  glycerine, 
margarine,  and  stearine. 

OLIBANUM  is  a  gum-resin,  used  only  as  incense  in  Roman  Catholic  churches. 
OLIVE  OIL.     See  Oils,  unctuous. 

ONYX,  an  ornamental  stone  of  little  value ;  a  subspecies  of  quartz. 
OOLITE  is  a  species  of  limestone  composed  of  globules  clustered  together,  commonly 
without  any  visible  cement  or  base.  These  vary  in  size  from  that  of  small  pin-heads  to 
peas ;  they  sometimes  occur  in  concentric  layers,  at  others  they  are  compact,  or  radiated 
from  the  centre  to  the  circumference  ;  in  which  case,  the  oolite  is  called  roogenstein  by  the 
German  mineralogists.  In  neology  the  oolitic  series  includes  all  the  strata  between  the 
iron  sand  above  and  the  red  marl  below.  It  is  the  great  repository  of  the  best  architect- 
ural materials  which  the  midland  and  eastern  parts  of  England  produce ;  it  is  divided  into 
three  systems  : — 

1.  The  upper  oolite,  including  the  argillo-calcareous  Purbeck  strata,  which  separate  the 
iron  and  oolitic  series;  the  oolitic  strata  of  Portland,  Tisbury, and  Aylesbury  ;  the  calca- 
reous sand  and  concretions,  as  of  Shotover  and  Thame ;  and  the  argillo-calcareous  forma- 
tion of  Kimmeridgc,  the  oak  tree  of  Smith. 

2.  The  middle  oolite ;  the  oolitic  strata  associated  with  the  coral  rag  ;  calcareous  sand 
and  grit ;  great  Oxford  clay,  between  the  oolites  of  this  and  the  following  system. 

3.  The  lower  oolite;  which  contains  numerous  oolitic  strata,  occasionally  subdivided  by 
thin  argillaceous  beds ;  including  the  cornbrash,  forest  marble,  schistose  oolite,  and  sand 
of  Stonesfield  and  Hinton,  great  oolite  and  inferior  oolite  ;  calcareo-silicious  sand  passing 
into  the  inferior  oolite  ;  sreat  argillo-calcareous  foimation  of  lias,  and  lias  marl,  constitu- 
ting the  base  of  the  whole  series. 

These  formations  occupy  a  zone  30  miles  broad  in  England. 

OOST,  or  OAST  ;  the  trivial  or  provincial  name  of  the  stove  in  which  the  picked  hops 
are  dried. 

OPAL  ;  an  ornamental  stone  of  moderate  value.     See  Lapidary. 

OPERAMETER  is  the  name  given  to  an  apparatus  patented  in  February,  1829,  by 
Samuel  Walker,  cloth  manufacturer,  in  the  parish  of  Leeds.  It  consists  of  a  train  of 
toothed  wheels  and  pinions  enclosed  in  a  box,  having  indexes  attached  to  the  central 
arbor,  like  the  hands  of  a  clock,  and  a  dial  plate ;  whereby  the  number  of  rotations  of  a 
shaft  projecting  from  the  posterior  part  of  the  box  is  shown.  If  this  shaft  be  connected 
by  any  convenient  means  to  the  working  parts  of  a  gig  mill,  shearing  frame,  or  any  other 
machinery  of  that  kind  for  dressing  cloths,  the  number  of  rotations  made  by  the  operating 
machine  will  be  exhibited  by  the  indexes  upon  the  dial  plate  of  this  apparatus.  In  dress- 
ing cloths,  it  is  often  found  that  too  little  or  too  much  work  has  been  expended  upon  them, 
in  consequence  of  the  unskilfulness  or  inattention  of  the  workmen.  By  the  use  of  the 
operameter,  that  evil  will  be  avoided,  as  the  master  may  regulate  and  prescribe  beforehand 
by  the  dial  the  number  of  turns  which  the  wheels  should  perform. 

A  similar  clock-work  mechanism,  called  a  counter,  has  been  for  a  great  many  years 
employed  in  the  cotton  factories  to  indicate  the  number  of  revolutions  of  the  main  shaft 
of  the  mill,  and  of  course  the  quantity  of  yarn  that  might  or  should  be  spun,  or  of  cloth 
that  might  be  woven  in  the  power  looms.      A  common  pendulum  or  spring  clock  is 
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commonly  set  up  alongside  of  the  counter ;  and  sometimes  the  indexes  of  both  are  regu- 
lated to  go  together,  when  the  mill  performs  its  average  work. 

OPIUM,  is  the  juice  which  exudes  from  incisions  made  in  the  heads  of  ripe  poppies, 
{papaver  somniferum,)  rendered  concrete  by  exposure  to  the  air  and  the  sun.  The  best 
opium  which  is  found  in  the  European  markets  comes  from  Asia  Minor  and  Egypt ; 
what  is  imported  from  India  is  reckoned  inferior  in  quality.  This  is  the  most  valuable  of 
aU  the  vegetable  products  of  the  gum-resin  family  :  and  very  remarkable  for  the  complexity 
of  its  chemical  composition.  Though  examined  by  many  able  analysts,  it  still  requires 
further  elucidation. 

Opium  occurs  in  brown  lumps  of  a  rounded  form  about  the  size  of  the  fist,  and 
often  larger ;  having  their  surface  covered  with  the  seeds  and  leaves  of  a  species  of 
rumex,  for  the  purpose  of  preventing  the  mutual  adhesion  of  the  pieces  in  their  semi- 
indurated  state.  These  seeds  are  sometimes  introduced  into  the  interior  of  the  masses 
to  increase  their  weight ;  a  fraud  easily  detected  by  cutting  them  across.  Good  opium 
is  hard  in  the  cold,  but  becomes  flexible  and  doughy  when  it  is  worked  between  the  hot 
hands.  It  has  a  characteristic  smell,  which  by  heat  becomes  stronger,  and  very  offensive 
to  the  nostrils  of  many  persons.  It  has  a  very  bitter  taste.  Water  first  softens,  and 
then  reduces  it  to  a  pasty  magma.  Proof  spirit  digested  upon  opium  forms  laudanum, 
being  a  better  solution  of  its  active  parts  than  can  be  obtained  by  either  water  or  strong 
alcohol  alone.  Water  distilled  from  it  acquires  its  peculiar  smell,  but  carries  over  no 
volatile  oil. 

Opium  was  analyzed  by  Bucholz  and  Braconnot,  but  at  a  period  anterior  to  the 
knowledge  of  the  alkaline  properties  of  morphia  and  opian  (narcotine).  Bucholz 
found  in  100  parts  of  it,  9-0  of  resin  ;  30-4  of  gum;  35-6  of  extractive  matter  ;  4-8  of 
caoutchouc  ;  1 1-4  of  gluten ;  2-0  of  ligneous  matter,  as  seeds,  leaves,  &c. ;  6-8  of  water 
and  loss.  John,  who  made  his  analysis  more  recently,  obtained  2-0  parts  of  a  rancid 
nauseous  fat ;  12-0  of  a  brown  hard  resin  ;  10-0  of  a  soft  resin  ;  2  of  an  elastic  substance ; 
12"0  of  morphia  and  opian  ;  1-0  of  a  balsamic  extract ;  25-0  of  extractive  matter ;  2-5  of 
the  meconates  of  lime  and  magnesia ;  18-5  of  the  epidermis  of  the  heads  of  the  poppy ; 
15  of  water,  salts,  and  odorous  matter. 

In  the  Numbers  of  the  Quarterly  Journal  of  Science  for  January  and  June,  1830, 
I  published  two  papers  upon  opium  and  its  tests,  containing  the  results  of  researches  made 
upon  some  porter  which  had  been  fatally  dosed  with  that  drug ;  for  which  crime,  a  man 
and  his  wife  had  been  capitally  punished,  about  a  year  before,  in  Scotland.*  From  the 
first  of  these  papers  the  following  extract  is  made  : — 

"Did  the  anodyne  and  soporific  virtue  of  opium  reside  in  one  definite  principle, 
chemical  analysis  might  furnish  a  certain  criterion  of  its  powers.  It  has  been  pretty 
generally  supposed  that  this  desideratum  is  supplied  by  Sertiirner's  discovery  of  morphia. 
Of  this  narcotic  alkali  not  more  than  7  parts  can  be  extracted  by  the  most  rigid 
analysis  from  100  of  the  best  Turkey  opium ;  a  quantity,  indeed,  somewhat  above  the 
average  result  of  many  skilful  chemists.  Were  morphia  the  real  medicinal  essence  of 
the  poppy,  it  should  display,  when  administered  in  its  active  saline  state  of  acetate,  an 
operation  on  the  living  system  commensurate  in  energy  with  "the  fourteen-fold  concen- 
tration which  the  opium  has  undergone.  But  so  far  as  may  be  judged  from  the  most 
authentic  recent  trials,  morphia  in  the  acetate  seems  to  be  little,  if  any,  stronger  as  a 
narcotic  than  the  heterogeneous  drug  from  which  it  has  been  eliminated.  Mr.  John 
Murray's  experiments  would,  in  fact,  prove  it  to  be  greatly  weaker ;  for  he  gave  2 
drachms  of  superacetate  of  morphia  to  a  cat,  without  causing  any  poisonous  disorder. 
This  is  perhaps  an  extreme  case,  and  may  seem  to  indicate  either  some  defect  in  the 
preparation,  or  an  uncommon  tenacity  of  life  in  the  animal.  To  the  same  effect 
Lassaigne  found  that  a  dog  lived  12  hours  after  36  grains  of  acetate  of  morphia  in 
watery  solution  had  been  injected  into  its  jugular  vein.  The  morphia  meanwhile  was 
entirely  decomposed  by  the  vital  forces,  for  none  of  it  could  be  detected  in  the  blood 
drawn  from  the  animal  at  the  end  of  that  period.  Now,  from  the  effects  produced  by  5 
grains  of  watery  extract  of  opium,  injected  by  Orfila  into  the  veins  of  a  dog,  we  may  con- 
clude that  a  quantity  of  it,  equivalent  to  the  above  dose  of  the  acetate  of  morphia,  would 
have  proved  speedily  fatal. 

"  Neither  can  we  ascribe  the  energy  of  opium  to  the  white  crystalline  substance  called 
narcotine,  or  opian,  extracted  from  it  by  the  solvent  agency  of  sulphuric  ether ;  for  Orfila 
assures  us  that  these  crystals  may  be  swallowed  in  various  forms  by  man,  even  to  the 
amount  of  2  drachms  in  the  course  of  12  hours,  with  impunity ;  and  that  a  drachm  of  it 
dissolved  in  muriatic  or  nitric  acid  may  be  administered  in  the  food  of  a  dog  without 
producing  any  inconvenience  to  the  animal.     It  appears,  however,  on  the  same  authority, 

*  A  country  merchant  travelling  in  a  steam-boat  upon  the  river  Clyde,  who  had  incautiously  displayed 
a  g-ood  deal  of  money,  was  poisoned  witli  porter  charged  with  laudanum.  The  contents  of  the  dead  man's 
itomach  were  sent  to  me  for  analysis. 
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that  30  grains  of  it  dissolved  in  acetic  or  sulphuric  acid  caused  dogs  that  had  swallowed 
the  dose  to  die  under  convulsions  in  the  space  of  24  hours,  while  the  head  was  thrown 
backwards  on  the  spine.  Oil  seems  to  be  the  most  potent  menstruum  of  narcotine  ;  for 
3  grains  dissolved  in  oil  readily  kill  a  dog,  whether  the  dose  be  introduced  into  the  stom- 
ach or  into  the  jugular  vein. 

"  Since  a  bland  oil  thus  seems  to  develop  the  peculiar  force  of  narcotine,  and  since 
opium  affords  to  ether,  and  also  to  ammonia,  an  unctuous  or  fatty  matter,  and  a  resin 
(the  caoutchouc  of  Bucholz)  to  absolute  alcohol,  we  are  entitled  to  infer  that  the  activity 
of  opium  is  due  to  its  state  of  composition,  to  the  union  of  an  oleate  or  margarate  of  nar- 
cotine with  morphia.  The  meconic  acid  associated  with  this  salifiable  base  has  no  nar- 
cotic power  by  itself,  but  may  probably  promote  the  activity  of  the  morphia." 

Opian  or  narcotine,  and  morphia,  may  be  well  prepared  by  the  following  process. 
The  watery  infusion  of  opium  being  evaporated  to  the  consistence  of  an  extract,  every 
3  parts  are  to  be  diluted  with  one  and  a  half  parts  in  bulk  of  water,  and  then  mixed  in 
a  retort  with  20  parts  of  ether.  As  soon  as  5  parts  of  the  ether  have  been  distilled 
over,  the  narcotic  salt  contained  in  the  extract  will  be  dissolved.  The  fluid  contents  of 
the  retort  are  to  be  poured  hot  into  a  vessel  apart,  and  the  residuum  being  washed  with 
5  other  parts  of  ether,  they  are  to  be  added  to  the  former.  Crystals  of  narcotine  will  be 
obtained  as  the  solution  cools.  The  remaining  extract  is  to  be  diluted  in  the  retort 
with  a  little  water,  and  the  mixture  set  aside  in  a  cool  place.  After  some  time,  some 
narcotine  will  be  found  crystallized  at  the  bottom.  The  supernatant  liquid  thus 
freed  from  narcotine  being  decanted  off,  is  to  be  treated  with  caustic  ammonia;  and 
the  precipitate  thrown  upon  a  filter.  This,  when  well  washed  and  dried,  is  to  be 
boiled  with  a  quantity  of  spirit  of  wine  at  0-84,  equal  to  thrice  the  weight  of  the 
opium  employed,  containing  6  parts  of  animal  charcoal  for  every  hundred  parts  of  the 
drug.  The  alcoholic  solution  being  filtered  hot,  afibrds,  on  cooling,  colorless  crystals 
of  morphia. 

This  alkali  may  be  obtained  by  a  more  direct  process  without  alcohol  or  ether.  A  solu- 
tion of  opium  in  vinegar,  is  to  be  precipitated  by  ammonia ;  the  washed  precipitate  is  to 
be  dissolved  in  dilute  muriatic  acid,  the  solution  is  to  be  boiled  along  with  powdered  bone 
black,  filtered,  and  then  precipitated  by  ammonia.  This,  when  washed  upon  a  filter  and 
diied,  is  white  morphia,  which  maybe  dissolved  in  hot  alcohol,  if  fine  crystals  be  wanted. 
See  Morphia. 

Opium,  quantity  of, 


Imported. 

Retained  for  con- 
sumption. 

Exported. 

Year. 
1835. 
1836. 

Lbs. 
85,481 
130,794 

Lbs. 
31,181 
38,943 

Lbs. 

74,126 

70,824 

It  is  occasionally  used  in 


Duty,  at  present.  Is.  per  lb. 

OPOBALSAM  is  the  balsam  of  Peru  in  a  dry  state. 

OPOPONAX  is  a  gum-resin  resembling  gum  ammoniac, 
medicine. 

ORANGE  DYE  is  given  by  a  mixture  of  red  and  yellow  dyes  in  various  proportions. 
Annotto  alone  dyes  orange ;  but  it  is  a  fugitive  color. 

ORCINE  is  the  name  of  the  coloring  principle  of  the  lichen  dealbatus.  The 
lichen  dried  and  pulverized  is  to  be  exhausted  by  boiling  alcohol.  The  solution 
filtered  hot,  lets  fall  in  the  cooling  crystalline  flocks,  which  do  not  belong  to  the 
coloring  matter.  The  supernatant  alcohol  is  to  be  distilled  off,  the  residuum  is  to 
be  evaporated  to  the  consistence  of  an  extract,  and  triturated  with  water  till  this  liquid 
will  dissolve  no  more.  The  aqueous  solution  reduced  to  the  consistence  of  sirup,  and 
left  to  itself  in  a  cool  place,  lets  fall,  at  the  end  of  a  few  days,  long  brown  brittle 
needles,  which  are  to  be  freed  by  pressure  from  the  mother  water,  and  dried.  That 
water  being  treated  with  animal  charcoal,  filtered  and  evaporated,  will  yield  a  second 
crop  of  crystals.  These  are  orcine.  Its  taste  is  sweet  and  nauseous ;  it  melts  readily 
in  a  retort  into  a  transparent  liquid,  and  distils  without  undergoing  any  changes.  It  is 
soluble  in  water  and  alcohol.  Nitric  acid  colors  it  blood-red ;  which  color  afterwards 
disappears.  Subacetate  of  lead  precipitates  it  completely.  Its  conversion  into  the  archil 
red  is  effected  by  the  action  of  an  alkali,  in  contact  with  the  air.  When  dissolved, 
for  example,  in  ammonia,  and  exposed  to  the  atmosphere,  it  takes  a  dirty  brown  red 
hue ;  but  when  the  orcine  is  exposed  to  air  charged  with  vapors  of  ammonia,  it  assumes 
by  degrees  a  fine  violet  color.  To  obtain  this  result,  the  orcine  in  powder  should  be 
placed  in  a  capsule,  alongside  of  a  saucer  containing  water  of  ammonia  ;  and  both 
should  be  covered  by  a  large  bell  glass ;  whenever  the  orcine  has  acquired  a  dark 
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brown  cast,  it  must  be  withdrawn  from  under  the  bell,  and  the  excess  of  ammonia  be 
allowed  to  volatilize.  As  soon  as  the  smell  of  ammonia  is  gone,  the  orcine  is  to  be  dis- 
solved in  water ;  and  then  a  few  drops  of  ammonia  being  poured  into  the  brownish 
liquid,  it  assumes  a  magnificent  reddish-violet  color.  Acetic  acid  precipitates  the  red 
lake  of  lichen. 

ORES  (Mines,  Fr. ;  -Erse,  Germ.),  are  the  mineral  bodies  which  contain  so  much 
metal  as  to  be  worth  the  smelting,  or  being  reduced  by  fire  to  the  metallic  state.  The 
substances  naturally  combined  with  metals,  which  mask  their  metallic  characters,  are 
chiefly  oxygen,  chlorine,  sulphur,  phosphorus,  selenium,  arsenic,  water,  and  several  acids, 
of  which  the  carbonic  is  the  most  common.  Some  melals,  as  gold,  silver,  platinum,  often 
occur  in  the  metallic  state,  either  alone,  or  combined  with  other  metals,  constituting  what 
are  called  native  alloys. 

I  have  described  in  the  article  Mine,  the  general  structure  of  the  great  metallic 
repositories  witHln  tlie  earth,  as  well  as  the  most  approved  methods  of  bringing  them 
to  the  surface ;  and  in  the  article  Metallurgy,  the  various  mechanical  and  chemical 
operations  requisite  to  reduce  the  ores  into  pure  metals.  Under  each  particular  metal, 
moreover,  in  its  alphabetical  place,  will  be  found  a  systematic  account  of  its  most  impor- 
tant ores. 

Relatively  to  the  theory  of  the  smelting  of  ores,  the  following  observations  may 
be  made.  It  is  probable  that  the  coaly  matter  employed  in  that  process  is  not  the 
immediate  agent  of  their  reduction  ;  but  the  charcoal  seems  first  of  all  to  be  transformed 
by  the  atmospherical  oxj'gen  into  the  oxyde  of  carbon ;  which  gaseous  product  then 
surrounds  and  penetrates  the  interior  substance  of  the  oxydes,  with  the  effect  of  decom- 
posing thern,  and  carrying  off  their  oxygen.  That  this  is  the  true  mode  of  action,  is 
evident  from  the  well-known  facts,  that  bars  of  iron,  stratified  with  pounded  charcoal, 
in  the  steel  cementation-chest,  most  readily  absorb  the  carbonaceous  principle  to  their 
innermost  centre,  while  their  surfaces  get  blistered  by  the  expansion  of  carbureted 
gases  formed  within ;  and  that  an  intermixture  of  ores  and  charcoal  is  not  always 
necessary  to  reduction,  but  merely  an  interstratificalion  of  the  two,  without  intimate 
contact  of  the  particles.  In  this  case,  the  carbonic  acid  which  is  generated  at  the  lower 
surfaces  of  contact  of  the  strata,  rising  up  through  the  first  bed  of  ignited  charcoal,  be- 
comes converted  into  carbonic  oxyde ;  and  this  gaseous  matter,  passing  up  through  the 
next  layer  of  ore,  seizes  its  oxygen,  reduces  it  to  metal,  and  is  itself  thereby  transformed 
once  more  into  carbonic  acid ;  and  so  on  in  continual  alternation.  It  may  be  laid 
down,  however,  as  a  general  rule,  that  the  reduction  is  the  more  rapid  and  complete,  the 
more  intimate  the  mixture  of  the  charcoal  and  the  metallic  oxyde  has  been,  because  the 
formation  of  both  the  carbonic  acid  and  carbonic  oxyde  becomes  thereby  more  easy  and 
direct.  Indeed,  the  cementation  of  iron  bars  into  steel  will  not  succeed,  unless  the 
charcoal  be  so  porous  as  to  contain,  interspersed,  enough  of  air  to  favor  the  commence- 
ment of  its  conversion  into  the  gaseous  oxyde ;  thus  acting  like  a  ferment  in  brewing. 
Hence  also  finely  pulverized  charcoal  does  not  answer  well ;  unless  a  quantity  of  ground 
iron  cinder  or  oxyde  of  manganese  be  blended  with  it,  to  afford  enough  of  oxygen  to  be- 
gin the  generation  of  carbonic  oxyde  gas;  whereby  the  successive  transformations  into 
acid,  and  oxyde,  are  put  in  train. 

ORPIMENT  (Eng.  and  Fr.,  Yellow  sulphuret  of  arsenic ;  Operment,  Rauschgelb,  Germ.), 
occurs  in  indistinct  crystalline  particles,  and  sometimes  in  oblique  rhomboidal  prisms  ; 
but  for  the  most  part,  in  kidney  and  other  imitative  forms;  it  has  a  scaly  and  granular 
aspect ;  texture  foliated,  or  radiated ;  fracture  small  granular,  passing  into  conchoidal ; 
splintery,  opaque,  shining,  with  a  weak  diamond  lustre;  lemon,  orange,  or  honey  yellow; 
sometimes  green  ;  specific  gravity,  3-44  to  3-6.  It  is  found  in  floetz  rocks,  in  marl,  clay, 
sand-stone,  along  with  realgar,  lead-glance,  pyrites,  and  blende,  in  many  parts  of  the 
world.     It  volatilizes  at  the  blowpipe.     It  is  used  as  a  pigment. 

The  finest  specimens  come  from  Persia,  in  brilliant  yellow  masses,  of  a  lamellar  tex- 
ture, called  golden  orpiment. 

Artificial  orpiment  is  manufactured  chiefly  in  Saxony,  by  subliming  in  cast  iron  cucur- 
bits, surmounted  by  conical  cast-iron  capitals,  a  mixture  in  due  proportions  of  sulphur 
and  arsenious  acid  (white  arsenic).  As  thus  obtained,  it  is  in  yellow  compact  opaque 
masses,  of  a  glassy  aspect ;  affording  a  powder  of  a  pale  yellow  color.  Genuine 
orpiment  is  often  adulterated  with  an  ill-made  compound ;  which  is  sold  in  this 
country  by  the  preposterous  name  of  king's  yellow.  This  fictitious  substance  is  fre- 
quently nothing  else  than  white  arsenic  combined  with  a  little  sulphur ;  and  is  quite 
soluble  in  water.  It  is  therefore  a  deadly  ])oison,  and  has  been  administered  with 
criminal  intentions  and  fatal  effects.  I  had  occasion,  some  years  ago,  to  examine  such 
a  specimen  of  king's  yellow,  with  which  a  woman  had  killed  her  child.  A  proper 
insoluble  sulphuret  of  arsenic,  like  the  native  or  the  Saxon,  may  be  prepared  by  trans- 
mitting sulphureted  hydrogen  gas  through  any  arsenical  solution.  It  consists  of  38*09 
sulphur,  and  60-92  of  metallic  arsenic,  and  is  not  remarkably  poisonous.     The  finest 
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kinds  of  native  orpiment  are  reserved  for  artists  ;  the  inferior  are  used  for  the  indigo  vat. 
They  are  all  soluble  in  alkaline  leys,  and  in  Avater  of  ammonia. 

ORYCTNOGNOSY  is  the  name  given  by  Werner  to  the  knowledge  of  minerals ;  and 
is  therefore  synonymous  with  the  English  term  Mineralogy. 

OSTEOCOLLA  is  the  glue  obtained  from  bones,  by  removing  the  earthy  phos- 
phates with  muriatic  acid,  and  dissolving  the  cartilaginous  residuum  in  water  at  a  tem- 
perature considerably  above  the  boiling  point,  by  means  of  a  digester.  It  is  a  very  indif- 
ferent article. 

OSMIUM  is  a  metal  discovered  by  Mr.  Tennant  in  1803,  among  the  grains  of  native 
platinum.  It  occurs  also  associated  with  the  ore  of  iridium.  As  it  has  not  been  applied 
to  any  use  in  the  arts,  I  shall  reserve  any  chemical  observations  that  the  subject  may  re- 
quire for  the  article  Platinum. 

OXALATES  are  saline  compounds  of  the  bases  with 

OXALIC  ACID  {Jlcide  oxalique,  Fr. ;  Sauerkleesailre,  Germ.),  which  is  the  object 
of  a  considerable  chemical  manufacture.  It  is  usually  prepared  upon  the  small  scale  by 
digesting  four  parts  of  nitric  acid  of  specific  gravity  1'4,  upon  one  part  of  sugar,  in  a  glass 
retort;  but  on  the  large  scale,  in  a  series  of  salt-glazed  stoneware  pipkins,  two  thirds 
filled,  and  set  in  a  water  bath.  The  addition  of  a  little  sulphuric  acid  has  been  found  to 
increase  the  product.  15  pounds  of  sugar  yield  fully  17  pounds  of  the  crystalline  acid. 
This  acid  exists  in  the  juice  of  wood  sorrel,  the  oxalis  acetosella,  in  the  state  of  a  bi- 
oxalate  ;  from  which  the  salt  is  extracted  as  an  object  of  commerce  in  Switzerland,  and 
sold  under  the  name  of  salt  of  sorrel,  or  sometimes,  most  incorrectly,  under  that  of  salt 
of  lemons. 

Some  prefer  to  make  oxalic  acid  by  acting  upon  4  parts  of  sugar,  with  24  parts  of 
nitric  acid  of  specific  gravity  ]*220,  heating  the  solution  in  a  retort  till  the  acid  begins 
to  decompose,  and  keeping  it  at  this  temperature  as  long  as  nitrous  gas  is  disengaged. 
The  sugar  loses  a  portion  of  its  carbon,  which  combining  with  the  oxygen  of  the  nitric 
acid,  becomes  carbonic  acid,  and  escapes  along  with  the  deutoxyde  of  nitrogen.  The  re- 
maining carbon  and  hydrogen  of  the  sugar  being  oxydized  at  the  expense  of  the  nitric  acid, 
generate  a  mixture  of  two  acids,  the  oxalic  and  the  malic.  Whenever  gas  ceases  to  issue, 
the  retort  must  be  removed  from  the  source  of  heat,  and  set  aside  to  cool;  the  oxalic  acid 
ci7stallizes,  but  the  malic  remains  dissolved.  After  draining  these  crystals  upon  a  filter 
funnel,  if  the  brownish  liquid  be  further  evaporated,  it  will  furnish  another  crop  of  them. 
The  residuarv'  mother  water  is  generally  regarded  as  malic  acid,  but  it  also  contains  both 
oxalic  and  nitric  acids ;  and  if  heated  with  6  parts  of  the  latter  acid,  it  will  yield 
a  good  deal  more  oxalic  acid  at  the  expense  of  the  malic.  The  brown  crystals 
now  formed  being,  however,  penetrated  with  nitric,  as  well  as  malic  acid,  must  be 
allowed  to  dry  and  effloresce  in  warm  dry  air,  whereby  the  nitric  acid  will  be  £:ot  rid  of 
without  injury  to  the  oxalic.  A  second  crystallization  and  efflorescence  will  entirely 
dissipate  the  remainder  of  the  nitric  acid,  so  as  to  afl'ord  pure  oxalic  acid  at  the  third 
crystallization.  Sugar  affords,  with  nitric  acid,  a  purer  oxalic  acid,  but  in  smaller 
quantity,  than  saw-dust,  glue,  silk,  hairs,  and  several  other  animal  and  vegetable 
substances. 

Oxalic  acid  occurs  in  aggregated  prisms  when  it  crystallizes  rapidly,  but  in  tables  of 
greater  or  less  thickness  when  slowly  formed.  They  lose  their  water  of  crystallization 
in  the  open  air,  fall  into  powder,  and  weish  0-28  less  than  before;  but  still  retain 
0'14  parts  of  water,  which  the  acid  does  not  part  with  except  in  favor  of  another  oxyde, 
as  when  it  is  combined  with  oxyde  of  lead.  The  effloresced  acid  contains  20  per  cent,  of 
water,  according  to  Berzelius.  By  my  analysis,  the  crystals  consist  of  three  prime 
equivalents,  of  water  =  27,  combined  with  one  of  dry  oxalic  acid  =  36 ;  or  in  100 
parts,  of  42-86  of  water  with  57*  14  of  acid.  The  acid  itself  consists  of  2  atoms  of  carbon 
=  12,  -(-  3  of  oxygen  =  24  ;  of  which  the  sum  is,  as  above  stated,  36.  This  acid  has  a 
sharp  sour  taste,  and  sets  the  teeth  on  edge  ;  half  a  pint  of  water,  containing  only  1  gr.  of 
acid,  very  sensibly  reddens  litmus  paper.  Nine  parts  of  water  dissolve  one  part  of  the 
crystals  at  60'  F.  and  form  a  solution,  of  spec.  grav.  1'045,  which  when  swallowed  acts 
as  a  deadly  poison.  Alcohol  also  dissolves  this  acid.  It  difi'ers  from  all  the  other  acid  pro- 
ducts of  the  vegetable  kingdom,  in  containing  no  hydrogen,  as  I  demonstrated  (in  my 
paper  upon  the  ultimate  analysis  of  organic  bodies,  published  in  the  Phil.  Trans,  for  1822), 
by  its  giving  out  no  muriatic  acid  gas,  when  heated  in  a  glass  tube  with  calomel  or  cor- 
rosive sublimate. 

Oxalic  acid  is  employed  chiefly  for  certain  styles  of  discharge  in  calico-printing  (which 
see),  and  for  whitening  the  leather  of  boot-tops.  Oxalate  of  ammonia  is  an  excellent  re- 
agent for  detecting  lime  and  its  salts  in  any  solution.  The  acid  itself,  or  the  bi-oxalate 
of  potash,  is  often  used  for  removing  ink  or  iron-mould  stains  from  linen. 

A  convenient  plan  of  testing  the  value  of  peroxyde  of  manganese  for  bleachers,  &c., 
originally  proposed  by  Berthier,  has  been  since  simplified  by  Dr,  Thomson,  as  follows. 
In  a  poised  Florence  flask  weigh  600  grains  of  water,  and  75  grains  of  crjstallized  oxalic 
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aeid  ;  add  50  grains  of  the  manganese,  and  as  quickly  as  possible  afterwards  from  150  to 
200  grains  of  concentrated  sulphuric  acid.  Cover  the  mouth  of  the  flask  with  paper,  and 
leave  it  at  rest  for  24  hours.  The  loss  of  weight  it  has  now  suffered,  corresponds  exactly 
to  the  weight  of  peroxyde  of  manganese  present ;  because  the  quantity  of  carbonic  acid 
producible  by  the  reaction  of  the  oxalic  acid  with  the  peroxyde,  is  precisely  equal  to  the 
weight  of  the  peroxyde,  as  the  doctrine  of  chemical  equivalents  shows. 

OXYDES  are  neutral  compounds,  containing  oxygen  in  equivalent  proportion. 

OXYSELS  are  salts,  consisting  of  oxygenated  acids  and  oxydes,  to  distinguish  them 
from  the  HALosELS,  which  are  salts  consisting  of  one  of  the  archa;al  elements ;  such  as 
chlorine,  iodine,  bromine,  &c.  combined  with  metals.     See  Salt. 

OXYGEN  (Oxyglne,  Ft.  ;  Sauerstoff,  Germ.),  is  a  body  which  can  be  examined 
only  in  the  gaseous  form ;  for  which  purpose  it  is  most  conveniently  obtained  in  a  pure 
state  by  exposing  chlorate  of  potash,  or  red  oxyde  of  mercury,  in  a  glass  retort,  or 
recurved  tube,  to  the  heat  of  a  spirit  lamp  ;  100  grains  of  the  salt  yield  115  cubic  inches 
of  gas.  One  pound  of  nitre,  ignited  in  an  iron  retort,  gives  out  about  1200  cubic  inches 
of  oxygen,  mixed  with  a  little  nitrogen.  The  peroxyde  of  manganese  also  atibrds  it, 
either  by  ignition  alone  in  an  iron  or  earthen  retort,  or  by  a  lamp  heat  in  a  glass  retort, 
when  mixed  with  sulphuric  acid.  Oxygen  is  void  of^  taste,  color,  and  smell.  It  possesses 
all  the  mechanical  properties  of  the  atmosphere.  Its  specific  gravity  is  1"1026  compared 
to  air  1*0000 ;  whence  100  cubic  inches  of  it  weigh  33-85  grains.  Combustibles,  even 
ii'on  and  diamonds,  once  kindled,  burn  in  it  most  splendidly.  It  forms  21  parts  in  100  by 
volume  of  air,  being  the  constituent  essential  to  the  atmospheric  functions  of  supporting 
animal  and  vegetable  life,  as  well  as  flame. 

The  full  development  of  this  subject  in  its  multifarious  relations,  will  be  discussed  in 
my  forthcoming  new  system  of  chemistry. 

OxYGENATED-MuRiATic,  and  OxYMURiATic,  are  the  names  originally  given  by  the 
French  chemists,  from  false  theoretical  notions,  to  chlorine,  which  Sir  H.  Davy  proved  to 
be  an  undecompounded  substance. 


PACKFONG  is  the  Chinese  name  of  the  alloy  called  white  copper,  or  German 
silver. 

PACO,  or  PACOS,  is  the  Peruvian  name  of  an  earthy-looking  ore,  which  con- 
sists of  brown  oxyde  of  iron,  with  imperceptible  particles  of  native  silver  disseminated 
through  it. 

PADDING  MACHINE  (Machine  h  plaquer,  Fr. ;  Klatsch,  or  Grundirmaschine, 
Germ.),  in  calico-printing,  is  the  apparatus  for  imbuing  a  piece  ol  cotton  cloth 
uniformly  with  any  mordant.     In  Jig.  774,  a  b  c  d  represents  in  section  a  cast  iron 

frame,  supporting  two  opposite 
standards  above  m,  in  whose  vertical 
slot  the  gudgeons  a  b,  of  two  copper 
or  bronze  cylinders  e  f,  run ;  the 
gudgeons  of  e  turn  upon  fixed 
brasses  or  plummer  blocks ;  but  the 
superior  cylinder  f  rests  upon  the 
surface  of  the  under  one,  and  may 
be  pressed  down  upon  it  with 
greater  or  less  force  by  means  of 
the  weighted  lever  d  e  f  g,  whose 
centre  of  motion  is  at  d,  and  which 
bears  down  upon  the  axle  of  f. 
K  is  the  roller  upon  which  the  pieces 
of  cotton  cloth  intended  to  be  pad- 
ded are  wound ;  several  of  them 
being  stitched  endwise  together. 
They  receive  tension  from  the  ac- 
tion of  a  weighted  belt  o,  n,  which 
passes  round  a  pulley  n,  upon  the 
end  of  the  roller  k.  The  trough  g, 
which  contains  the  coloring  mat- 
ter or  mordant,  rests  beneath  the 
cylinder  upon  the  table  l,  or  other 
convenient  support.  About  two  inches  above  the  bottom  of  the  trough,  there  is  a 
copper  dip-roller  c,  under  which  the  cloth  passes,  after  going  round  the  guide  roller  m. 
Upon  escaping  from  the  trough,  it  is  drawn  over  the  half-round  stretcher-bar  at  i,  grooved 
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obliquely  right  and  left,  as  shown  at  n,  whereby  it  acquires  a  diverging  extension 
from  the  middle,  and  enters  v/dh  a  smooth  surface  between  the  two  cylinders  e  f. 
These  are  lapped  round  6  or  7  times  with  cotton  cloth,  to  soften  and  equalize  their 
pressure.  The  piece  of  goods  glides  obliquely  upwards,  in  contact  with  one  third  of 
the  cylinder  f,  and  is  finally  wound  about  the  uppermost  roller  h.  The  gudgeon  of  H 
revolves  in  the  end  of  the  radius  h,  k,  which  is  jointed  at  k,  and  moveable  by  a  mortise  at  i 
along  the  quadrantal  arc  towards  /,  as  the  roller  k  becomes  enlarged  by  the  convolutions 
of  the  web.  The  under  cylinder  e  receives  motion  by  a  pulley  or  rigger  upon  its  op- 
posite end,  from  a  band  connected  with  the  driving-shaft  of  the  printshop.  To  ensure 
perfect  equability  in  the  application  of  the  mordant,  the  goods  are  in  some  works  passed 
twice  through  the  trough ;  the  pressure  being  increased  the  second  time  by  sliding  the 
weight  g  to  the  end  of  the  lever  df. 

A  view  of  a  padding  machine  in  connexion  with  the  driving  mechanism  is  given  under 
Hot  Flue  ;  see  also  Starching  Machine. 

PAINT.     See  Rouge. 

PAINTS,  GRINDING  OF.  There  are  many  pigments,  such  as  common  orpi- 
ment,  or  king's  yellow,  and  verdigris,  which  are  strong  poisons  ;  others  which  are  very 
deleterious,  and  occasion  dreadful  maladies,  such  as  white  lead,  red  lead,  chrome  yellow, 
and  vermilion ;  none  of  which  can  be  safely  ground  by  hand  with  the  slab  and  muller, 
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but  should  always  be  triturated  in  a  mill.  The  emanations  of  white  lead  cause,  first, 
that  dangerous  disease  the  colica  picionum,  afterwards  paralysis,  or  premature  decrepitude 
and  lingering  death. 

Figs,  lib,  116,  111,  778  exhibit  the  construction  of  a  good  color-  mill  in  three  views ; 

fig.  115  being  an  elevation  shown  upon 
the  side  of  the  handle,  or  where  the 
power  is  applied  to  the  shaft ;  fig.  776 
a  second  elevation,  taken  upon  the  side 
of  the  line  c,  d,  of  the  plan  or  bird's-eye 
view,  fig.  111. 

The  frame-work  a  A  of  the  mill  is 
made  of  wood  or  cast  iron,  strongly 
mortised  or  bolted  together ;  and 
strengthened  by  the  two  cross  iron  bars 
B,  B.  Fig.  lis  is  a  plan  of  the  mill- 
stones. The  lying  or  nether  millstone  c, 
fig.  776,  is  of  cast  iron,  and  is  channelled 
on  its  upper  face  like  corn  millstones.  It 
is  fixed  upon  the  two  iron  bars  b,  b  ; 
but  may  be  preferably  supported  upon 
the  3  points  of  adjustable  screws,  pass- 
ing up  through  bearing-bars.  The 
millstone  c  is  surrounded  by  a  large 
iron  hoop  n,  for  preventing  the  pasty- 
consistenced  color  from  running  over 
the  edge.  It  can  escape  only  by  the 
sluice  hole  e,  fig.  116,  formed  in  the  hoop  j  and  is  then  received  in  the  tub  x  placed  be- 
neath. 
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The  upper  or  moving  millstone  f,  is  also  made  of  cast  iron.  The  dotted  lines  indi- 
cate its  shape.  In  the  centre  it  has  an  aperture  with  ledges  g,  g  ;  there  is  also  a  ledge 
upon  its  outer  circumference,  sufficiently  high  to  confine  the  color  which  may  oc- 
casionally accumulate  upon  its  surface.  An  upright  iron  shaft  h  passes  into  the  turning 
stone,  and  gives  motion  to  it.  A  horizontal  iron  bevel  wheel  k,  figs.  776,  777,  fur 
nished  with  27  wooden  teeth,  is  fixed  upon  the  u]iper  end  of  the  upright  shaft  h.  A 
similar  bevel  wheel  l,  having  the  same  number  of  teeth,  is  placed  vertically  upon  the 
horizontal  iron  axis  m,  m,  and  works  into  the  wheel  k.  This  horizontal  axis  m,  m  bears, 
at  one  of  its  ends,  a  handle  or  winch  N,  by  which  the  workman  may  turn  the  millstone 
F ;  and  on  the  other  end  of  the  same  axis,  the  fly-wheel  o  is  made  fast,  which  serves 
to  regulate  the  movements  of  the  machine.  Upon  one  of  the  spokes  of  the  fly-wheel 
there  is  fixed,  in  like  manner,  a  handle  p,  which  may  serve  upon  occasion  for  turning 
the  mill.  This  handle  may  be  attached  at  any  convenient  distance  from  the  centre,  by 
means  of  the  slot  and  screw-nut  J. 

The  color  to  be  ground  is  put  into  the  hopper  r,  below  which  the  bucket  s  is  sus- 
pended, for  supplying  the  color  uniformly  through  the  orifice  in  the  millstone  g.  A 
cord  or  chain  t,  by  means  of  which  the  bucket  s  is  suspended  at  a  proper  height  for 
pouring  out  the  requisite  quantity  of  color  between  the  stones,  pulls  the  bucket  obliquely, 
and  makes  its  beak  rest  against  the  square  upright  shaft  h.  By  this  means  the  bucket 
is  continually  agitated  in  such  a  way  as  to  discharge  more  or  less  color,  according  to  its 
degree  of  inclination.  The  copper  cistern  x,  receives  the  color  successively  as  it  is  ground ; 
and,  when  full,  it  may  be  carried  away  by  the  two  handles  z,  z  ;  it  may  be  emptied  by  the 
stopcock  Y,  without  removing  the  tub. 

PAINTS,  VITRIFIABLE.     See  Porcelain,  Pottery,  and  Stained  Glass. 

PALLADIUM,  a  rare  metal,  possessed  of  valuable  properties,  was  discovered  in  1803, 
by  Dr.  Wollaston,  in  native  platinum.  It  constitutes  about  1  per  cent,  of  the  Columbian 
ore,  and  from  j  to  1  per  cent,  of  the  Uralian  ore  of  this  metal ;  occurring  nearly  pure  in 
loose  grains,  of  a  steel-gray  color,  passing  into  silver  white,  and  of  a  specific  gravity  of 
from  11'8  to  12-14;  also  as  an  alloy  with  gold  in  Brazil,  and  combined  with  selenium  in 
the  Harz  near  Tilkerode.  Into  the  nitro-muriatic  solution  of  native  platinum,  if  a  solu- 
tion of  cyanide  of  mercury  be  poured,  the  pale  yellow  cyanide  of  palladium  will  be  thrown 
down,  which  being  ignited  affords  the  metal.  This  is  the  ingenious  process  of  Dr.  Wol- 
laston. The  palladium  present  in  the  Brazilian  gold  ore  may  be  readily  separated  as 
follows  :  melt  the  ore  along  with  two  or  three  parts  of  silver,  granulate  the  alloy,  and  di- 
gest it  with  heat  in  nitric  acid  of  specific  gravity  1*3.  The  solution  containing  the  silver 
and  palladium,  for  the  gold  does  not  dissolve,  being  treated  with  common  salt  or  muriatic 
acid,  will  part  with  all  its  silver  in  the  form  of  a  chloride.  The  supernatant  liquor  being 
concentrated  and  neutralized  with  ammonia,  will  yield  a  rose-colored  salt  in  long  silky 
crystals,  the  ammonia-muriate  of  palladium,  which  being  washed  in  ice-cold  water,  and 
ignited,  will  afford  40  per  cent,  of  metal. 

The  metal  obtained  by  this  process  is  purer  than  that  by  the  former ;  and  if  it  be 
fused  in  a  crucible  along  with  borax,  by  the  heat  of  a  powerful  air-furnace  or  forge,  a 
button  of  malleable  and  ductile  palladium  will  be  produced.  When  a  slip  of  it  is 
heated  to  redness,  it  takes  a  bronze-blue  shade  of  greater  or  less  intensity,  as  the  slip  is 
cooled  more  or  less  slowly ;  but  if  it  be  suddenly  chilled,  as  by  plunging  it  into  water, 
it  resumes  instantly  its  white  lustre.  This  curious  phenomenon  depending  upon  oxydize- 
ment  and  de-oxydizement,  in  diflferent  circumstances,  serves  at  once  to  distinguish  palla- 
dium from  platinum. 

Pure  palladium  resembles  platinum,  but  has  more  of  a  silver  hue ;  when  planished  by 
the  hammer  into  a  cup,  such  as  that  of  M.  Breant,  in  the  museum  of  the  Mint  at  Paris, 
it  is  a  splendid  steel-white  metal,  not  liable,  like  silver,  to  tarnish  in  the  air.  Another  cup 
made  by  M.  Breant,  weighing  2  lbs.  (1  kilogramme),  was  purchased  by  Charles  X.,  and 
is  now  in  the  garde-meuble  of  the  French  crown.  The  specific  gravity  of  this  metal,  when 
laminated,  is  stated  by  Dr.  Wollaston  at  11"8,  and  by  Vauquelin  at  12-1.  It  melts  at 
from  150°  to  160°  Wedgewood  ;  and  does  not  oxydize  at  a  white  heat.  When  a  drop  of 
tincture  of  iodine  is  let  fall  upon  the  surface  of  this  metal,  and  dissipated  over  a  lamp 
flame,  a  black  spot  remains,  which  does  not  happen  with  platinum.  A  slip  of  palladium 
has  been  used  with  advantage  to  inlay  the  limbs  of  astronomical  instruments,  where 
the  fine  graduated  lines  are  cut,  because  it  is  bright,  and  not  liable  to  alteration,  like 
silver. 

There  are  a  protoxyde  and  peroxyde  of  palladium.  The  proto-chloride  consists  of  60 
of  metal  and  40  of  chlorine ;  the  cyanide,  of  67  of  metal,  and  33  of  cyanogen. 

PALM  OIL  (Huile  de  palme,  Fr. ;  Palmol,  Germ.),  is  obtained,  in  Guinea  and 
Guyana,  by  expressing,  as  also  by  boiling,  the  fruit  of  the  avoira  ela.is.  It  has  an 
orange  color,  a  smell  of  violets,  a  bland  taste,  is  lighter  than  water,  melts  at  84°  Fahr., 
becomes  rancid  and  pale  by  exposure  to  air,  dissolves  in  boiling  alcohol,  and  consists  of 
69  parts  of  oleine,  and  31  of  stearine,  in  100.     It  is  employed  chiefly  for  making  yellow 
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soap.     It  may  be  bleached  by  the  action  of  either  chlorine  or  oxygen  gas,  as  also  by  that 
of  light  and  heat. 

Palm  oil,  quantity  of. 


Imported. 

Retained  for  consumptinn. 

Exported. 

Year. 
1835. 
1836. 
1837. 

Cwts. 
260,151 
277,017 
223,329 

Cwts. 
242,733 
234,357 
214,000 

Cwts. 
30,915 
34,379 

Duty,  Is.  3d.  per  cwt. 
PAPER  CUTTING.  Mr.  T.  B.  Crompton,  of  Farnworth,  Lancashire,  who  obtained  a 
patent  in  May,  1821,  for  proposing  to  conduct  the  newly  formed  web  of  paper  in  the  Four- 
drinier  machine  over  heated  cylinders,  for  the  purpose  of  drying  it  expeditiousl}',  in  imita- 
tion of  the  mode  so  long  practised  in  drying  calicoes,  obtained,  along  with  Enoch  Miller, 
another,  in  May,  1828,  for  cutting  the  endless  web  of  pajier  lengthwise,  by  revolving 
circular  blades,  fixed  upon  a  roller,  parallel  to  a  cylinder,  round  which  the  paper  is  lapped, 
and  progressively  unwound. 

A  patent  had  been  obtained  two  months  before,  for  certain  improvements  in  cutting 
paper,  by  Mr.  Edward  Cowper,  consisting  of  a  machine,  with  a  reel  on  which  the  web 
of  paper  of  very  considerable  length  has  been  previously  wound,  in  the  act  of  being  made 
in  a  Fourdrinier's  machine ;  this  web  of  paper  being  of  sufficient  width  to  produce  two, 
three,  or  more  sheets,  when  cut. 

The  several  operative  parts  of  the  machine  are  mounted  upon  standards,  or  frame-work, 
of  any  convenient  form  or  dimensions,  and  consist  of  travelling  endless  tapes  to  conduct 
the  paper  over  and  under  a  series  of  guide  rollers ;  of  circular  rotatory  cutters  for  the 
purpose  of  separating  the  web  of  paper  into  strips  equal  to  the  widths  of  the  intended 
sheets ;  and  of  a  saw-edged  knife,  which  is  made  to  slide  horizontally  for  the  purpose  of 
separating  the  strips  into  such  portions  or  lengths  as  shall  bring  them  to  the  dimensions 
of  a  sheet  of  paper. 

The  end  of  the  web  of  paper  from  the  reel  a,  fig.  779,  is  first  conducted  up  an  inclined 

plane  b  by  hand ;  it 
is  then  taken  hold  of 
by  endless  tapes  ex- 
tended upon  rollers, 
as  in  Mr.  Cowper's 
Printing  Machine, 
which  see.  These  end- 
less tapes  carry  the 
web  of  paper  to  the 
roller  c,  which  is  press- 
ed against  the  roller  d 
by  weighted  levers, 
acting  upon  the  plum- 
mer  blocks  that  its 
axle  is  mounted  in. 
The  second  roller  d 
may  be  either  of 
wood  or  metal,  having 
several  grooves  form- 
ed round  its  periphery 
for  the  purpose  of  re- 
ceiving the  edges  of  the 
circular  cutters  e,  (see 

CARD-CUTTING)mOUnt- 

ed  upon  an  axle  turning 
upon  bearings  in  the 
standards  or  frame. 

In  order  to  allow  the  web  of  paper  to  proceed  smoothly  between  the  two  rollers  c,  d,  a 
narrow  rib  of  leather  is  placed  round  the  edges  of  one  or  both  of  these  rollers,  for  the 
purpose  of  leaving  a  free  space  between  them,  through  which  the  paper  may  pass  with- 
out wrinklins. 

From  the  first  roller  c,  the  endless  tapes  conduct  the  paper  over  the  second  d,  and  then 
under  a  pressing  roller/,  in  which  progress  the  edges  of  the  circular  knives  e,  revolving  in 
the  grooves  of  the  second  roller  d,  cut  the  web  of  paper  longitudinally  into  strips  of  such 
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\ndths  as  may  be  required,  according  to  the  niunber  of  the  circular  cutters  and  distances 
between  them. 

The  strips  of  paper  proceed  onward  from  between  the  knife  roller  d  and  pressing  rol- 
ler/, conducted  by  tapes,  until  they  reach  a  fourth  roller  g,  when  they  are  allowed  to  descend, 
and  to  pass  through  the  apparatus  designed  to  cut  them  transversely  ;  that  is,  into  sheet 
lengths. 

The  apparatus  for  cutting  the  strips  into  sheets  is  a  sliding  knife,  placed  horizontally 
upon  a  frame  at  h,  which  frame,  with  the  knife  e,  is  moved  to  and  fro  by  a  jointed  rod  i,  con- 
nected to  a  crank  on  the  axle  of  the  pulley  fc.  A  flat  board  or  plate  /  is  fixed  to  the  standard 
frame  in  an  upright  position,  across  the  entire  width  of  the  machine ;  and  this  board  or 
plate  has  a  groove  or  opening  cut  along  it  opposite  to  the  edge  of  the  knife.  The  paper 
descending  from  the  fourth  roller  g  passes  against  the  face  of  this  board,  and  as  the  carriage 
with  the  knife  advances,  two  small  blocks,  mounted  upon  rods  with  springs  m  m,  come 
against  the  paper,  and  hold  it  tight  to  the  board  or  plate  /,  while  the  ed^e  of  the  knife  is 
protruded  forwards  into  the  groove  of  that  board  or  plate,  and  its  sharp  saw-shaped  teeth 
passing  through  the  paper,  cut  one  row  of  sheets  trom  the  descending  strips ;  which,  on 
the  withdrawing  of  the  blocks,  falls  down,  and  is  collected  on  the  heap  below. 

The  power  for  actuating  this  machine  is  applied  to  the  reverse  end  of  the  axle,  on  which 
the  pulley  k  is  fixed,  and  a  band  n,  n,  n,  n,  passing  from  this  pulley  over  tension  wheels  o, 
drives  the  wheel  q  fixed  to  the  axle  of  the  knife  roller  d  ;  hence  this  roller  receives  the 
rotatory  motion  which  causes  it  to  conduct  forward  the  web  of  paper,  but  the  other  rollers 
c  and  y,  are  impelled  solely  by  the  friction  of  contact. 

The  rotation  of  the  crank  on  the  axle  of /c,  through  the  inten^ention  of  the  crank-rod  r, 
moves  the  carriage  h,  with  the  knife,  to  and  fro  at  certain  periods,  and  when  the  spring 
blocks  m  come  against  the  grooved  plate  /,  they  slide  their  guide  rods  into  them,  while  the 
knife  advances  to  sever  the  sheets  of  paper.  But  as  sheets  of  different  dimensions  are 
occasionally  required,  the  lengths  of  the  slips  delivered  between  each  return  of  the  knife 
are  to  be  regulated  by  enlarging  or  diminishing  the  diameter  of  the  pulley  k,  which  will  of 
course  retard  or  facilitate  the  rotation  of  the  three  conducting  rollers,  c,  d,f,  and  cause  a 
greater  or  less  length  of  the  paper  to  descend  between  each  movement  of  the  knife  carriage. 

The  groove  of  this  pulley  k,  which  is  susceptible  of  enlargement,  is  constructed  of 
wedge-formed  blocks  passed  through  its  sides,  and  meeting  each  other  in  opposite  direc- 
tions, so  that  on  drawing  out  the  wedges  a  short  distance,  the  diameter  of  the  pulley  be- 
comes diminished ;  or  by  pushing  the  wedges  further  in,  the  diameter  is  increased ;  and  a 
tension  wheel  p  being  suspended  in  a  weighted  frame,  keeps  the  band  always  tight. 

As  it  is  necessary  that  the  paper  should  not  continue  descending  while  it  is  held  by  the 
blocks  m,  m  to  be  cut,  and  yet  that  it  should  be  led  on  progressively  over  the  knife  roller  d, 
the  fourth  roller  g,  which  hangs  in  a  lever  j,  is  made  to  rise  at  that  time,  so  as  to  take  up 
the  length  of  paper  delivered,  and  to  descend  again  when  the  paper  is  withdrawn.  This 
is  effected  by  a  rod  r,  connected  to  the  crank  on  the  shaft  of  the  aforesaid  roller  k,  and  also 
to  the  under  part  of  the  lever  j,  which  lever  hansjing  loosely  upon  the  axle  of  the  knife 
roller  d,  as  its  fulcrum,  vibrates  with  the  under  roller  g,  so  as  to  effect  the  object  in  the 
way  described. 

The  patentee  states  that  several  individual  parts  of  this  machine  are  not  new,  and  that 
some  of  them  are  to  be  found  included  in  the  specifications  of  other  persons,  such  as  the 
circular  cutters  e,  which  are  employed  by  Mr.  Dickinson  (Card-cutting),  and  the  horizon- 
tal cutter  h,  by  Mr.  Hansard ;  he  therefore  claims  only  the  general  arrangement  of  the  parts 
in  the  form  of  a  machine  for  the  purpose  of  cutting  paper,  as  the  subject  of  his  invention. 

The  machine  for  cutting  paper  contrived  by  John  Dickinson,  Esq.  of  Nash  Mill 
was  patented  in  January,  1829.     The  paper  is  wound  upon  a  cylindrical  roller  a,  fig.  780. 


mounted  upon  an  axle,  supported  in  an  iron  frame  or  standard.  From  this  roller  the 
paper  in  its  breadth  is  extended  over  a  conducting  drum  b,  also  mounted  upon  an  axle 
turning  in  the  frame  or  standard,  and  after  passing  under  a  small  guide  roller,  it 
proceeds  through  a  pair  of  drawing  or  feeding  rollers  c,  which  carry  it  into  the  cutting 
machine. 
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Upon  a  table  a,  d,  firmly  fixed  to  the  floor  of  the  building,  there  is  a  series  of  chisel-edged 
knives  e,  e,  e,  placed  at  such  distances  apart  as  the  dimensions  of  the  cut  sheets  of  paper  are 
intended  to  be.  These  knives  are  made  fast  to  the  table,  and  against  them  a  series  of 
circular  cutters/,/,/,  mounted  in  a  swinging  frame  g,  g,  are  intended  to  act.  The  length 
of  paper  being  brought  along  the  table  over  the  edges  of  the  knives,  up  to  a  stop  h,  the 
cutters  are  then  swung  forwards,  and  by  passing  over  the  paper  against  the  stationary 
knives,  the  length  of  paper  becomes  cut  into  three  separate  sheets. 

The  frame  g,  g,  which  carries  the  circular  cutters/,  /,/,  hangs  upon  a  very  elevated  axle, 
in  order  that  its  pendulous  swing  may  move  the  cutters  as  nearly  in  a  horizontal  line  as 
possible ;  and  it  is  made  to  vibrate  to  and  fro  by  an  eccentric,  or  crank,  fixed  upon  a 
horizontal  rotatory  shaft  extending  over  the  drum  b,  considerably  above  it,  which  may  be 
driven  by  any  convenient  machinery. 

The  workmen  draw  the  paper  from  between  the  rollers  c,  and  bring  it  up  to  the  stop  h, 
in  the  intervals  between  the  passing  to  and  fro  of  the  swing-cutters. 

The  following  very  ingenious  apparatus  for  cutting  the  paper  web  transversely  into 
any  desired  lerigths,  was  made  the  subject  of  a  patent  by  Mr.  E.  N.  Fourdrinier,  in 
June,  1831,  and  has  since  been  performing  its  duty  well  in  many  establishments. 

Fig.  781  is  an  elevation,  taken  upon  one  side  ot  the  machine  ;  and  fig.  782  is  a  longi 

tudinal  section,  a,  a,  a,  a, 
are  four  reels,  each  cover- 
ed with  one  continuous 
sheet  of  paper ;  which  reels 
are  supported  upon  bear- 
ings in  the  frame-work 
b,  b,  b.  c,  c,  c,  is  an  end- 
less web  of  felt-cloth  passed 
over  the  rollers  d,  d,  d,  d, 
which  is  kept  in  close  con- 
tact with  the  under  side  of 
the  drum  e,  e,  seen  best  in 
fig.  782. 

The  several  parallel 
layers  of  paper  to  be  cut, 
being  passed  between  the 
drum  e,  and  the  endless 
felt  c,  will  be  drawn  off 
their  respective  reels,  and 
fed  into  the  machine,  when- 
ever the  driving-band  is  slid 
from  the  loose  to  the  fast 
pulley  upon  the  end  of  the 
main  shaft  /.  But  since 
the  progressive  advance  of 
the  paper-webs  must  be 
arrested  during  the  time  of 
making  the  cross  cut 
through  it,  the  following 
apparatus  becomes  neces- 
sary. A  disc  g,  which 
carries  the  pin  or  stud  of  a 
crank  t,  is  made  fast  to  the 
end  of  the  driving  shaft  /. 
This  pin  is  set  in  an  adjust- 
able sliding  piece,  which 
may  be  confined  by  a  screw 
within  the  bevelled  gra- 
duated groove,  upon  the 
face  of  the  disc  g,  at  vari- 
able distances  from  the  ax- 
is, whereby  the  eccentricity  of  the  stud  i,  and  of  course  the  throw  of  the  crank,  may  be 
considerably  varied.  The  crank  stud  i,  is  connected  by  its  rod  ;,  to  the  swinging  curvilin- 
ear rack  k,  which  takes  into  the  toothed  wheel  /,  that  turns  freely  upon  the  axle  of  the 
feed  drum  e,  e.  From  that  wheel  the  arms  m,  m,  rise,  and  bear  one  or  more  palls  n,  which 
work  in  the  teeth  of  the  great  ratchet  wheel  o,  o.,  mounted  upon  the  shaft  of  the  drum  e. 

The  crank-plate  g  being  driven  round  in  the  direction  of  its  arrow,  will  communi- 
cate a  see-saw  movement  to  the  toothed  arc  fc,  next  to  the  toothed  wheel  /  in  gearing 
with  it,  and  an  oscillatory  motion  to  the  arms  w,  m,  as  also  to  their  surmounting  pall  v. 
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In  its  swing  to  the  left  hand,  the  catch  of  the  pall  will  slide  over  the  slope  of  the  teeth 
of  the  ratchet  wheel  o ;  but  in  its  return  to  the  right  hand,  it  will  lay  hold  of  these  teeth 
and  pull  them,  with  their  attached  drum,  round  a  part  of  a  revolution.  The  layers  of 
paper  in  close  contact  with  the  under  half  of  the  drum  will  be  thus  drawn  forward  at 
intervals,  from  the  reels,  by  the  friction  between  its  surface  and  the  endless  felt,  and  in 
lengths  corresponding  to  the  arc  of  vibration  of  the  pall.  The  knife  for  cutting  these 
lengths  transversely  is  brought  into  action  at  the  time  when  the  swing  arc  is  making  its 
inactive  stroke,  viz.,  when  it  is  sliding  to  the  left  over  the  slopes  of  the  ratchet  teeth  o. 
The  extent  of  this  vibration  varies  according  to  the  distance  of  the  crank  stud  i,  from 
the  centre/",  of  the  plate  g,  because  that  distance  regulates  the  extent  of  the  oscillations 
of  the  curvilinear  rack,  and  that  of  the  rotation  of  the  drum  e,  by  which  the  paper  is  fed 
forwards  to  the  knife  apparatus.  The  proper  length  of  its  several  layers  being  by  the 
above  described  mechanism  carried  forward  over  the  bed  r  of  the  cutting  knife  or  shears 
r,  V,  whose  under  blade  ?•  is  fixed,  the  wiper  s,  in  its  revolution  with  the  shaft/,  lifts  the 
tail  of  the  lever  t,  consequently  depresses  the  transverse  moveable  blade  v  (as  shown  in 
Jig.  783),  and  slides  the  slanting  blades  across  each  other  obliquely,  like  a  pair  of  scissors, 
so  as  to  cause  a  clean  cut  across  the  plies  of  paper.  But  just  before  the  shears  begin  to 
operate,  the  transverse  board  u  descends  to  press  the  paper  with  its  edge,  and  hold  it  fast 
upon  the  bed  r.  During  the  action  of  the  upper  blade  v,  against  the  under  r,  the  fall 
board  u,  is  suspended  by  a  cord  passing  across  pulleys  from  the  arm  y  of  the  bell-crank 
lever  t,  t.  Whenever  the  lifter  cam  s,  has  passed  away  from  the  tail  of  the  bell-crank  t, 
the  weight  z,  hung  upon  it,  will  cause  the  blade  v,  and  the  pinching  board  u,  to  be 
moved  up  out  of  the  way  of  the  next  length  of  paper,  which  is  regularly  brought  for- 
ward by  the  rotation  of  the  drum  e,  as  above  described.  The  upper  blade  of  the  shears 
is  not  set  parallel  to  the  shaft  of  the  drum,  but  obliquely  to  it,  and  is,  moreover,  some- 
what curved,  so  as  to  close  its  edge  progressively  upon  that  of  the  fixed  blade.  The 
blade  v  may  also  be  set  between  two  guide  pieces,  and  have  the  necessary  motion  given 
to  it  by  levers. 

PAPER-HANGINGS,  called  more  properly  by  the  French,  papiers  peints.  The 
art  of  making  paper-hangings,  papier  de  tenture,  has  been  copied  from  the  Chinese, 
among  whom  it  has  been  practised  from  time  immemorial.  The  English  first  imported 
and  began  to  imitate  the  Chinese  paper-hangings  ;  but  being  exposed  till  very  lately  to  a 
high  excise  duty  upon  the  manufacture,  they  have  not  carried  it  to  that  extent  and  pitch 
of  refinement  which  the  French  genius  has  been  enabled  to  do,  unchecked  by  taxation. 
The  first  method  of  making  this  paper  was  stencilling;  by  laying  upon  it,  in  an  extended 
state,  a  piece  of  pasteboard  having  spaces  cut  out  of  various  figured  devices,  and  apply- 
ing different  water  colors  with  the  brush.  Another  piece  of  pasteboard  with  other  pat- 
terns cut  out  was  next  applied,  when  the  former  figures  were  dry,  and  new  designs  were 
thus  imparted.  By  a  series  of  such  operations,  a  tolerable  pattern  was  executed,  but 
with  no  little  labor  and  expense.  The  processes  of  the  calico  printer  were  next  resorted 
to,  in  which  engraved  blocks  of  the  pear  or  sycamore  were  employed  to  impress  the  col- 
ored designs. 

Paper-hangings  may  be  distinguished  into  two  classes;  1.  those  which  are  really 
painted,  and  which  are  designed  in  France  under  the  title  of  papiers  peints,  with  bril- 
liant flowers  and  figures  ;  and  2.  those  in  which  the  designs  are  formed  by  foreign  mat- 
ters applied  to  the  paper,  under  the  name  of  papier  tontisse,  or  flock  paper. 

The  operations  common  to  paper-hangings  of  both  kinds,  may  be  stated  as  follows : — 

1.  The  paper  should  be  well  sized. 

2.  The  edges  should  be  evenly  cut  by  an  apparatus  like  the  bookbinder's  press. 

3.  The  ends  of  each  of  the  24  sheets  which  form  a  piece,  should  be  nicely  pasted 
together;  or  a  Fourdrinier  web  of  paper  should  be  taken. 

4.  Laying  the  grounds,  is  done  with  earthy  colors  or  colored  lakes  thickened  with 
size,  and  applied  with  brushes. 

An  expert  workman,  with  one  or  two  children,  can  lay  the  grounds  of  300  pieces  in  a 
day.  The  pieces  are  now  suspended  upon  poles  near  the  ceiling,  in  order  to  be  dried. 
They  are  then  rolled  up  and  carried  to  the  apartment  where  they  are  polished,  by  being 
laid  upon  a  smooth  table,  with  the  painted  side  undermost,  and  rubbed  with  the  polisher. 
Pieces  intended  to  be  satined,  are  grounded  with  fine  Paris  plaster,  instead  of  Spanish 
white  ;  and  are  not  smoothed  with  a  brass  polisher,  but  with  a  hard  brush  attached  to 
the  lower  end  of  the  swing  polishing  rod.  After  spreading  the  piece  upon  the  table  with 
the  grounded  side  undermost,  the  paper-stainer  dusts  the  upper  surface  with  finely  pow- 
dered chalk  of  Brianron,  commonly  called  talc,  and  rubs  it  strongly  with  the  brush.  In 
this  way  the  satiny  lustre  is  produced. 

THE  PRINTING  OPERATIONS, 

Blocks  about  two  inches  thick,  formed  of  three  separate  boards  glued  together,  of 
which  two  are  made  of  poplar,  and  one  (that  which  is  engraved)  of  pear-tree  or  syca 
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more,  are  used  for  printing  paper-hangings,  as  for  calicoes.  The  grain  of  the  upper 
layer  of  wood  should  be  laid  across  that  of  the  layer  below.  As  many  blocks  are  re- 
quii^ed  as  tliere  are  colors  and  shades  of  color.  To  make  the  figure  of  a  rose,  for  example, 
three  several  reds  must  be  applied  in  succession,  the  one  deeper  than  the  other,  a  white 
for  the  clear  spaces,  two  and  sometimes  three  greens  for  the  leaves,  and  two  wood  colors 
for  the  stems  ;  altogether  from  9  to  12  for  a  rose.  Each  block  carries  small  pin  points 
fixed  at  its  corners  to  guide  the  workman  in  the  insertion  of  the  figure  exactly  in  its  place. 
An  expert  hand  places  these  guide  pins  so  that  their  marks  are  covered  and  concealed 
by  the  impression  of  the  next  block ;  and  the  finished  piece  shows  merely  those  belonging 
to  the  first  and  last  blocks. 

In  printing,  the  workman  employs  the  same  swimming-tub  apparatus  which  has  been 
described  under  block  printing  (see  Calico-printing),  takes  ofl'  the  color  upon  his 
blocks,  and  impresses  them  on  the  paper  extended  upon  a  table  in  the  very  same  way. 
The  tub  in  which  the  drum  or  frame  covered  with  calf-skin  is  inverted,  contains  simply 
water  thickened  with  parings  of  paper  from  the  bookbinder,  instead  of  the  pasty  mixture 
employed  by  the  calico-printers.  In  impressing  the  color  by  the  block  upon  the  paper, 
he  employs  a  lever  of  the  second  kind,  to  increase  the  power  of  his  arm,  making  it  act 
upon  the  block  through  the  intervention  of  a  piece  of  wood,  shaped  like  the  bridge  of  a 
violin.  This  tool  is  called  tasseau  by  the  French.  A  child  is  constantly  occupied  in 
spreading  color  with  a  brush  upon  the  calf-skin  head  of  the  drum  or  sieve,  and  in  sliding 
ofi"  the  paper  upon  a  wooden  trestle  or  horse,  in  proportion  as  it  is  finished.  When  the 
piece  has  received  one  set  of  colored  impressions,  the  workman,  assisted  by  his  little  aid, 
called  a  tireur  (drawer),  hooks  it  upon  the  drying-poles  under  the  ceiling.  A  sufficient 
number  of  pieces  should  be  provided  to  keep  the  printer  occupied  duiing  the  whole  at 
least  of  one  day,  so  that  they  will  be  dried  and  ready  to  receive  another  set  of  colored  im- 
pressions by  the  following  morning. 

All  the  colors  are  applied  in  the  same  manner,  every  shade  being  formed  by  means  of 
the  blocks,  which  determine  all  the  beauty  and  regularity  of  the  design.  A  pattern  draw- 
er of  taste  may  produce  a  very  beautiful  efl'ect.  The  history  of  Psyche  and  Cupid,  by  M. 
Dufour,  has  been  considered  a  masterpiece  in  this  art,  rivalling  the  productions  of  the 
pencil  in  the  gradation,  softness,  and  brilliancy  of  the  tints. 

When  the  piece  is  completely  printed,  the  workman  looks  it  all  over,  and  if  there  be 
any  defects,  he  corrects  them  by  the  brush  or  pencil,  applying  first  the  correction  of  one 
color,  and  afterwards  of  the  rest. 

A  final  satining,  after  the  colors  are  dried,  is  communicated  by  the  friction  of  a  finely 
polished  brass  roller,  attached  by  its  end  gudgeons  to  the  lower  extremity  of  a  long 
swing-frame ;  and  acting  along  the  cylindrical  surface  of  a  smooth  table,  upon  which  the 
paper  is  spread. 

The  fondti  or  rainbow  style  of  paper-hangings,  which  I  have  referred  to  this  place  in 

the  article  Calico-printing,  is  produced  by  means  of  an  assortment  of  oblong  narrow 

tin  pans,  fixed  in  a  frame,  close  side  to  side,  each  being  about  one  inch  wide,  two  inches 

deep,  and  eight  inches  long  ;  the  colors  of  the  prismatic  spectrum,  red,  orange,  yellow, 

green,  &c.,  are  put,  in  a  liquid  state,  successively  in  these  pans;    so  that  when  the 

oblong  brush  a,  b,  with  guide  ledges  a,  c,  d,  is  dipped  into  them  across  the  whole  of  the 

734  parallel  row  at  once,  it  comes  out  impressed  with  the  different  colors 

-A  H  y   ^  \     Y=B      at  successive  points  e,  e,  e,  e,  of  its  length,  and  is  then  drawn  by  the 

JlPftilfkHliSB '        paper-stainer  over  the  face  of  the  woollen  drum  head,  or  sieve  of  the 

'etc  swimming  tub,  upon  which  it  leaves  a  corresponding  series  of  Stripes 

in  colors,  graduating  into  one  another  like  those  of  the  prismatic  spectrum.     By  applying 

his  block  to  the  tear,  the  workman  takes  up  the  color  in  rainbow  hues,  and  transfers  these 

to  the  paper.    /,/,/,/ show  the  separate  brushes  in  tin  sheaths,  set  in  one  frame. 

At  M.  Zuber's  magnificent  establishment  in  the  ancient  chateau  of  Rixheim,  near 
Mulhouse,  where  the  most  beatiful  French  papiers  peints  are  produced,  and  where  I 
was  informed  that  no  less  than  3000  blocks  are  required  for  one  pattern,  I  saw  a  two- 
color  calico  machine  employed  with  great  advantage,  both  as  to  taste  and  expedition. 
Steam-charged  cylinders  were  used  to  dry  the  paper  immediately  after  it  was  printed,  as 
the  colors,  not  being  so  rapidly  absorbed  as  they  are  by  calico,  would  be  very  apt  to 
spread. 

The  operations  employed  for  common  paper-hangings,  are  also  used  for  making  flock 
paper,  only  a  stronger  size  is  necessary  for  the  ground.  The  flocks  are  obtained  from 
the  woollen  cloth  manufacturers,  being  cut  oflf  by  their  shearing  machines,  called  lewises 
by  the  English  workmen,  and  are  preferred  in  a  white  state  by  the  French  paper-hanging 
makers,  who  scour  them  well,  and  dye  them  of  the  proper  colors  themselves.  When 
they  are  thoroughly  stove-dried,  they  are  put  into  a  conical  fluted  mill,  like  that  for 
making  snuif,  and  are  properly  ground.  The  powder  thus  obtained  is  afterwards  sift- 
ed by  a  bolting-machine,  like  that  of  the  flour  mill,  whereby  flocks  of  different  degrees 
of  fineness  are  produced.     These  are  applied  to  the  paper  after  it  has  undergone  all  the 
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usual  printing  operations.  Upon  the  workman's  left  hand,  and  in  a  line  with  his  print- 
ing table,  a  large  chest  is  placed  for  receiving  the  flock  powders  :  it  is  seven  or  eight 
feet  long,  two  feet  wide  at  the  bottom,  three  feet  and  a  half  at  top,  and  from  15  to  18 
inches  deep.  It  has  a  hinged  lid.  Its  bottom  is  made  of  tense  calf-skin.  This  chest  is 
called  the  drum ;  it  rests  upon  four  strong  feet,  so  as  to  stand  from  24  to  28  inches  above 
the  floor. 

The  block  which  serves  to  applj-  the  adhesive  basis  of  the  velvet-powders,  bears  in 
relief  only  the  pattern  corresponding  to  that  basis,  which  is  formed  with  linseed  oil,  ren- 
dered drying  by  being  boiled  with  litharge,  and  afterwards  ground  up  with  Avhite  lead. 
The  French  workmen  call  this  mordant  the  encaustic.  It  is  put  upon  the  cloth  which 
covers  the  inverted  swimming  tub,  in  the  same  way  as  the  common  colors  are,  and  is 
spread  with  a  brush  by  the  iirettr  (corrui)tly  styled  iearer  by  some  English  writers).  The 
workman  daubs  the  blocks  upon  the  mordant,  spreads  the  pigment  even  with  a  kind  of 
brush,  and  then  applies  it  by  impression  to  the  paper.  Whenever  a  sufficient  surface  of 
the  paper  has  been  thus  covered,  the  child  draws  it  along  into  the  great  chest,  sprinkling 
the  flock  powder  over  it  with  his  hands  ;  and  when  a  length  of  7  feet  is  printed,  he  covers 
it  up  williin  the  drum,  and  beats  upon  the  calf-skin  bottom  with  a  couple  of  rods  to  raise 
a  cloud  of  flock  inside,  and  to  make  it  cover  the  prepared  portion  of  the  paper  uniformly. 
He  now  lifts  the  lid  of  the  chest,  inverts  the  paper,  and  beats  its  back  lightly,  in  order  to 
detach  all  the  loose  particles  of  the  woolly  powder. 

By  the  operation  just  described,  the  velvet-down  being  applied  everywhere  of  the 
same  color,  would  not  be  agreeable  to  the  eye,  if  shades  could  not  be  introduced  to 
relieve  the  pattern.  To  give  the  efl'ect  of  drapery,  for  example,  the  appearance  of  folds 
must  be  introduced.  For  this  purpose,  when  the  piece  is  perfectly  dry,  the  workman 
stretches  it  upon  his  table,  and  by  the  guidance  of  the  pins  in  his  blocks,  he  applies  to 
the  flock  surface  a  color  in  distemper,  of  a  deep  tint,  suited  to  the  intended  shades,  so 
that  he  dyes  the  wool  in  its  place.  Light  shades  are  produced  by  applying  some  of  his 
lighter  water-colors. 

Gold  leaf  is  applied  upon  the  above  mordant,  when  nearly  dry ;  which  then  forms  a 
proper  gold  size  ;  and  the  same  method  of  application  is  resorted  to,  as  for  the  ordinary 
gilding  of  wood.  When  the  size  has  become  perfectly  hard,  the  superfluous  gold  leaf 
is  brushed  off'  with  a  dossil  of  cotton  wool  or  fine  linen. 

The  colors  used  by  the  paper-hangers  are  the  following  : — 

1.  Whites.     These  are  either  white-lead,  good  whitening,  or  a  mixture  of  the  two. 

2.  Yellows.  These  are  frequently  vegetable  extracts  ;  as  those  of  weld,  or  of  Avignon 
or  Persian  berries,  and  are  made  by  boiling  the  substances  with  water.  Chrome  yellow 
is  also  frequently  used,  as  well  as  the  terra  di  Sienna  and  yellow  ochre. 

3.  Reds  are  almost  exclusively  decoctions  of  Brazil  wood. 

4.  Blues  are  eitlier  Prussian  blue,  or  blue  verditer. 

5.  Greens  are  Scheele's  green,  a  combination  of  arsenious  acid,  and  oxyde  of  copper ; 
the  green  of  Schweinfurth,  or  green  verditer ;  as  also  a  mixture  of  blues  and  yellows. 

6.  Violets  are  produced  by  a  mixture  of  blue  and  red  in  various  proportions,  or  they 
may  be  obtained  directly  by  mixing  a  decoction  of  logwood  with  alum. 

7.  Browns,  blacks,  and  grays.  Umber  furnishes  the  brown  tints.  Blacks  are  either 
common  ivory  or  Frankfort  black  ;  and  grays  are  formed  by  mixtures  of  Prussian  blue 
and  Spanish  white. 

All  the  colors  are  rendered  adhesive  and  consistent,  by  being  worked  up  with  gelatinous 
size  or  a  weak  solution  of  glue,  liquefied  in  a  kettle.  Many  of  the  colors  are  previously 
thickened,  however,  with  starch.  Sometimes  colored  lakes  are  employed.  See 
Lakes. 

PAPER,  MANUFACTURE  OF.  (Papeterie,  Fr. ;  Papiermacherktmst,  Germ.) 
This  most  useful  substance,  which  has  procured  for  the  moderns  an  incalculable  advantage 
over  the  ancients,  in  the  means  of  diffusing  and  perpetuating  knowledge,  seems  to  have 
been  first  invented  in  China,  about  the  commencement  of  the  Christian  era,  and  was 
thence  brought  to  Mecca,  along  with  the  article  itself,  about  the  beginning  of  the  8th 
century  ;  wlience  the  Arabs  carried  it,  in  their  rapid  career  of  conquest  and  colonization, 
to  the  coasts  of  Barbary,  and  into  Spain,  about  the  end  of  the  9lh  or  beginning  of  the 
10th  century. 

By  other  accounts,  this  art  originated  in  Greece,  where  it  was  first  made  from 
cotton  fibres,  in  the  course  of  the  tenth  century,  and  continued  there  in  common  use  during 
the  next  three  hundred  years.  It  Avas  not  till  the  beginning  of  the  14th  century 
that  paper  was  made  from  linen  in  Europe,  by  the  establishment  of  a  paper-mill  in 
1390,  at  Nuremberg  in  Germany.  The  first  English  paper-mill  was  erected  at  Dart- 
ford  by  a  German  jeweller  in  the  service  of  Queen  Elizabeth,  about  the  year  1588. 
But  the  business  was  not  very  successful ;  in  consequence  of  which,  for  a  long  period 
afterwards,  indeed  till  within  the  last  70  years,  this  country  derived  its  supplies  of  fine 
writing  papers  from  France  and  Holland.      Nothing  places  in  a  more  striking  light  the 
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vast  improvement  vt^hich  has  taken  place  in  all  the  mechanical  arts  of  England  since  the 
era  of  Arkwri^ht,  than  the  condition  of  our  paper-machine  factories  now,  compared 
with  those  on  the  Continent.  Almost  every  good  automatic  paper  mechanism  at  present 
mounted  in  France,  Germany,  Belgium,  Italy,  Russia,  Sweden,  and  the  United  States, 
has  either  been  made  in  Great  Britain,  and  exported  to  these  countries,  or  has  been  con- 
structed in  them  closely  upon  the  English  models. 

Till  within  the  last  30  ^ears,  the  linen  and  hempen  rags  from  which  paper  was  made, 
were  reduced  to  the  pasty  state  of  comminution  requisite  for  this  manufacture  by 
mashing  them  with  water,  and  setting  the  mixture  to  ferment  for  many  days  in  close 
vessels,  whereby  they  underwent  in  reality  a  species  of  putrefaction.  It  is  easy  to  see 
that  the  Organic  structure  of  the  fibres  would  be  thus  unnecessarily  altered,  nay,  frequently 
destroyed.  The  next  method  employed,  was  to  beat  the  rags  into  a  pulp  by  stamping 
rods,  shod  with  iron,  working  in  strong  oak  mortars,  and  moved  by  water-wheel  ma- 
chinery. So  rude  and  ineffective  Avas  the  apparatus,  that  forty  pairs  of  stamps  were 
required  to  operate  a  night  and  a  day,  in  preparing  one  hundred  Aveight  of  rags.  The 
pulp  or  paste  was  then  diffused  through  water,  and  made  into  paper  by  methods  similar 
to  those  still  practised  in  the  small  hand-mills. 

About  the  middle  of  the  last  century,  the  cylinder  or  engine  mode,  as  it  is  called,  of 
comminuting  ra?s  into  paper  pulp,  was  invented  in  Holland ;  which  was  soon  afterwards 
adopted  in  France,  and  at  a  later  period  in  England. 

The  first  step  in  the  paper  manufacture,  is  the  sorting  of  the  rags  into  four  or  five 
qualities.  They  are  imported  into  this  country  chiefly  from  Germany,  and  the  ports  of 
the  Mediterranean.  At  the  mill  they  are  sorted  again  more  carefully,  and  cut  into 
shreds  by  women.  For  this  purpose  a  table  frame  is  covered  at  top  with  wire  cloth, 
containing  about  nine  meshes  to  the  square  inch.  To  this  frame  a  long  steel  blade  is 
attached  in  a  slanting  position,  against  whose  sharp  edge  the  rags  are  cut  into  squares 
or  fillets,  after  having  their  dust  thoroughly  shaken  out  through  the  wire  cloth.  Each 
piece  of  rag  is  thrown  into  a  certain  compartment  of  a  box,  according  to  its  fineness; 
seven  or  eight  sorts  being  distinguished.  An  active  woman  can  cut  and  sort  nearly  one 
cwt.  in  a  day. 

The  sorted  rass  are  next  dusted  in  a  revolving  cylinder  surrounded  with  wire  cloth, 
about  six  feet  long,  and  four  feet  in  diameter,  having  spokes  about  20  inches  long,  attached 
at  right  angles  to  its  axis.  These  prevent  the  rass  from  being  carried  round  with  the 
case,  and  beat  them  during  its  rotation ;  so  that  in  half  an  hour,  being  pretty  clean,  they 
are  taken  out  bv  tlie  side  door  of  the  cylinder,  and  transferred  to  the  engine,  to  be  first 
washed,  and  next  reduced  into  a  pulp.  For  fine  paper,  they  should  be  previously  boiled 
for  some  time  in  a  caustic  ley,  to  cleanse  and  separate  their  filaments. 

The  construction  of  the  stuff-engine  is  represented  in^gs.  785, 786.     Fig.  785  is  the  lon- 
gitudinal   section,   and   Jig. 


786  the  plan  of  the  engine. 
The  large  vat  is  an  oblong 
cistern  i-ounded  at  the  an- 
gles. It  is  divided  by  the  par- 
tition b,  b,  and  the  whole  in- 
side is  lined  with  lead.  The 
cylinder  c,  is  made  fast  to 
the  spindle  d,  which  extends 
across  the  engine,  and  is  put 
in  motion  by  the  pinion  p, 
fixed  to  its  extremity.  The 
cylinder  is  made  of  wood, 
and  furnished  with  a  num- 
ber of  blades  or  cutters, 
secured  to  its  circumfer- 
ence, parallel  to  the  axis, 
and  projecting  about  an 
inch  above  its  surface. 
Immediately  beneath  the 
cylinder  a  block  of  wood  k 
is  placed.  This  is  mounted 
with  cutters  like  those  of 
the  cylinder,  which  in  their 
revolution  pass  very  near  to  the  teeth  of  the  block,  but  must  not  touch  it.  The  dis- 
tance between  these  fixed  and  moving  blades  is  capable  of  adjustment  by  elevating  or 
depressing  the  bearings  upon  which  the  necks  e,  e,  of  the  shaft  are  supported.  These 
bearings  rest  upon  two  levers  g,  g,  which  have  tenons  at  their  ends,  fitted  into  upright 
mortises,  made  in  short  beams  h,  h,  bolted  to  the  sides  of  the  engine.     The  one  end  of 
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the  levers  g,  g,  is  moveable,  while  the  other  end  is  adapted  to  rise  and  fall  upon  bolts 
in  the  beams  h,  h,  as  centres.  The  front  lever,  or  that  nearest  to  the  cylinder  c,  is  capa- 
ble of  being  elevated  or  depressed,  by  turning  the  handle  of  a  screw  (not  seen  in  this 
view),  which  acts  in  a  nut  fixed  to  the  tenon  of  g,  and  comes  up  through  the  top  of  the 
beam  h,  upon  which  the  head  of  the  screw  takes  its  bearing.  Two  brasses  are  let  into 
the  middle  of  the  levers  g,  g,  and  form  the  bearings  for  the  shaft  of  the  engine  to  turn 
upon.  The  above-mentioned  vertical  screw  is  used  to  raise  or  lower  the  cylinder,  and 
cause  it  to  cut  coarser  or  finer,  by  enlarging  or  diminishing  the  space  between  the  fixed 
cutters  in  the  block  and  those  in  the  cylinder. 

To  the  left  hand  of  i,  fig.  785,  is  a  circular  breasting  made  of  boards,  and  covered  with 
sheet  lead  ;  it  is  curved  to  fit  the  cylinder  very  truly,  and  leaves  but  very  little  space  be- 
tween the  teeth  and  breasting  ;  at  its  bottom,  the  block  k  is  fixed.  The  engine  is  supplied 
with  water  from  a  pump,  by  a  pipe,  which  delivers  it  into  a  small  cistern,  near  to  and 
communicating  with  the  engine.  A  stopcock  cuts  off  or  regulates  the  supply  of  water  at 
pleasure,  and  a  grating  covered  with  hair-cloth  is  fixed  across  that  small  cistern,  to  inter- 
cept any  filth  that  may  be  floating  in  the  water  ;  in  other  cases  a  flannel  bag  is  tied  round 
the  nose  of  the  stopcock,  to  act  as  a  filler. 

The  rags  being  put  into  the  engine  filled  with  water,  are  drawn  by  the  rapid  rotation 
of  the  cylinder  between  the  two  sets  of  cutters,  whereby  they  are  torn  into  the  finest  fila- 
ments, and  by  the  impulsion  of  the  cylinder  they  are  floated  over  the  top  of  the  breasting 
upon  the  inclined  plane.  In  a  short  time  more  rasrs  and  water  are  raised  into  that  part 
of  the  engine  vat.  The  tendency  in  the  liquid  to  mamtain  an  equilibrium,  puts  the  whole 
contents  of  the  cistern  in  slow  motion  down  the  inclined  plane,  to  the  left  hand  of  i,  and 
round  the  partition  b,  b,  (see  the  arrow),  whereby  the  rags  come  to  the  cylinder  again  in 
the  space  of  about  20  minutes;  so  that  they  are  repeatedly  drawn  out  and  separated  in 
all  directions  till  they  are  reduced  to  the  appearance  of  a  pulp. 

This  circulation  is  particularly  useful,  by  turning  over  the  rags  in  the  engine,  causing 
them  to  be  presented  to  the  cutter  at  different  angles  every  time ;  otherwise,  as  the 
blades  always  act  in  one  direction,  the  comminution  would  not  be  so  complete.  The 
cutting  is  performed  as  follows  :  The  teeth  of  the  block  are  set  somewhat  obliquely  to 
the  axes  of  the  cylinder,  as  shown  by_/?g'.  787 ;  but  the  teeth  of  the  cylinder  c  itself  are  set 
787  parallel   to  its  axis ;  therefore  the  cutting  edges  meet  at  a 

small  angle,  and  come  in  contact,  first  at  the  one  end,  and 
then  towards  the  other,  by  successive  degrees,  so  that  any 
rags  coming  between  them,  are  torn  as  if  between  the  blades 
of  a  pair  of  forceps.  Sometimes  the  blades  k  in  the  block  are 
bent  to  an  angle  in  the  middle,  instead  of  being  straight  and 
inclined  to  the  cylinder.  These  are  called  elbow  plates ;  their 
two  ends  being  inclined  in  opposite  directions  to  the  axis  of  the  cylinder.  In  either  case, 
the  edges  of  the  plates  of  the  block  cannot  be  straight  lines,  but  must  be  curved,  to  adapt 
themselves  to  the  curve  which  a  line  traced  on  the  cylinder  will  necessarily  have.  The 
plates  or  blades  are  united  by  screwing  them  together,  and  fitting  them  into  a  cavity  cut 
into  the  wooden  block  k.     Their  edges  are  bevelled  away  upon  one  side  only. 

The  block  is  fixed  in  its  place  by  being  made  dovetailed,  and  truly  fitted  into  the  bottom 
of  the  cistern,  so  that  the  water  will  not  leak  through  its  junction.  The  end  of  it  comes 
through  the  woodwork  of  the  chest,  and  projects  to  a  small  distance  on  its  outside,  being 
kept  in  its  place  by  a  wedge.  By  withdrawing  this  wedge,  the  block  becomes  loose,  and 
can  be  removed  in  order  to  sharpen  the  cutters,  as  occasion  may  be.  This  is  done  at  a 
grindstone,  after  detaching  the  plates  from  each  other. 

The  cutters  of  the  cylinder  are  fixed  into  grooves,  cut  in  the  wood  of  the  cylinder, 
at  equal  distances  asunder,  round  its  periphery,  in  a  direction  parallel  to  its  axis.  The 
number  of  these  grooves  is  twenty,  in  the  machine  here  represented.  For  the  xoasher,  each 
groove  has  two  cutters  put  into  it;  then  a  fillet  of  wood  is  driven  fast  in  between  them, 
to  hold  them  firm ;  and  the  fillets  are  secured  by  spikes  driven  into  the  solid  wood  of  the 
cylinder.  The  beater  is  made  in  the  same  manner,  except  that  each  groove  contains  three 
bars  and  two  fillets. 

In  the  operation  of  the  cylinder,  it  is  necessary  that  it  should  be  enclosed  in  a  case, 
or  it  would  throw  all  the  water  and  rags  out  of  the  engine,  in  consequence  of  its  great 
velocity.  This  case  is  a  wooden  box  tn,  m,  fig.  785,  enclosed  on  every  side  except  the 
bottom ;  one  side  of  it  rests  upon  the  edge  of  the  vat,  and  the  other  upon  the  edge  of  the 
partition  b,  b,  fig.  786.  The  diagonal  lines  m,  r,  represent  the  edges  of  wooden  frames, 
which  are  covered  with  hair  or  wire-cloth,  and  immediately  behind  these  the  box  is  furnished 
with  a  bottom  and  a  ledge  towards  the  cylinder,  so  as  to  form  a  complete  trou2;h.  The 
square  figures  under  n,  n,  in  fig.  785,  show  the  situation  of  two  openings  or  spouts 
through  the  side  of  the  case,, .which  conduct  to  flat  lead-pipes,  one  of  which  is  seen 
near  the  upper  g  in  fig.  786,  placed  by  the  side  of  the  vat ;  the  beam  being  cut  away  from 
them.     These  are  waste  pipes  to  discharge  the  foul  water  from  the  engine  ;  because  the 
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cylinder,  as  it  turns,  throws  a  great  quantity'  of  water  and  rags  up  against  the  sieves  ; 
the  water  goes  through  them,  and  runs  down  to  the  trough  under  n,  n,  and  thence 
into  the  ends  of  the  flat  leaden  pipes,  through  which  it  is  discharged,  o,  o,fig.  785, 
are  grooves  for  two  boards,  which,  when  put  down  in  their  places,  cover  the  hair 
sieves,  and  stop  the  water  from  going  through  them,  should  it  be  required  in  the 
engine.  This  is  always  the  case  in  the  beating  engines,  and  therefore  they  are  seldom 
provided  with  these  waste  pipes,  or  at  most  on  one  side  only ;  the  other  side  of  the  cover 
being  curved  to  conform  to  the  cylinder.  Except  this,  the  only  difference  between 
the  washing  engine  and  the  beater,  is  that  the  teeth  of  the  latter  are  finer,  there  being 
60  instead  of  40  blades  in  the  periphery ;  and  it  revolves  quicker  than  the  washer,  so  that 
it  will  tear  out  and  comminute  those  particles  which  pass  through  the  leeth  of  the  Avasher. 
In  small  mills,  when  the  supply  of  water  is  limited,  there  is  frequently  but  one  engine, 
which  may  be  used  both  for  washing  and  beating,  by  adjusting  the  screw  so  as  to  let  the 
cylinder  down  and  make  its  teeth  work  finer.  But  the  system  in  all  considerable  works, 
is  to  have  two  engines  at  least,  or  four  if  the  supply  of  water  be  great.  The  power  re- 
quired for  a  5  or  6  vat  mill,  is  about  20  horses  in  a  water-wheel  or  steam  engine. 

In  the  above  figures  only  one  engine  is  shown,  namely,  the  finisher ;  there  is  an- 
other, quite  similar,  placed  at  its  end,  but  on  a  level  with  its  surface,  which  is  called  the 
washer,  in  which  the  rags  are  first  worked  coarsely  with  a  stream  of  water,  running 
through  them  to  wash  and  open  their  fibres  ;  after  this  washing  they  are  called  half- 
stuff,  and  are  then  let  down  into  the  bleaching  engine,  and  next  into  the  beating  engine, 
above  described. 

By  the  arrangements  of  the  mill  gearing,  the  two  cylinders  of  the  washer  and  beater 
engines  make  from  120  to  150  revolutions  per  minute,  when  the  water-wheel  moves  with 
due  velocity.  The  beating  engine  is  always  made  to  move,  however,  much  faster  than 
the  washing  one,  and  nearly  in  the  ratio  of  the  above  numbers. 

The  vibratory  noise  of  a  washing  engine  is  very  great ;  for  when  it  revolves  120  times 
per  minute,  and  has  40  teeth,  each  of  which  passes  by  12  or  14  teeth  in  the  block  at  every 
revolution,  it  will  make  nearly  60,000  cuts  in  a  minute,  each  of  them  sufficiently  loud  to 
produce  a  most  grating  growling  sound.  As  the  beater  revolves  quicker,  having  perhaps 
60  teeth,  instead  of  40,  and  20  or  24  cutters  in  the  block,  it  will  make  180,000  cuts  in  a 
minute.  This  astonishing  rapidity  produces  a  coarse  musical  humming,  which  may  be 
heard  at  a  great  distance  from  the  mill.  From  this  statement,  we  may  easily  understand 
how  a  modern  engine  is  able  to  turn  out  a  vastly  greater  quantity  of  paper  pulp  in  a  day 
than  an  old  mortar  machine. 

The  operation  of  grinding  the  rags  requires  nice  management.  When  first  put 
into  the  Avashing  engine  they  should  be  worked  gently,  so  as  not  to  be  cut,  but  only 
powerfully  scrubbed,  in  order  to  enable  the  water  to  can7  off  the  impurities.  This 
effect  is  obtained  by  raising  the  cylinder  upon  its  shaft,  so  that  its  teeth  are  separated 
considerably  from  those  of  the  block.  When  the  rags  are  comminuted  too  much  in  the 
washer,  they  would  be  apt  to  be  carried  off  in  part  with  the  stream,  and  be  lost ;  for  at 
this  time  the  waler-cock  is  fully  open.  After  washing  in  this  way  for  20  or  30  minutes, 
the  bearings  of  the  cylinder  are  lowered,  so  that  its  Aveight  rests  upon  the  cutters.  Now 
the  supply  of  Avater  is  reduced,  and  the  rags  begin  to  be  torn,  at  first  Avith  considerable 
agitation  of  the  mass,  and  stress  upon  the  machineiy.  In  about  three  or  four  hours, 
the  engine  comes  to  work  very  smoothly,  because  it  has  by  this  time  reduced  the  rags  to 
the  state  of  half-stuff.  They  are  then  discharged  into  a  large  basket,  through  Avhich  the 
water  drains  away. 

The  bleaching  is  usually  performed  upon  the  half -stuff.  At  the  celebrated  manu- 
factory of  Messrs.  Monlgolfier,  at  Annonay,  near  Lyons,  chlorine  gas  is  employed 
for  this  purpose  Avith  the  best  effect  upon  the  paper,  since  no  lime  or  muriate  of  lime 
can  be  thus  left  in  it ;  a  circumstance  which  often  happens  to  English  paper,  bleached 
in  the  Avashing  engine  by  the  introduction  of  chloride  of  lime  among  the  rags,  after 
they  have  been  Avell  Avashed  for  three  or  four  hours  by  the  rotation  of  the  engine.  The 
current  of  water  is  stopped  whenever  the  chloride  of  lime  is  put  in.  From  1  to  2 
pounds  of  that  chemical  compound  are  sufficient  to  bleach  1  cwt.  of  fine  rags,  but  more 
must  be  employed'  for  the  coarser  and  darker  colored.  During  the  bleaching  oper- 
ation the  tAA'o  sliders  o,  o,fig.  785,  are  put  down  in  the  cover  of  the  cylinder,  to  prevent 
the  Avater  getting  away.  The  engine  must  be  Avorked  an  hour  longer  Avith  the  chloride 
of  lime,  to  promote  its  uniform  operation  upon  the  rags.  The  cylinder  is  usually 
raised  a  little  during  this  period,  as  its  only  purpose  is  to  agitate  the  mass,  but  not  to 
triturate  it.  The  Avater-cock  is  then  opened,  the  boards  m,  m  are  removed,  and  the  Avash- 
mg  is  continued  for  about  an  hour,  to  wash  the  salt  aAvay ;  a  precaution  Avhich  ought  to 
be  better  attended  to  than  it  always  is  by  paper  manufacturers. 

The  half-stuff  thus  bleached  is  noAV  transferred  to  the  beating  engine,  and  worked  into 
a  fine  pulp.  This  operation  takes  from  4  to  5  hours,  a  little  water  being  admitted  from 
time  to  time,  but  no  current  being  allowed  to  pass  through,  as  in  the  Avashing  engine. 
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The  softest  and  fairest  water  should  be  selected  for  this  purpose ;  and  it  should  be  ad- 
ministered in  nicely  regulated  quantities,  so  as  to  produce  a  proper  spissitude  of  stufl'  for 
making  paper. 

For  printing  paper,  the  sizhig  is  given  in  the  beating  engine,  towards  the  end  of  its 
operation.  The  size  is  formed  of  alum  in  fine  powder,  ground  up  with  oil ;  of  which 
mixture  about  a  pint  and  a  half  are  thrown  into  the  engine  at  intervals,  during  the  last 
half-hour's  healing.  Sometimes  a  little  indigo  blue  or  smalt  is  also  added,  when  a 
peculiar  bloom  color  is  desired.  The  pulp  is  now  run  off  into  the  stuff  chest,  where 
the  different  kinds  are  mixed;  whence  it  is  taken  out  as  wanted.  The  chest  is  usually 
a  rectangular  vessel  of  stone  or  wood  lined  with  lead,  capable  of  containing  300  cubic 
feet  at  least,  or  3  engines  full  of  stuff.  Many  paper-makers  prefer  round  chests,  as  they 
admit  of  rotatory  agitators. 

When  the  paper  is  made  in  single  sheets,  by  hand  labor,  as  in  the  older  establish- 
ments, a  small  quantity  of  the  stuff  is  transferred  to  the  working-vat  by  means  of  a  pipe, 
and  there  diluted  properly  with  water.  This  vat  is  a  vessel  of  stone  or  wood,  about  5 
feet  square,  and  4  deep,  with  sides  somewhat  slanting.  Along  the  top  of  the  vat  a  board 
is  laid,  with  copper  fillets  fastened  lengthwise  upon  it,  to  make  the  mould  slide  more 
easily  along.  This  board  is  called  the  bridge.  The  maker  stands  on  one  side ;  and 
has  to  his  left  hand  a  smaller  board,  one  end  of  which  is  made  fast  to  the  bridge,  while 
the  other  rests  on  the  side  of  the  vat.  In  the  bridge  opposite  to  this,  a  nearly  upright 
piece  of  wood,  called  the  ass,  is  fastened.  In  the  vat  there  is  a  copper,  which  communi- 
cates with  a  steam  pipe  to  keep  it  hot ;  there  is  also  an  agitator,  to  maintain  the  stuff  in 
a  uniform  consistence. 

The  moulds  consist  of  frames  of  wood,  neatly  joined  at  the  corners,  with  wooden  bars 
running  across,  about  an  inch  and  a  half  apart.  Across  these,  in  the  length  of  the  moulds, 
the  wires  run,  from  fifteen  to  twenty  per  inch.  A  strong  raised  wire  is  laid  along  each  of 
the  cross  bars,  to  which  the  other  wires  are  fastened;  this  gives  the  laid  paper  its  ribbed 
appearance. 

The  water-mark  is  made  by  sewing  a  raised  piece  of  wire  in  the  form  of  letters,  or  any 
figured  device,  upon  the  wires  of  the  mould,  which  makes  the  paper  thinner  in  these 
places.  The  frame-work  of  a  wove  mould  is  nearly  the  same ;  but  instead  of  sewing  on 
separate  wires,  the  frame  is  covered  with  fine  wire  cloth,  containing  from  48  to  64  meshes 
per  inch  square.  Upon  both  moulds  a  deckel,  or  moveable  raised  edge-frame,  is  used  ; 
which  must  fit  very  neatly,  otherwise  the  edges  of  the  paper  will  be  rough. 

A  pair  of  moulds  being  laid  upon  the  bridge,  the  workman  puts  on  the  deckel,  brings 
the  mould  into  a  vertical  position,  dips  it  about  half  way  down  into  the  stuff  before  him, 
then  turning  it  into  a  horizontal  position,  covers  the  mould  with  the  stuff  and  shakes  it 
gently.  This  is  a  very  delicate  operation  ;  for  if  the  mould  be  not  held  perfectly  level, 
one  part  of  the  sheet  will  be  thicker  than  another.  The  sheet  thus  formed  has,  however, 
no  coherence ;  so  that  by  turning  the  mould,  and  dipping  the  wire  cloth  surface  in  the 
vat,  it  is  again  reduced  to  pulp  if  necessary.  He  now  pushes  the  mould  along  the  small 
board  to  the  left,  and  removes  the  deckel.  Here  another  workman  called  the  coucher 
receives  it,  and  places  it  at  rest  upon  the  ass,  to  drain  off  some  of  the  water.  Meanwhile 
the  vat-man  puts  the  deckel  upon  the  other  mould,  and  makes  another  sheet.  The 
coucher  stands  to  the  left  side  of  the  vat,  with  his  face  towards  the  vat-man  or  maker, 
on  his  right  is  the  press  furnished  with  felt  cloths,  or  porous  fiannels  ;  a  three-inch  thick 
plank  lies  before  him  on  the  ground.  On  this  he  lays  a  cushion  of  felts,  and  on  this 
another  felt ;  he  then  turns  the  paper  wire  mould,  and  presses  it  upon  the  felt,  where 
the  sheet  remains.  He  now  returns  the  mould  by  pushing  it  along  the  bridge. 
The  maker  has  by  this  time  another  sheet  ready  for  the  coucher  ;  which,  like  the  pre- 
ceding, is  laid  upon  the  ass,  and  then  couched  or  inverted  upon  another  felt,  laid  down  for 
the  purpose. 

In  this  way,  felts  and  paper  are  alternately  stratified,  till  a  heap  of  six  or  eight  quires 
is  formed,  which  is  from  15  to  18  inches  hish.  This  mass  is  drawn  into  the  press,  and 
exposed  to  a  force  of  100  tons  or  upwards.  After  it  is  sufficiently  compressed,  the 
machine  is  relaxed,  and  the  elasticity  of  the  flannel  makes  the  rammer  descend  (if  a  hy- 
draulic press  be  used)  with  considerable  rapidity.  The  felts  are  then  drawn  out  on  the 
other  side  by  an  operative  called  a  layer,  who  places  each  felt  in  succession  upon  one 
board,  and  each  sheet  of  paper  upon  another.  The  coucher  takes  immediate  possession 
of  the  felts  for  his  further  operations. 

Two  men  at  a  vat,  and  a  boy  as  a  layer  or  lifter,  can  make  about  6  or  8  reams  in  10 
hours.  In  the  evening  the  whole  paper  made  during  the  day  is  put  into  another  press, 
and  subjected  to  moderate  compression,  in  order  to  get  quit  of  the  mark  of  the  felt,  and 
more  of  the  water.  Next  day  it  is  all  separated,  a  process  railed  parlins',  and  being  again 
pressed,  is  carried  into  the  loft.  Fine  papers  are  often  twice  parted  and  pressed,  in  order 
to  give  them  a  proper  surface. 

The  next  operation  is  the  drying,  which  is  performed  in  the  following  way.     Posts 
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about  10  or  12  feet  high  are  erected  at  the  distance  of  ten  feet  from  each  other,  and 
pierced  with  holes  sLx:  inches  apart ;  two  spars  with  ropes  stretched  between  them,  at 
the  distance  of  5  inches  from  one  another,  called  a  treble  or  tribble,  are  placed  about  5 
feet  high  between  these  posts,  supported  by  pins  pushed  into  the  holes  in  the  posts. 
The  workman  takes  up  4  or  8  sheets  of  paper,  and  puts  them  upon  a  piece  of  wood  in 
the  form  of  a  T ;  passing  this  T  between  the  ropes,  he  shifts  the  sheets  upon  them,  and 
proceeds  thus  till  all  the  ropes  are  full.  He  then  raises  the  treble,  and  puts  another  in 
its  place,  which  he  fills  and  raises  in  like  manner.  Nine  or  ten  trebles  are  placed  in  every 
set  of  posts.  The  sides  of  the  drying-room  have  proper  shutters,  which  can  be  opened  to 
any  angle  at  pleasure. 

When  the  paper  is  dry,  it  is  taken  down,  and  laid  neatly  in  heaps  to  be  sized.  Size 
is  made  of  pieces  of  skin,  cut  off  by  the  curriers  before  tanning,  or  sheep's  feet,  or  any 
other  matter  containing  much  gelatine.  These  substances  are  boiled  in  a  copper  to  a 
jelly  ;  to  which,  when  strained,  a  small  quantity  of  alum  is  added.  The  workman  then 
takes  about  4  quires  of  paper,  spreads  them  out  in  the  size  properly  diluted  with  water, 
taking  care  that  they  be  equally  moistened.  This  is  rather  a  nice  operation.  The  super- 
fluous size  is  then  pressed  out,  and  the  paper  is  parted  into  sheets.  After  being  once 
more  pressed,  it  is  transferred  to  the  drying-room,  but  must  not  be  dried  too  quickly. 
Three  days  are  required  for  this  purpose.  When  the  paper  is  thoroughly  dry,  it  is  carried 
to  the  finishing-house,  and  is  again  pressed  pretty  hard.  It  is  then  picked  by  women  with 
small  knives,  in  order  to  take  out  the  knots,  and  separate  the  perfect  from  the  imperfect 
sheets.  It  is  again  pressed,  given  to  the  finisher,  to  be  counted  into  reams,  and  done  up. 
These  reams  are  compressed,  tied  up,  and  sent  to  the  warehouse  for  sale.  A  good  finisher 
can  count  200  reams,  or  96,000  sheets  in  a  day. 

Hot  pressing  is  executed  by  placing  a  sheet  of  paper  between  two  smoothed  paste- 
boards, alternately,  and  between  every  50  pasteboards  a  heated  plate  of  iron,  and 
subjecting  the  pile  to  the  press.  This  communicates  a  fine  smooth  surface  to  writing- 
paper. 

The  grain  of  the  paper  is  often  disfigured  by  the  felts,  when  they  are  too  much  used, 
or  when  the  loose  fibres  do  not  cover  the  twisted  thread.  The  two  sides  of  the  felt  are 
dififerently  raised,  and  that  on  which  the  fibres  are  longest  is  applied  to  the  sheets  which 
are  laid  down.  As  the  fells  have  to  resist  the  reiterated  action  of  the  press,  their  warp 
should  be  made  stout,  of  long  combed  wool,  and  well  twisted.  The  woof,  however, 
should  be  of  carded  wool,  and  spun  into  a  soft  thread,  so  as  to  render  the  fabric  spongj', 
and  capable  of  imbibing  much  water. 

This  operose  and  delicate  process  of  moulding  the  sheets  of  paper  by  hand,  has  for 
nearly  thirty  years  past  been  performed,  in  many  manufactories,  by  a  machine  which  pro- 
duces it  in  a  continuous  sheet  of  indefinite  length  which  is  afterwards  cut  into  suitable 
sizes,  by  the  Paper-cutting  Machine. 

In  1799,  Louis  Robert,  then  employed  in  the  paper  works  of  Essonne  in  France,  con- 
trived a  machine  to  make  paper  of  a  great  size,  by  a  continuous  motion,  and  obtained  for 
it  a  patent  for  15  years,  with  a  sum  of  8000  francs  from  the  French  government,  as  a  re- 
ward for  his  ingenuity.  The  specification  of  this  patent  is  published  in  the  second  volume 
o{  Brevets  d'  Invention  expires.  M.  Leger-Didot,  then,  director  of  the  said  works,  bought 
Robert's  machine  and  patent  for  25,000  francs,  to  be  paid  by  instalments.  Having  be- 
come proprietor  of  this  machine,  which,  though  imperfect,  contained  the  germ  of  a  val- 
uable improvement  in  paper-making,  M.  Didot  came  over  with  it  to  England,  where  he 
entered  into  several  contracts  for  constructing  and  working  it. 

Meanwhile  M.  L.  Didot  having  failed  to  fulfil  his  obligations  to  Robert,  the  latter 
instituted  a  law-suit,  and  recovered  possession  of  his  patent  by  a  decision  dated  23d 
June,  1810.  Didot  then  sent  over  to  Paris  the  Repertory  of  Arts,  for  Sept.  1808, 
which  contained  the  specification  of  the  English  patent,  with  instructions  to  a  friend  to 
secure  the  improved  machines  described  in  it,  by  a  French  patent.  The  patent  was 
obtained,  but  became  inoperative  in  consequence  of  M.  L.  Didot  failing  to  return  to 
France,  as  he  had  promised,  so  as  to  mount  the  patent  machine  within  the  two  years 
required  by  the  French  patent  law.  It  was  not  till  1815,  that  M.  Calla,  machine- 
maker  at  Paris,  constructed  the  paper  apparatus  known  in  England  by  the  name  of 
Fourdrinier's,  and  which,  on  the  authority  of  the  Dicliomiaire  Techvologique,  was  very 
imperfect  in  comparison  of  an  English  made  machine  imported  about  that  time  into 
France.  La  construction  de  ces  wuchincs,  qui  li'ojfrc  pourtant  ricn  de  difficile,  est  restce 
jiisqu,'  a  ce  jour  exclusivement  dans  les  mains  dcs  .,'inglais,  is  the  painful  acknowledgment 
made  in  1829,  for  his  countrymen,  by  the  author  of  the  elaborate  article  Papeterie  in  that 
national  work.  If  there  be  nothin?  difficult  in  the  construction  of  these  machines,  the 
French  mechanicians  ousfht  to  be  ashamedofforcino  their  countrymen  to  seek  the  sole  sup- 
ply of  them  in  England  ;  for  the  principal  paper  works  in  France,  as  those  of  MM.  Canson, 
Montgolfier,  Thomas  Varenne,  Firmin  Didot,  Delcambre,  De  Maupeon,  &c.,  are  mounted 
with  English-made  machines. 
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The  following,  for  example,  are  a  few  of  the  paper-mills  in  France  which  are  mounted 
with  the  self-acting  machines  of  Messrs.  Bryan  Donkin  cfc  Co. 

Messrs.  Canson,  at  Annonay. 

M.  de  la  Place,  at  Jean  d'Heures,  Bar-le-duc. 

Societe  anonyme,  at  Sainte  Marie,  under  M.  Delatouche. 

Echarcon  pres  Mennecy,  (Seine  et  Oise). 

Firmiu  Didot,  Mesnil  sur  I'Estree. 

M.  F.  M.  Montgolfier,  a  Annonay. 

Muller,  Bouchard,  Ondin  and  Go's.,  at  Gueures,  near  Dieppe. 

MM.  Richard  et  Comp.  a  Plainfoing. 

M.  Callol-Bellisle  ;  Vieuze  et  Chantoiseau. 

M.  Bechitaile,  near  St.  Etienne,  at  Bourg  Argental, 

It  deserves  particularly  to  be  remarked,  to  the  honor  of  English  mechanism,  that  the 
proprietors  of  the  first  five  of  the  above  works  received  gold  medals  at  the  last  exposi- 
tion of  their  papers  at  the  Louvre,  and  all  the  rest  received  medals  either  of  silver  or 
bronze.* 

The  following  is  a  true  narrative  of  the  rise  and  pi'ogress  of  the  paper  automaton, 

M.  Leser  Didot,  accompanied  by  Mr.  John  Gamble,  an  Englishman  who  had  resided 
for  several  years  in  Paris,  obtained  permission  from  the  French  government,  in  1800,  to 
carry  over  the  small  working  model  of  Robert's  continuous  machine,  with  the  view  of  get- 
ting the  benefit  of  English  capital  and  mechanical  skill  to  bring  it  into  an  operative  state 
upon  the  great  scale.  Fortunately  for  the  vigorous  development  of  this  embryo  project, 
which  had  proved  an  abortion  in  France,  t^ey  addressed  themselves,  on  the  one  hand,  to 
a  mercantile  firm  equally  opulent  and  public  spirited,  and  on  the  other,  to  engineers  dis- 
tinguished for  persevering  energy  and  mechanical  resource.  A  first  patent  was  granted 
to  Mr.  Gamble  on  the  20th  of  April,  1801,  and  a  second,  for  certain  improvements  upon 
the  former,  on  the  7lh  of  June,  1803.  In  January,  1804,  Mr.  Gamble,  for  certain  consid- 
erations, assigned  these  two  patents  to  Messrs.  Henry  and  Sealy  Fourdrinier,  the  house 
above  alluded  to,  who  were  at  that  period,  and  for  several  years  afterwards,  the  most  con- 
siderable stationers  and  paper-makers  in  Great  Britain.  I5y  an  act  of  parliament  passed 
on  the  4th  of  August,  1807,  Mr.  Gamble's  privilege  of  14  years  from  April,  1801,  was 
prolonged  to  15  years  after  the  date  of  the  act,  being  an  extension  of  about  7  years  upon 
the  original  patent. 

The  proprietors  showed  good  reasons,  in  the  enormous  expense  of  their  experiments, 
and  the  national  importance  of  the  object,  why  the  patent  should  have  been  extended  14 
years  from  the  latter  date,  and  would  have  obtained  justice  from  parliament  in  this  respect, 
but  for  an  unworthy  artifice  of  Lord  Lauderdale  in  the  House  of  Lords.  "  He,  and  he 
only,  was  the  person  who  took  the  objection,"  and,  by  introducing  a  regulation  in  a  stand- 
ing order  of  the  House  of  Lords,  that  none  but  the  original  inventor  should  have  an  ex- 
tension, though  Mr.  H.  Fourdrinier  was  the  inventor  substantially  of  the  operative 
machine,  he  defeated  the  honorable  intentions  of  his  brother  peers,  whose  committee  said, 
"  We  will  give  seven  years,  and  Mr.  Fourdrinier  may  apply  again,  if  it  should  turn  out 
that  the  seven  years  that  we  propose  to  2;ive  to  Mr.  Fourdrinier  should  not  give  sufficient 
time  to  aff'ord  any  chance  of  his  receiving  any  remuneration  for  the  expense  that  he  has 
incurred  in  introducins;  this  invention."  The  bill  passed  in  the  House  of  Commons  for 
14  years,  but  it  was  limited  by  this  ruse  of  Lord  Lauderdale  to  7,  "  who  put  the  standing 
order  upon  the  books  (of  the  upper  house)  which  prevented  Messrs.  Fourdrinier  from 
having  any  benefit  from  the  invention. f 

In  February,  180S,  Mr.  Gamble,  after  losing  both  his  lime  and  money  savings  during 
eight  years  of  irksome  diligence,  assigned  over  to  Messrs.  Fourdrinier  the  whole  right  of 
his  share  in  the  patent  to  which  he  was  entitled  under  the  act  of  parliament. 

Dartford  in  Kent,  which  had  been  long  conspicuous  as  the  seat  of  a  good  manufactory 
of  paper  and  paper  moulds,  was  selected  by  the  proprietors  of  the  patent  as  the  fittest 
place  for  realizing  their  plans  ;  and  happily  for  them  it  possessed,  in  Mr.  Hall's  engineer- 
ing establishment,  every  tool  requisite  for  constructing  the  novel  automaton,  and  in  his 
assistant,  Mr.  Bryan  Donkin,  a  young  and  zealous  mechanist,  who,  combining  precision 
of  workmanship  with  fertility  of  invention,  could  turn  his  local  advantages  to  the  best 
account.  To  this  gentleman,  aided  by  the  generous  confidence  of  Messrs.  Fourdrinier, 
the  glory  of  rearing  to  a  stately  manhood  the  helpless  bantling  of  M.  L.  Didot  is  entirely 
due.  In  1803,  after  nearly  three  years  of  intense  application,  he  produced  a  self-acting 
machine  for  making  an  endless  web  of  paper,  which  was  erected  at  St.  Neot's  under  the 
superintendence  of  Mr.  Gamble,  and  performed  in  such  a  manner  as  to  surprise  every 
beholder. 
Since  that  important  era  Mr.  Donkin  has  steadily  devoted  his  whole  mind  and  means 

*  Rapport  de  Jury  Central,  par  M.  Le  Baron  Charles  Dupin,  vol.  ii.  p.  278  ;  Paris,  1836. 
t  See  this  shabby  piece  of  diplomacy  unveiled  in  the  Minutes  of  Evidence  taken  before  the  Select  Com- 
mittee of  the  House  of  Commons  on  Fourdrinier's  patent  ;  May,  1837. 
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to  the  progressive  improvement  of  this  admirable  apparatus ;  and  has,  by  the  unfailing 
-^gularity,  precision,  promptitude,  and  productiveness  of  its  work,  earned  for  himself  a 
place  along  with  Watt,  Wedgewood,  and  Arkwright,  in  the  temple  of  mechanical  fame. 

"  La  France,"  says  a  late  official  eulogist  of  her  arts,  and  interpreter  of  her  senti- 
ments, "  ne  craint  plus  la  rivalite  des  autres  peuples  pour  la  fabrication  des  divers  genres 
de  papiers  et  de  cartons."*  After  this  boast,  one  would  not  expect  to  hear  him  imme- 
diately confess  that  in  1823  his  country  possessed  only  one  manufactory  of  the  payno?- 
continu,  containin?  one  of  the  Fourdrinier  machines  made  at  London  by  Mr.  Donkin,  for 
M.  Canson,  at  Vidalon-les-Annonay  ;  that  in  1827  there  were  only  4  of  thes«  machines 
in  France,  and  that  in  1834  there  were  not  many  more  than  a  dozen.  He  justly 
observes,  that  "  this  mode,  being  more  economical,  more  rapid,  and  more  powerful,  will 
become  henceforth  the  only  one  which  can  be  practised  without  loss.  Then  will  disap- 
pear the  ancient  system  of  hand-work,  which  likewise  involved  the  inconveniences,  we 
may  say  dangers,  resulting  from  combinations  among  the  operatives.  The  machine-made 
papers  possess  many  advantages :  they  can  receive,  so  to  speak,  unlimited  dimensions ; 
they  preserve  a  perfectly  uniform  thickness  throughout  all  their  length  ;  they  may  be 
fabricated  in  every  season  of  the  year ;  nor  do  they  require  to  be  sorted,  trimmed,  and 
hung  up  in  the  dryins-house,  operations  which  occasioned  great  waste,  amounting  to  no 
less  than  one  defective  sheet  out  of  every  five.  The  continuous  paper  at  one  time 
retained  the  impression  of  the  wire-wove  web  on  its  under  side  ;  a  defect  from  which  it 
has  been  freed  by  a  pressure  apparatus  of  Mr.  Donkin,  recently  imported  from  England 
by  M.  Delatouche." 

It  appears  from  documents  presented  to  a  committee  of  the  House  of  Lords  in  1807, 
that  the  Messrs.  Fourdrinier  had,  by  that  time,  withdrawn  from  their  stationary  business 
the  large  sum  of  60,000/.,  to  further  the  object  of  their  patent;  so  many  difficulties  did 
they  encounter  in  bringing  the  machinery  to  its  then  comparatively  complete  state,  and  so 
little  encouragement  or  support  did  they  receive  from  the  paper  manufacturers  throughout 
the  kingdom. 

The  patentees  laid  a  statement  before  the  public  in  1806,  containing  the  following 
comparative  estimate  of  the  expense  attendina:  seven  vats,  and  that  attending  a  machine 
employed  upon  paper  sized  in  the  engine,  performing  the  same  quantity  of  work  as  seven 
vats,  at  the  rate  of  12  hours  daily. 

A  MACHINE. 


Day. 

Week. 

Month. 

Year. 

Journeymen 
2  Ditto   . 
2  Finishers      . 
2  Dry  workers 

Parters  (none)     . 

Fire  (none) 

Felting 

Washing,  ditto 

Wire    .'       . 
1  Man,  to  keep  in 
and  machine     . 

repair  the  mill  j 

s.    d. 
3     6 

2  6 

3  6 
3     6 

£   s.    d. 
2    2    0 

1  10    0 

2  2     0 
2    2    0 

£    s.     d. 
8     8     0 
6     0     0 

8     8     0 
8     8     0 

£      s.    d. 
109    4    0 
78    0    0 
109     4    0 
109     4     0 

24     0     0 

5     0     0 

200     0     0 

100     0     0 

Total  9 

7  16    0 

31     4     0 

734  12     0 

Expense  of  7  vats  per  annum  (see  next  page)  is 
A  machine  doing  7  vats'  work,  is,  per  annum     . 

£       s.     d. 
.     2,604  12     0 
.       734  12     0 

Balance  saved  by  the  machine  per  annum  . 

.£1,870    0    0 

N.  B. — There  are  other  advantages,  to  the  amount  of  full  400/.  per  annum,  of  which 
manufacturers  are  well  aware,  although  not  taken  into  this  calculation. 

*  Rapport  de  Jury  Central,  sur  les  Produits  de  I'Industrie  Frangaise  expose  en  1834,  par  Le  Baron  Charles 
Dupin,  Membre  de  I'lnstitut,  Rapporteur-general  et  Vice  President  du  Jury  Central ;  ii.  278. 


PAPER-MAKING  MACHINE.' 


937 


SEVEN   VATS. 


Day. 

Week. 

Month. 

Yean 

s. 

d. 

£     s.    d. 

£    S.   d. 

£      S.     d. 

7  Vatmen,  at      -        -        -        - 

3 

3 

6  16     6 

27     6  0 

354  18     0 

7  Couchers         .        .        -        - 

3 

1 

6     9     6 

25  18  0 

336  14     0 

7  Layers             .... 

3 

1 

6     9     6 

25  18  0 

336  14     0 

3  Finishers         .        .        -        - 

4 

0 

3  12     U 

14     8  0 

187     4     0 

6  Drv  workers    .        -         -        - 

3 

1 

5  11     0 

22    4  0 

288  12     0 

3  Men  to  go  to  press,  &c.  - 

2 

6 

2     5     0 

9     0  0 

117     0     0 

7  Parters  (women)      -        .        - 

1 

4 

2  16     0 

11     4  0 

145  12     0 

Fire 

7     0     0 

28     0  0 

364     0     0 

Felting 

140     0     0 

Washing  ditto,  oil,  soap,  fire,  &c. 

1  11     6 

6    6  0 

81   18     0 

Moulds  ----- 

140     0     0 

1  Man,  and  expenses  of  repairing,  ^ 

in  keeping  in  order  7  vats,  vat-  > 

112     0     0 

presses,  &c.                                       ) 
Total  41  persons. 

42  11     0 

170     4  0  2,604     0     0 

In  the  same  statement,  it  was  shown  that  the  expense  of  making  paper  by  hand  is  16s. 
per  cwt.,  whereas  by  their  machine  it  is  only  3s.  9d. ;  so  that  upon  432,000  cwts.  the 
quantity  annually  made  in  Great  Britain  and  Ireland  (as  founded  upon  the  fact  that  one 
vat  can  make  480  cwts.  of  paper,  and  that  there  were  900  vats  in  the  kingdom),  the 
annual  saving  by  the  machine  would  be  264,600/.,  or  345,600/.  —  81,000/. 

In  a  second  statement  laid  before  the  public  in  1807,  the  patentees  observe  that  their 
recently  improved  machine,  from  its  greater  simplicity,  may  be  erected  at  a  considerably 
reduced  expense.  "  Mr.  Donkin,  the  engineer,  will  engage  to  furnish  machines  of  the 
dimensions  specified  below,  with  all  the  present  improvements,  at  the  prices  specified 
below. 


Inches. 

If  driven  by  straps. 

£ 

1            3  or  4  vats         -        .        .        - 

30 

between  the  deckles 

715 

6  ditto         .... 

40 

ditto                ditto 

845 

j                     8  ditto         .... 

44 

ditto                ditto 

940 

12  ditto         .... 

54 

ditto                ditto 
If  driven  by  wheels. 

995 

3  or  4  vats         -        .        -        - 

30 

between  the  deckles 

750 

6  ditto         .... 

40 

ditto                ditto 

880 

8  ditto         .        -        .        . 

44 

ditto                ditto 

980 

12  ditto         ...        - 

54 

ditto                ditto 

1,040 

"  Instead  of  5  men,  formerly  employed  upon  1  machine,  3  are  now  (in  1813)  fully 
sufficient,  without  requiring  that  degree  of  attention  and  skill  which  was  formerly  indis- 
pensable. 

"  In  1806  the  machine  was  capable  of  doing  the  work  of  6  vats  in  twelve  hours ;  it 
is,  however,  now  capable  of  doing  double  that  quantity,  at  one  fourth  of  the  expense. 
For  by  the  various  improvements  enumerated  above,  the  consumption  of  wire  is  reduced 
nearly  one  half,  and  lasts  above  double  the  time ;  the  quantity  of  paper  produced  is 
doubled;  and,  taking  into  consideration  the  work  which  is  now  performed  by  the  men 
over  and  above  their  immediate  attendance  upon  the  machine,  it  may  be  fairly  stated,  that 
the  number  of  men  is  reduced  to  one  half;  consequently  the  expense  of  wire  and  labor 
is  reduced  to  one  fourth  of  what  it  was. 

"  The  other  advantages  incidental  to  the  nature  of  the  process  of  making  paper  by  this 
machine,  may  be  classed  in  the  following  order : — 

"  1st.  That  the  paper  is  much  superior  in  strength,  firmness,  and  appearance,  to  any 
which  can  be  made  by  hand  of  the  same  material. 

"  2d.  It  requires  less  drying,  less  pressing  and  parting,  and  consequently  comes  sooner 
to  market ;  for  it  receives  a  much  harder  pressure  from  the  machine  than  can  possibly 
be  given  by  any  vat  press,  and  is  therefore  not  only  drier,  but,  on  account  of  the  close- 
ness and  firmness  of  texture,  even  the  moisture  which  remains  is  far  sooner  evaporated, 
on  exposure  to  the  air,  than  it  would  be  from  the  more  spongy  or  bibulous  paper  made 
by  hand. 
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"The  superior  pressure,  and  the  circumstance  of  one  side  of  the  paper  passing  undei 
the  polished  surface  of  one  of  the  pressing  rollers,  contribute  to  that  smoothness  which 
in  hand-made  papers  can  only  be  obtained  by  repealed  parting  and  pressing  ;  consequently 
a  great  part  of  the  time  necessarily  spent  in  these  operations  is  saved,  and  the  paper 
sooner  finished  and  ready  for  market. 

"  3dly.  The  quantity  of  broken  paper  and  retree  is  almost  nothing  compared  with  what 
is  made  at  the  vats. 

"  4th.  The  machine  makes  paper  with  cold  water. 

"  5th.  It  is  durable,  and  little  subject  to  be  out  of  repair.  The  machine  at  Two  Waters, 
in  Hertfordshire,  for  the  last  three  years,  has  not  cost  10/.  a  year  in  repairs. 

"  6th.  As  paper  mills  are  almost  universally  wrought  by  streams,  which  vary  con- 
siderably in  their  power  fiom  time  to  time,  there  will  result  from  this  circumstance  a 
very  important  advantage  in  the  adoption  of  the  machine.  The  common  paper  mill 
being  limited  by  its  number  of  vats,  no  advantage  can  be  taken  of  the  frequent  accessions 
of  power  which  generally  happen  in  the  course  of  the  year;  but,  on  the  contrary,  as 
scarcely  any  mills  are  capable  of  preparing  stufl'  for  twelve  vats,  every  accession  of  power 
to  the  mill,  where  a  machine  is  employed,  will  increase  its  produce  without  any  additional 
expense. 

"  7th.  The  manufacturer  can  suspend  or  resume  his  work  at  pleasure ;  and  he  is  be- 
sides effectually  relieved  from  the  perplexing  difficulties  and  loss  consequent  upon  the 
perpetual  combinations  for  the  increase  of  wages." 

It  is  a  lamentable  fact,  that  the  attention  required  to  mature  this  valuable  invention, 
and  the  large  capital  which  it  absorbed,  led  ultimately  to  the  bankruptcy  of  this  opulent 
and  public-spirited  company ;  after  which  disaster  no  patent  dues  were  collected,  though 
twelve  suits  in  Chancery  were  instituted;  these  being  mostly  unsuccessful,  on  account 
of  some  paltry  technical  objections  made  to  their  well-specified  patent,  by  that  un- 
scientific judge  Lord  Tenterden.  The  piratical  tricks  practised  by  many  considerable 
paper-makers  against  the  patentees  are  humiliating  to  human  nature  in  a  civilized  and 
soi-disant  Christian  community.  Many  of  them  have  owned,  since  the  bankruptcy  of 
the  house  removed  the  fear  of  prosecution,  that  they  owed  them  from  2000/.  to  3000/. 
apiece. 

Nothing  can  place  the  advantage  of  the  Fourdrinier  machine  in  a  stronger  point  of 
view,  than  the  fact  of  there  being  280  of  them  now  at  work  in  the  United  Kingdom, 
making  collectively  1600  miles  of  paper,  of  from  4  to  5  feet  broad,  every  day ;  that  they 
have  lowered  the  price  of  paper  50  per  cent.,  and  that  they  have  increased  the  revenue, 
directly  and  indirectly,  by  a  sum  of  probably  400,000/.  per  annum.  The  tissue  paper 
made  by  the  machine  is  particularly  useful  for  communicating  engraved  impressions  to 
pottery  ware ;  before  the  introduction  of  which  there  was  but  a  miserable  substitute. 
Messrs.  R.  and  J.  Clewes,  of  Cobridge  potteries,  in  a  letter  to  Messrs.  Fourdrinier,  state, 
"  that  had  not  an  improvement  taken  place  in  the  manufacture  of  paper,  the  new  style 
of  engraving  would  have  been  of  no  use,  as  the  paper  previously  used  was  of  too  coarse 
a  nature  to  draw  from  the  fair  engravings  any  thing  like  a  clear  or  perfect  impression ; 
and  the  Staffordshire  potteries,  in  our  opinion,  as  well  as  the  public  at  large,  are  deeply 
indebted  to  you  for  the  astonishing  improvement  that  has  recently  taken  place,  both  as 
regards  china  and  earthenware,  more  particularly  the  latter."  The  following  rates  of 
prices  justify  the  above  statement : — 

1814.  1822.  1833. 

a.    d.  s.     d.  s.    d. 

Demy  pottery  tissue         ----12     0  96  70 

Royal  16    3  12    0  8     9 

"  We  have  adopted  a  new  mode  of  printing  on  china  and  earthenware,  which,  but  for 
your  improved  system  of  making  tissue  paper,  must  have  utterly  failed  ;  our  patent  ma- 
chine requiring  the  paper  in  such  lengths  as  were  impossible  to  make  on  the  old  plan. 
On  referring  to  our  present  stock,  we  find  we  have  one  sheet  of  your  paper  more  than 
1200  yards  long.     Signed,  Machin  and  Potts  ;  Burslem,  February  25th,  1834." 

I  have  had  the  pleasure  of  visiting  more  than  once  the  mechanical  workshops  of 
Messrs.  Bryan  Donkin  and  Co.  in  Bermondsey,  and  have  never  witnessed  a  more 
admirable  assortment  of  exquisite  and  expensive  tools,  each  adapted  to  perform  its  part 
with  despatch  and  mathematical  exactness,  though  I  have  seen  probably  the  best 
machine  factories  of  this  country  and  the  Continent.  The  man  of  science  will  appreciate 
this  statement,  and  may  perhaps  be  surprised  to  learn  that  the  grand  mural  circle  of 
7  feet  diameter,  made  by  Troughton,  for  the  Royal  Observatory  of  Greenwich,  was  turned 
with  final  truth  upon  a  noble  lathe  in  the  said  establishment.  It  has  supplied  no  fewer 
than  133  complete  automatic  paper  machines,  each  of  a  value  of  from  1200/.  to  2000/., 
to  diflferent  manufactories,  not  only  in  the  United  Kingdom,  but  in  all  parts  of  the 
civilized  world ;  as  mentioned  in  the  second  paragraph  of  the  present  article.     Each 
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machine  is  capable  of  making,  under  the  impulsion  of  any 
prime  mover,  all  unwatched  by  a  human  eye,  and  unguided  by 
a  human  hand,  from  20  to  50  feet  in  length,  by  5  feet  broad, 
of  most  equable  paper  in  one  minute.  Of  paper  of  average 
thickness,  it  turns  off  30  feet. 

Fig.  788  is  an  upright  longitudinal  section,  representing  the 
machine  in  its  most  complete  state,  including  the  drying  steam 
cylinders,  and  the  compound  channelled  rollers  of  Mr,  Wilks, 
subsequently  to  be  described  in  detail.  The  figure  in  the  upper 
line  shows  it  all  in  train,  when  the  paper  is  to  be  wound  up 
wet  upon  the  reels  e,  e,  which  being  moveable  round  the  centre 
/  of  a  swing-bar,  are  presented  empty,  time  about,  to  receive 
the  tender  web.  The  figure  in  the  under  line  contains  the 
steam  or  drying  cylinders ;  the  points  o  o,  of  whose  frame, 
replace,  at  the  points  p,  p,  the  wet  reel  frame,  f  f,  p. 
A  is  the  vat,  or  receiver  of  pulp  from  the  stuff-chest. 

B  is  the  knot  strainer  of 
Ibotson  (p.  967),  to  clear  the 
pulp  before  passing  on  to  the 
wiie. 
^  G  is  the  hog,  or  agitator  in 
the  vat.  The  arrows  show 
the  course  of  the  currents  of 
the  pulp  in  the  vat. 

I  is  the  apron,  or  receiver 

of  the  water  and  pulp  which 

escape    through    the  endless 

1  wire,  and  which  are  returned 

^  by  a  scoop-wheel  into  the  vat. 

b  is  the  copper  lip  of  the  vat, 

over  which  the  pulp  flows  to 

the  endless  wire,  on  a  leathern 

i  apron  extending  from  this  lip 

p  to  about  nine  inches  over  the 

p  wire,  to  support  the  pulp  and 

4  prevent  its  escaping. 

0       c,  c  are  the  bars  which  bear 

§  up  the  small  tube  rollers  that 

4  support  the  wire. 
£       d,d  are  ruler  bars  to  support 
p  the  copper  rollers  over  which 

5  the  wire  revolves. 
K  is  the  breast  roller,  round 

which  the  endless  wire  turns. 
N  is  the  point  where  the 
shaking  motion  is  given  to  the 
machine. 

M  is  the  guide  roller,  having 
its  pivots  moveable  laterally 
to  adjust  the  wire  and  keep  it 
b  parallel. 

L  is  the  pulp  roller,  or,  "  dandy,"  to  press  out  water,  and  to 
set  the  paper,  r,  is  the  place  of  the  second,  when  it  is  used. 
His  the  first  or  wet  press,  or  couching  rollers;  the  wire 
leaves  the  paper  here,  which  latter  is  couched  upon  the 
endless  felt  p ;  and  the  endless  wire  o  returns,  passing 
round  the  lower  couch  roller.  By  Mr.  Donkin's  happy  inven- 
tion of  placing  these  rollers  obliquely,  the  water  runs  freely 
away,  which  it  did  not  do  when  their  axes  were  in  a  vertical 
line. 

e,  e  are  the  deckles,  which  form  the  edges  of  the  sheet  of 
paper,  and  prevent  the  pulp  passing  away  laterally.      They 
regulate  the  width  of  the  endless  sheet. 
!    /,/are  the  revolving  deckle  straps. 
i     R  is  the  deckle  guide,  or  driving-pulley. 
;     g,  g  are  tube  rollers,  over  which  the  wire  passes,  which  do 
;not  partake  of  the  shaking  motion  ;  and, 
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h,  h  are  moveable  rollers  for  stretching  the  wire,  or  orass  carriages  for  keeping  the 
rollers  g,  g  in  a  proper  position. 

c  is  the  second  press,  or  dry  press,  to  expel  the  water  in  a  cold  state. 
K,  K,  &c.,  in  the  view  of  the  lower  line,  are  the  steam  cylinders  for  drying  the  endless 
sheet. 

i,  i  are  rollers  to  convey  the  paper. 

j,  j  are  rollers  to  conduct  the  felt;  which  serves  to  support  the  paper,  and  prevent  it 
wrinkling  or  becoming  cockled. 

D,  r>  are  the  hexagonal  expanding  reels  for  the  steam-dried  paper  web,  one  only  being 
used  at  a  time,  and  made  to  suit  different  sizes  of  sheets.     I  is  their  swing  fulcrum. 
F,  F,  F,  F,  is  the  frame  of  the  machine. 

The  deckle  straps  are  worthy  of  particular  notice  in  this  beautiful  machine.  They 
are  composed  of  many  layers  of  cotton  tape,  each  one  inch  broad,  and  together  one 
half  inch  thick,  cemented  with  caoutchouc,  so  as  to  be  at  once  perfectly  flexible  and 
water-tight. 

The  upper  end  of  each  of  the  two  carriages  of  the  roller  l  is  of  a  forked  shape,  and 
the  pivots  of  the  roller  are  made  to  turn  in  the  cleft  of  the  forked  carriages  in  such  a 
manner,  that  the  roller  may  be  prevented  from  having  any  lateral  motion,  while  it  possesses 
a  free  vibratory  motion  upwards  and  downwards ;  the  whole  weight  of  the  roller  l  being 
borne  by  the  endless  web  of  woven  wire. 

The  greatest  difficulty  formerly  experienced  in  the  paper  manufacture  upon  the 
continuous  system  of  Fourdrinier,  was  to  remove  the  moisture  from  the  pulp,  and  condense 
it  with  sufficient  rapidity,  so  as  to  prevent  its  becoming  what  is  called  water-galled,  and 
to  permit  the  web  to  proceed  directly  to  the  drying  cylinders.  Hitherto  no  invention  has 
answered  so  well  in  practice  to  remove  this  difficulty  as  the  channelled  and  perforated 
pulp  rollers  or  dandies  of  Mr.  John  Wilks,  the  ingenious  partner  of  Mr.  Donkin ;  for 
which  a  patent  was  obtained  in  1830.  Suppose  one  of  these  rollers  (see  l,  in  fig.  788, 
and  M,  M,  in  fig.  793)  is  required  for  a  machine  which  is  to  make  paper  54  inches  wide, 
it  must  be  about  60  inches  long,  so  that  its  extremities  {see  figs.  789  and  790)  may  extend 
over  or  beyond  each  edge  of  the  sheet  of  paper  upon  which  it  is  laid.  Its  diameter  may 
be  7  inches.  About  8  grooves,  each  l-16th  of  an  inch  wide,  are  made  in  every  inch  of 
the  tube ;  and  they  are  cut  to  half  the  thickness  of  the  copper,  with  a  rectangularly 
shaped  tool.  A  succession  of  ribs  and  grooves  are  thus  formed  throughout  the  whole 
length  of  the  tube.  A  similar  succession  is  then  made  across  the  former,  but  of  24  in 
the  inch,  and  on  the  opposite  surface  of  the  metal,  which  by  a  peculiar  mode  of  manage- 
ment had  been  prepared  for  that  purpose.  As  the  latter  grooves  are  cut  as  deep  as  the 
former,  those  on  the  inside  meet  those  on  the  outside,  crossing  each  other  at  right  angles, 
and  thereby  producing  so  many  square  holes  ;  leaving  a  series  of  straight  copper  ribs  on 
the  interior  surface  of  the  said  tube,  traversed  by  another  series  of  ribs  coiled  round 
them  on  the  outside,  forming  a  cylindrical  sieve  made  of  one  piece  of  metal.  The 
rough  edges  of  all  the  ribs  must  be  rounded  oft'  with  a  smooth  file  into  a  semi-circular 

form.  Figs.  789  and  790,  a  a,  are  por- 
tions of  the  ribbed  copper  tube.  Fig.  789 
shows  the  exterior,  and  fig.  790  the  in- 
terior surface ;  b,  b  and  b,  b  show  the  plain 
part  at  each  of  the  ends,  where  it  is  made 
fast  to  the  brass  rings  by  rivets  or  screws  ; 
c,  c  are  the  rings  with  arms,  and  a  centre 
piece  in  each,  for  fixing  the  iron  pivot  or 
shaft  B ;  one  such  pivot  is  fixed  by  rivet- 
ing it  in  each  of  the  centre  pieces  of  the 
rings,  as  shown  at  c,  fig.  790 ;  so  that  both 
the  said  pieces  shall  be  concentric  with  the 
rings,  and  have  one  common  axis  with  each 
other,  and  with  the  roller.  At  a,  a,  a 
groove  is  turned  in  each  of  the  pivots,  for 
the  purpose  of  suspending  a  weight  by  a 
hook,  in  order^>to  increase  the  pressure  up- 
on the  paper,  whenever  it  may  be  found 
necessary. 

Fig.  791  is  an  end  view,  showmg  the 
copper  tube  and  its  internal  ribs  a,  a  ;  the 
brass  rings  c,  c  ;  arm  d,  d,  d  ;  centre  piece  e, 
and  pivot  b.  Fig.  792  is  a  section  of  the 
said  ring,  with  the  arms,  &c. 

The  roller  is  shown  at  l,  fig.  788,  as 
lying  upon   the   surface  of  the  wire-web. 
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The  relative  position  of  that  perforated  roller,  and  the  little  roller  b,  over  which 
it  lies,  is  such  that  the  axis  of  l  is  a  little  to  one  side  of  the  axis  of  b,  and  not  in  the 
same  vertical  plane,  the  latter  being  about  an  inch  nearer  the  vat  end.  Hence,  when- 
ever the  wire-web  is  set  in  progressive  motion,  it  will  cause  the  roller  l  to  revolve  upon 
its  surface ;  and  as  the  paper  is  progressively  made,  it  will  pass  onwards  with  the  web 
under  the  surface  of  the  roller.  Thus  the  pulpy  layer  of  paper  is  condensed  by 
compression  under  the  ribbed  roller;  while  it  transmits  its  moisture  through  the 
perforations,  it  becomes  sufficiently  compact  to  endure  the  action  of  the  wet  press 
rollers  h,  h,  and  also  acquires  the  appearance  of  parallel  lines,  as  if  made  by  hand  in  a 
laid  mould. 

Mr.  Wilks  occasionally  employs  a  second  perforated  roller  in  the  same  paper  machine, 
which  is  then  placed  at  the  dotted  lines  i,  i,  i. 

The  patentee  has  described  in  the  same  specification  a  most  ingenious  modification  of 
the  said  roller,  by  which  he  can  exhaust  the  air  from  a  hollowed  portion  of  its  periphery, 
and  cause  the  paper  in  its  passage  over  the  roller  to  undergo  the  sucking  operation  of 
the  partial  void,  so  as  to  be  remarkably  condensed  ;  but  he  has  not  been  called-  upon  to 
apply  this  second  invention,  in  consequence  of  the  perfect  success  which  he  has  experi- 
enced in  the  working  of  the  first. 

The  following  is  a  more  detailed  illustration  of  Mr.  Wilks'  improved  roller. 
Fig.  793  represents  two  parts  of  his  double-cased  exhausting  cylinder. 

This   consists  of   two   copper    tubes, 
793        lilllll'     ^    iill'lliiffl  *^"^  nicely  lining  the  other;    the  inner 

being  punched  I'uU  of  round  holes,  as 
at  K,  K,  where  that  tube  is  shown  un- 
covered ;  a  portion  of  the  inner  sur- 
face of  the  same  tube  is  shown  at 
L,  L.  In  this  figure  also,  two  portions 
of  the  outer  tube  are  shown  at  m,  m, 
and  N,  N  ;  the  former  being  an  external, 
and  the  latter  an  internal  view.  Here 
we  see  that  the  external  tube  is  the 
ribbed  perforated  one  already  described  ; 
the  holes  in  the  inner  tube  being  made 
in  rows  to  correspond  with  the  grooves 
in  the  outer.  The  holes  are  so  dis- 
tributed that  eveiy  hole  in  one  row  shall 
be  opposite  to  the  middle  of  the  space 
left  between  two  holes  in  the  next  row, 
as  will  appear  from  inspection  of  the 
figure.  The  diameter  of  each  of  the 
punched  holes  somewhat  exceeds  the 
width  of  each  rib  in  the  inside  of  the 
outer  cj'linder,  and  every  inside  groove 
of  this  tube  coincides  with  a  row  of 
holes  in  the  former,  which  construction 
permits  the  free  transudation  or  perco 
lation  of  the  water  out  of  the  pulp.  At  each  end  of  this  double-case  cylinder,  a  part  is 
left  at  N,  N,  plain  without,  and  grooved  merely  in  the  inside  of  the  outer  tube.  The 
smooth  surface  allows  the  brass  ends  to  be  securely  fixed;  the  outer  edge  of  the  brass 
ring  fits  tight  into  the  inside  of  the  end  of  the  cylinders. 

On  the  inside  of  each  of  these  rings  there  are  four  pieces  which  project  towards  the 
centre  or  axis  of  the  cylinder ;  two  of  which  pieces  are  shown  at  a,  a,  fig.  793,  in 
section,  b,  b,  is  a  brass  ring  Avith  four  arms  r,  c,  c,  c,  and  a  boss  or  centre  piece  d,  d. 
The  outer  edge  of  the  last-mentioned  ring  is  also  turned  cylindrical,  and  of  such  a 
diameter  as  to  fit  the  interior  of  the  former  ring  o,  o.  The  two  rings  are  securely 
held  together  by  four  screws,  e,  e  is  the  hollow  iron  axle  or  shaft  upon  which  the 
cylinder  revolves.  Its  outside  is  made  truly  cylindrical,  so  as  to  fit  the  circular  holes 
in  the  bosses  d,  d,  of  the  rings  and  arms  at  each  end  of  the  cylinder.  Hence,  if  the 
hollow  shaft  be  so  fixed  that  it  will  not  turn,  the  perforated  cylinder  is  capable  of  having 
a  rotatory  motion  given  to  it  round  that  shaft.  This  motion  is  had  recourse  to,  when  the 
vacuum  apparatus  is  employed.  But  otherwise  the  cylinder  is  made  fast  to  the  hollow 
axle  by  means  of  two  screw  clamps.  To  one  end  of  the  cylinder,  as  at  p,  a  toothed  wheel 
is  attached,  for  communicating  a  rotatory  motion  to  it,  so  that  its  surface  motion  shall  be 
the  same  as  that  of  the  paper  web ;  otherwise  a  rubbing  motion  might  ensue,  which  would 
■wear  and  injure  both. 

The  paper  stuff  or  pulp  is  allowed  to  flow  from  the  vat  a,  fig.  788,  on  to  the  surface  of 
the  endless  wire-web,  as  this  is  moving  along.     The  lines  o,  o,fig.  788,  show  the  course  of 
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the  motion  of  the  web,  which  operates  as  a  sieve,  separating  to  a  certain  degree  the  water 
from  the  pulp,  yet  leaving  the  latter  in  a  wet  state  till  it  arrives  at  the  first  pair  of  press- 
ing rollers  H,  H,  between  which  the  web  with  its  sheet  of  paper  is  squeezed.  Thick 
paper,  in  passing  through  these  rollers,  was  formerly  often  injured  by  becoming  water- 
galled,  from  the  greater  retention  of  water  in  certain  places  than  in  others.  But  Messrs. 
Donkin's  cylinder,  as  above  described,  has  facilitated  vastly  the  discharge  of  the  water, 
and  enabled  the  manufacturer  to  turn  ofi"  a  perfectly  uniform  smooth  paper. 

In  Jig.  788,  immediately  below  the  perforated  cylinder,  there  is  a  wooden  water- 
trough.  Along  one  side  of  the  trough  a  copper  pipe  is  laid,  of  the  same 
length  as  the  cylinder,  and  parallel  to  it ;  the  distance  between  them  being  about 
one  fourth  of  an  inch.  The  side  of  the  pipe  facing  the  cylinder  is  perforated  with  a 
line  of  small  holes,  which  transmit  a  great  many  jets  of  water  against  the  surface  of  the 
cj'linder,  in  order  to  wash  it  and  keep  it  clean  during  the  whole  continuance  of  the 
process. 

The  principle  adopted  by  John  Dickinson,  Esq.,  of  Nash  Mill,  for  making  paper, 
is  different  from  that  of  Fourdrinier  It  consists  in  causing  a  polished  hollow 
brass  cylinder,  perforated  with  holes  or  slits,  and  covered  with  wire  cloth,  to  revolve 
over  and  just  in  contact  with  the  prepared  pulp:  so  that  by  connecting  the  cylinder 
with  a  vessel  exhausted  of  its  air,  the  film  of  pulp,  which  adheres  to  the  cylinder 
during  its  rotation,  becomes  gently  pressed,  whereby  the  paper  is  supposed  to  be  ren- 
dered drier,  and  of  more  uniform  thickness,  than  upon  the  horizontal  hand  moulds, 
or  travelling  wire  cloth  of  Fourdrinier.  When  subjected  merely  to  agitation,  the  water 
is  sucked  inwards  throush  the  cylindric  cage,  leaving  the  textile  filaments  so  completely 
interwoven  as,  if  felted  among  each  other,  that  they  will  not  separate  without  breaking, 
and,  when  dry,  they  will  form  a  sheet  of  paper  of  a  strength  and  quality  relative  to  the 
nature  and  preparation  of  the  pulp.  The  roll  of  paper  thus  formed  upon  the  hollow 
cylinder  is  turned  ofl'  continuously  upon  a  second  solid  one  covered  with  felt,  upon  which 
it  is  condensed  by  the  pressure  of  a  third  revolving  cylinder,  and  is  thence  delivered  to 
the  drjing  rollers. 

Such  is  the  general  plan  of  Mr.  Dickinson's  paper  machines,  into  which  he  has  intro- 
duced numerous  improvements  since  its  invention  in  1809,  many  of  them  secured  by 
patent  right ;  whereby  he  has  been  enabled  to  make  papers  of  first-rate  quality,  more  par- 
ticularly for  the  printing-press.     See  infrii. 

In  July,  1830,  Mr.  Ibotson  of  Poyle,  paper  manufacturer,  obtained  a  patent,  see  b,  fig. 
788,  which  has  proved  very  successful,  for  a  peculiar  construction  of  a  sieve  or  strainer. 
Instead  of  wire  meshes,  he  uses  a  series  of  bars  of  gun-metal,  laid  in  the  bottom  of  a  box, 
very  closely  together,  so  that  the  upper  surfaces  or  the  flat  sides  may  be  in  the  same  plane, 
the  edge  of  each  bar  being  parallel  with  its  neighbor,  leaving  parallel  slits  between  them 
of  from  about  l-70th  to  !-100th  of  an  inch  in  width,  according  to  the  fineness  or  coarseness 
of  the  paper-stufl'  to  be  strained.  As  this  stuff  is  known  to  consist  of  an  assemblage  of 
very  fine  flexible  fibres  of  hemp,  flax,  cotton,  &c.,  mixed  with  Avater,  and  as,  even  in  the 
pulp  of  which  the  best  paper  is  made,  the  length  of  the  said  fibres  considerably  exceeds 
the  diameter  of  the  meshes  of  which  common  strainers  are  formed,  consequently  the  long- 
est and  most  useful  fibres  were  formerly  lost  to  the  paper  manufacturer.  Mr.  Ibotson's 
improved  sieve  is  employed  to  strain  the  paper-stuff  previously  to  its  being  used  in  the 
machine  above  described,  (see  its  place  at  b  in  the  vat.)  When  the  strainer  is  at  work, 
a  quick  vertical  and  lateral  jogging  motion  is  given  to  it.  by  machinery  similar  to  the  jog- 
ging screens  of  corn  mills. 

Since  the  lateral  shaking  motion  of  the  wire-web  in  the  Fourdrinier  machine,  as  origin- 
ally made,  was  injurious  to  the  fabric  of  the  paper,  by  bringing  its  fibies  more  closely 
together  breadthwise  than  lengthwise,  thus  tending  to  produce  long  ribs,  or  thick 
streaks  in  its  substance,  Mr.  George  Dickinson,  of  Buckland  Mill,  near  Dover,  proposed, 
in  the  specification  of  a  patent  obtained  in  February,  1828,  to  give  a  rapid  up-and-down 
movement  to  the  travelling  web  of  pulp.  He  does  not,  however,  define  with  much  pre- 
cision any  proper  mechanism  for  effecting  this  purpose,' but  claims  every  plan  which 
may  answer  this  end.  He  proposes  generally  to  mount  the  rollers,  which  conduct  the 
horizontal  endless  web,  upon  a  vibrating  frame.  The  forepart  of  this  frame  is  attached 
to  the  standards  of  the  machine,  by  hinge  joints,  and  the  hinder  part,  or  that  upon 
which  the  pulp  is  first  poured  out,  is  supported  by  vertical  rods,  connected  with  a 
crank  on  a  shaft  below.  Rapid  rotatory  motion  being  given  to  this  crank-shaft,  the 
hinder  part  of  the  frame  necessarily  receives  a  quick  up-and-down  vibratory  movement, 
which  causes  the  water  to  be  shaken  out  from  the  web  of  pulp,  and  thus  sets  the  fibres 
of  the  paper  with  much  greater  equality  than  in  the  machines  formerly  constructed.  A 
plan  similar  to  this  was  long  ago  introduced  into  Mr.  Donkin's  machines,  in  which  the 
vibrations  were  actuated  in  a  much  more  mechanical  way. 

John  Dickinson,  Esq.,  of  Nash  Mill,  obtained  a  patent  in  October,  1830,  for  a  method  of 
uniting  face  to  face  two  sheets  of  pulp  by  means  of  machinery,  in  order  to  produce  paper 
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©f  extraordinary  thickness.  Two  vats  are  to  be  supplied  with  paper  stuff  as  usual ;  in 
which  two  hollow  barrels  or  drums  are  made  to  revolve  upon  axles  driven  by  any  first 
mover;  an  endless  felt  is  conducted  by  guide  rollers,  and  brought  into  contact  with  the 
drums ;  the  first  drum  gives  off  the  sheet  of  paper  pulp  from  its  periphery  to  the  felt, 
which  passing  over  a  pressing  roller,  is  conducted  by  the  felt  to  that  part  of  a  second 
drum  which  is  in  contact  with  another  pressing  roller.  A  similar  sheet  of  paper  pulp  is 
now  given  off  from  the  second  drum,  and  it  is  brought  into  contact  with  the  former  by  the 
pressure  of  its  own  roller.  The  two  sheets  of  paper  pulp  thus  united  are  carried  forward 
by  the  felt  over  a  guide  roller,  and  onward  to  a  pair  of  pressing  rollers,  where  by  contact 
the  moist  surfaces  of  the  pulp  are  made  to  adhere,  and  to  constitute  one  double  thick 
sheet  of  paper,  which,  after  passing  over  the  surfaces  of  hollow  drums,  heated  by  steam, 
becomes  dry  and  compact.  The  rotatory  movements  of  the  two  pulp-lifting  drums  must 
obviously  be  simultaneous,  but  that  of  the  pressins  rollers  should  be  a  little  faster,  because 
the  sheets  extend  by  the  pressure,  and  they  should  be  drawn  forward  as  fast  as  they  are 
delivered,  otherwise  creases  would  be  formed.  Upon  this  invention  is  founded  Mr.  Dick- 
inson's ingenious  method  of  making  safety-paper  for  Post-office  stamps,  by  introducing 
silk  fibres,  &c.,  between  the  two  laminae. 

The  following  contrivance  of  the  same  inventive  manufacturer  is  a  peculiarly  decant 
mechanical  arrangement,  and  is  likely  to  conduce  to  the  perfection  of  machine-made 
paper.  I  have  already  described  Mr.  Ibotson's  excellent  plan  of  parallel  slits,  or  s;ridiron 
strainers,  which  has  been  found  to  form  paper  of  superior  quality,  because  it  permits  all 
the  elongated  tenacious  fibres  to  pass,  which  give  strength  to  the  paper,  while  it  intercepts 
the  coarser  knots  and  lumps  of  the  paste,  that  were  apt  to  spoil  its  surface.  Mr.  Turn- 
er's circular  wire  sieves,  presently  to  be  noticed,  may  do  good  work,  but  they  cannot  com- 
pete with  Mr.  Dickinson's  present  invention,  which  consists  in  causing  the  diluted  paper 
pulp  to  pass  between  longitudinal  apertures,  about  the  hundred-and-fifteenth  part  of  an 
inch  wide,  upon  the  surface  of  a  revolving  cj'linder. 

The  pulp  being  diluted  to  a  consistency  suitable  for  the  paper  machine,  is  delivered 
into  a  vat,  of  which  the  level  is  regulated  by  a  waste  pipe,  so  as  to  keep  it  nearly  full. 
From  this  vat  there  is  no  other  outlet  for  the  pulp,  except  through  the  wire-work  peri- 
phery of  the  revolving  cylinder,  and  thence  out  of  each  of  its  ends  into  troughs  placed 
alongside,  from  which  it  is  conducted  to  the  machine  destined  to  convert  it  into  a 
paper  web. 

The  revolving  cylinder  is  constructed  somewhat  like  a  squirrel  cage,  of  circular  rods, 
or  an  endless  spiral  wire,  strengthened  by  transverse  metallic  bars,  and  so  formed  that  the 
spaces  between  the  rings  are  sufficient  to  allow  the  slender  fibres  of  the  pulp  to  pass 
throuoh,  but  are  narrow  enough  to  intercept  the  knots  and  other  coarse  impurities, 
which  must  of  course  remain,  and  accumulate  in  the  vat.  The  spaces  between  the  wires 
of  the  squirrel  cage  may  vary  from  the  interval  above  stated,  Avhich  is  intended  for  the 
finest  paper,  to  double  the  distance  for  the  coarser  kinds. 

It  has  been  stated  that  the  pulp  enters  the  revolving  cylinders  solely  through  the  inter- 
vals of  the  wires  in  the  circumference  of  the  cylinder;  these  wires  or  rods  are  about 
three  eighths  of  an  inch  broad  without,  and  two  eighths  within,  so  that  the  circular  slits 
diverge  internally.  The  rods  are  one  quarter  of  an  inch  thick,  and  are  riveted  to  the 
transverse  bars  in  each  quadrant  of  their  revolution,  as  well  as  at  their  ends  to  the 
necks  of  the  cylinder. 

During  the  rotation  of  the  cylinder,  its  interstices  would  soon  get  cloffsed  with  the 
pulp,  were  not  a  contrivance  introduced  for  creating  a  continual  vertical  agitation  in  the 
inside  of  the  cylinder.  This  is  effected  by  the  up-and-down  motion  of  an  interior  agitator 
or  plunger,  nearly  long  enough  to  reach  from  the  one  end  of  the  cylinder  to  the  other, 
made  of  stout  copper,  and  hollow,  but  water-tight.  A  metal  bar  passes  through  if,  to 
whose  projecting  arm  at  each  end  a  strong  link  is  fixed ;  by  these  two  links  it  is  hung  to 
two  levers,  in  such  a  way  that  when  the  levers  move  up  and  down,  they  raise  and  depress 
the  agitator,  but  they  can  never  make  it  strike  the  sides  of  the  cylinder.  Being  heavier 
than  its  own  bulk  of  water,  the  agitator,  after  being  lifted  by  the  levers,  sinks  suddenly 
afterwards  by  its  weight  alone. 

The  agitator's  range  of  up-and-down  movement  should  be  about  one  inch  and  a  quarter, 
and  the  number  of  its  vibrations  about  80  or  100  per  minute;  the  flow  of  the  pulp  through 
the  apertures  is  suddenly  checked  in  its  descent  and  promoted  in  its  ascent,  with  the 
effect  of  counteracting  obstructions  between  the  ribs  of  the  cylinder. 

The  sieve  cylinder  has  a  toothed  wheel  fixed  uprn  the  tubular  part  of  one  of  its  ends 
which  works  between  two  metal  flanches  made  fnst  to  the  wooden  side  of  the  vat,  for 
the  purpose  of  keeping  the  pulp  away  from  the  wheel ;  and  it  is  made  to  revolve  by  a 
pinion  fixed  on  a  spindle,  which  going  across  the  vat,  is  secured  by  two  phimmer  blocks 
on  the  outside  of  the  troughs,  and  has  a  rotatory  motion  given  to  it  by  an  outside  rigo-er 
or  pulley,  by  means  of  a  strap  from  the  driving  shaft,  at  the  rate  of  40  or  50  revolutions 
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per  minute.  This  spindle  has  also  two  double  eccentrics  fixed  upon  it,  immediately 
under  the  levers,  so  that  in  every  revolution  it  lifts  those  levers  twice,  and  at  the  same 
time  lifts  the  agitator. 

The  diameter  of  the  sieve  cylinder  is  not  very  material,  but  14  inches  haA'e  been  found 
a  convenient  size ;  its  length  must  be  regulated  according  to  the  magnitude  of  the  machine 
which  it  is  destined  to  supply  with  pulp.  One,  four  feet  long  in  the  cage  part,  is  sufficient 
to  supply  a  machine  of  the  largest  size  in  ordinary- use,  viz.,  one  capable  of  making  paper 
4  feet  6  inches  wide.  When  the  cylinder  is  of  this  length,  it  should  have  a  wheel  and 
pinion  at  each  end. 

Metal  flanches  are  firmly  fixed  to  the  sides  of  the  vat,  with  a  water-tight  joint,  and 
form  the  bearings  in  which  the  cylinder  works. 

Mr.  Turner  of  Bermondsey,  paper-maker,  obtained  a  patent  in  March,  1831,  for  a 
peculiar  strainer,  designed  to  arrest  the  lumps  mixed  with  the  finer  paper  pulp,  whereby 
he  can  dispense  with  the  usual  vat  and  hog  in  which  the  pulp  is  agitated  immediately 
before  it  is  floated  upon  the  endless  wire-web  of  the  Fourdrinier  apparatus.  His  strainer 
may  also  be  applied  advantageously  to  hand  paper  machines.  He  constructs  his  sieves 
of  a  circular  form,  by  combining  any  desirable  number  of  concentric  rings  of  metal, 
with  small  openings  between  them,  from  the  50th  to  the  100th  part  of  an  inch  wide.  In 
order  to  facilitate  the  passage  of  the  fine  pulp  and  water,  the  sieves  receive  a  vibratory 
motion  up  and  down,  which  supersedes  the  hog  employed  in  other  paper-making 
machines. 

A  mechanism  to  serve  the  same  purpose  as  the  preceding,  in  which  Mr.  Ibotson's  plan 
of  a  parallel  rod-strainer  is  modified,  was  made  the  subject  of  a  patent  by  Mr.  Henry 
Brewer,  of  Surrey  Place,  Southwark,  in  March,  1832.  He  constructs  square  boxes  with 
gridiron  bottoms,  and  gives  a  powerful  up-and-down  vibration  in  the  pulp  tub,  by  levers, 
rotatory  shafts,  and  cranks. 

As  the  contrivance  is  not  deficient  in  ingenuity,  and  maybe  useful,  I  shall  describe  this 
mode  of  adapting  his  improved  strainers  to  a  vat  in  which  paper  is  to  be  made  by  hand 
moulds.  A  hog  (or  churning  relator)  is  employed  for  the  purpose  of  agitating  the  pulp 
at  the  bottom  of  the  vat,  in  which  the  sieve  is  suspended  from  a  crank-shaft,  or  in  any 
other  way,  so  as  to  receive  the  up-and-down  vibratory  motion  for  the  purpose  of  straining 
the  pulp.  The  pulp  may  be  supplied  from  a  chest,  and  passed  through  a  cock  into  a 
trough,  by  which  it  is  conveyed  to  the  strainers. 

A  pipe  from  the  bottom  of  the  vat  leads  into  a  lifter-box,  which  is  designed  to  convey 
thin  pulp  into  the  sieve,  in  order  to  dilute  that  which  is  delivered  from  the  chest.  This 
pipe  also  allows  the  small  lumps,  called  rolls,  to  be  re-sifted.  The  pressure  of  (he  pulp 
and  water  in  the  vat  forces  the  pulp  up  the  pipe  into  the  lifter-box,  whence  it  is  taken 
by  rotatorj-  lifters,  and  discharged  into  a  trough,  where  it  runs  down  and  mixes  with 
the  thick  pulp  from  the  chest,  as  before  mentioned.  By  these  means  the  contents  of 
the  vat  are  completely  strained  or  sifted  over  again  in  the  course  of  almost  every 
hour,  ,> 

A  patent  was  obtained  for  a  paper-pulp  strainer  by  Mr.  Joseph  Amies,  of  Loose,  in 
the  county  of  Kent,  paper  manufacturer,  who  makes  the  bottoms  of  his  improved 
strainers  with  plates  of  brass  or  other  suitable  metal,  and  forms  the  apertuies  for  the  fine 
fibres  of  pulp  to  pass  through,  by  cutting  short  slits  through  such  plates,  taking  care 
that  as  much  metal  is  left  between  the  ends  of  each  short  slit  and  the  next  following 
as  will  properly  brace  or  stiffen  the  ribs  of  the  strainer  ;  and  he  prefers  that  the  end  of 
one  slit  shall  be  nearly  opposite  to  the  middle  of  the  two  slits  next  adjoining  it,  which 
is  commonly  called  blocking  the  joints.  This  is  for  giving  rigidity  to  the  bottom  of  the 
strainer,  and  constitutes  the  main  feature  of  his  improvement.  The  bottoms  of  sieves 
previously  constructed  with  long  metallic  rods,  he  considers  to  be  liable  to  lateral  vibra- 
tion in  use,  and  thus  to  have  permitted  knots  and  lumps  to  pass  through  their  expanded 
intervals.  This  objection  is  not  applicable  to  Mr.  Dickinson's  squirrel-cage  strainer,  of 
which  the  ribs  may  be  made  rigid  by  a  sufficient  number  of  transverse  bars ;  nor  in  fact 
is  it  applicable  to  Mr.  Ibotson's  original  strainer,  as  it  is  admirably  constructed  by  Messrs. 
Donkin  and  Co.  Each  bar  which  they  make  being  inflexible  by  a  feathered  rib,  is  render- 
ed perfectly  straight  in  its  edge  by  grinding  with  emery  upon  a  flat  disc-wheel  of  block  tin, 
and  of  invariable  length,  by  a  most  ingenious  method  of  turning  each  set  of  bars  in  a 
lathe.  The  bars  are  afterwards  adjusted  in  the  metallic  sieve-frame,  or  chest,  at  any 
desired  distance  apart,  from  the  120th  to  the  60th  of  an  inch,  in  such  a  manner  as  secures 
them  from  all  risk  of  derangement  by  the  vibratory  or  jogging  motion  in  shaking  the 
pulpy  fibres  through  the  lineal  intervals  between  them. 

Mr.  James  Brown,  paper  manufacturer,  of  Esk  mills,  near  Edinburgh,  obtained  a 
patent  in  May,  1836,  for  a  particular  mode  of  applying  suction  to  the  pasty  web  in 
the  Fourdrinier's  machine.  He  places  a  rectangular  box  transversely  beneath  the  hori- 
zontal wire  cloth,  without  the  interposition  of  any  perforated  covering,  such  as  had  been 
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tried  in  the  previously  constructed  vacuum  machines,  and  which  he  considers  to  have 
impeded  their  efficacy  in  condensing  the  pulp  and  extracting  the  water. 

Upon  this  and  all  similar  contrivances  for  making  a  partial  vacuum  under  the  pulpy 
paper  web,  it  may  be  justly  remarked,  that  they  are  more  apt  to  injure  than  improve  the 
texture  of  the  article  ;  since  when  the  suction  is  unequally  operative,  it  draws  down  not 
only  the  moisture,  but  many  of  the  vegetable  fibres,  causing  roughnesses,  and  even  nu- 
merous small  perforations  in  the  paper. 

A  modification  of  Mr.  Dickinson's  cylinder-mould  continuous  paper  machine  was 
made  the  subject  of  a  patent  in  Nov.  1830,  by  Mr.  John  Hall,  jun.,  of  Dartford,  as 
communicated  to  him  by  a  foreigner  residing  abroad.  The  leading  feature  of  the 
invention  is  a  mode  of  supplying  the  vat  in  which  the  wire  cylinder  is  immersed  with  a 
copious  flow  of  water,  for  the  purpose  of  creating  a  considerable  pressure  upon  the  exter- 
nal surface  of  the  cylinder,  and  thereby  causing  the  fibres  of  the  paper  pulp  to  adhere  to 
the  mould. 

There  is  a  semi-cylindrical  trough,  in  which  the  mould  is  immersed,  and  made  to 
revolve  by  any  convenient  means.  The  pulp  is  transferred  from  the  vat  into  that  vessel 
at  its  bottom  part.  On  the  side  of  the  drum-mould  opposite  to  the  vat,  there  is  a  cis- 
tern iato  which  a  copious  flow  of  water  is  delivered,  which  passes  thence  into  the  semi- 
cj'lindrical  trough.  In  the  interior  of  the  cylindrical  mould,  a  bent  or  syphon  tube  is 
introduced,  on  the  horizontal  part  of  which  tube,  inside,  the  mould  revolves.  This 
tube  is  connected  at  the  outside  to  a  pump,  by  which  the  water  is  drawn  from  the  in- 
terior of  the  cylindrical  mould.  Thus  the  water  in  the  semi-cylindrical  trough,  on  the 
outside  of  the  drum,  is  kept  at  a  considerably  higher  level  than  it  is  within ;  and  con- 
sequently the  pressure  of  the  water,  as  it  passes  through  the  wire  gauze,  will,  it  is  sup- 
posed, cause  the  fibres  of  the  paper  pulp  to  adhere  to  the  circumference  of  the  mould. 
The  water  which  is  withdrawn  from  the  interior  of  the  drum  by  the  recurved  tube,  is  con- 
ducted round  into  the  cistern,  where  its  discharge  is  impeded  by  several  vertical  par- 
titions, which  make  the  water  flow  in  a  gentle  stream  into  the  semi-cylindrical  mould  vat. 
In  order  to  keep  the  pulp  properly  agitated  in  the  mould  vat,  a  segment  frame,  having 
rails  extended  across  the  vat,  is  moved  to  and  fro ;  as  the  drum  mould  goes  round,  the 
fibres  of  the  pulp  are  forced  against  its  circumference,  and  as  the  water  passes  through, 
the  fibres  adhere,  forming  the  sheet  of  paper,  which,  on  aiTiving  at  a  couching  roller 
above,  is  taken  up  as  usual  by  an  endless  felt,  conducted  away  to  the  drying  apparatus, 
and  thence  to  the  reel  to  be  wound  up. 

The  patentee  claims  merely  the  application  of  a  pump  to  draw  the  water  from  the  in- 
terior of  the  mould  drum,  and  to  throw  it  upon  its  external  surface. 

A  ras-cutting  and  lacerating  machine  was  patented  by  Mr.  Henry  Davy,  of  Camber- 
well,  in  September,  1833,  being  a  communication  from  a  foreigner  residing  abroad. 
The  machine  consists  of  an  endless  feeding-cloth,  by  which  the  rough  rags  supplied  by 
the  attendants  are  progressively  conducted  forwards  to  a  pair  of  feed-rollers  ( see  Cottoit, 
spinning),  and  on  passing  through  these  rollers,  the  rags  are  subjected  to  the  operation 
of  rotatory  cutters,  acting  against  a  fixed  or  ledger  blade,  which  cut  and  tear  them  to 
pieces.  Thence  the  rags  pass  down  an  inclined  sieve,  upon  which  they  are  agitated  to 
separate  the  dust.  The  cleaned  fragments  are  delivered  on  to  a  horizontal  screen  or 
sorting  table,  to  suflfer  examination.  When  picked  here,  they  are  ready  for  the  pulp- 
engine.  A  distinct  representation  of  this  machine  is  given  in  Newton's  Journal,  con- 
joined series,  vol.  iv.  pi.  h..  fig.  1. 

Mr.  Jean  Jacques  Jequier  obtained  a  patent  in  August,  1831,  for  a  mode  of  making 
paper  on  the  continuous  machine  with  wire-marks.  The  proposed  improvement 
consists  merely  in  the  introduction  of  a  felted  pressing  roller,  to  act  upon  the  paper  after 
it  has  been  discharged  from  the  mould,  and  need  not  therefore  be  particularly  described. 

In  August,  1830,  Mr.  Thomas  Barratt,  paper-maker,  of  St.  Mary  Cray,  in  the  county 
of  Kent,  obtained  a  patent  for  an  apparatus  by  which  paper  may  be  manufactured  in  a 
continuous  sheet,  with  the  water-mark  and  maker's  name,  so  as  to  resemble  in  every 
reject  paper  made  by  hand,  in  moulds  the  size  of  each  separate  sheet.  On  the  wire 
web,  at  equal  distances  apart,  repetitions  of  the  maker's  name  or  other  device  is  placed, 
according  to  the  size  of  the  paper  when  cut  up  into  single  sheets.  In  manufacturing 
such  paper,. the  ordinary  method  of  winding  upon  a  reel  cannot  be  employed  ;  and 
therefore  the  patentee  has  contrived  a  compensating  reel,  whose  diameter  diminishes  at 
each  revolution,  equal  to  the  thickness  of  a  sheet  of  paper.  See  Newton's  Journal,  C.  S. 
vol.  vii.  p.  285. 

For  Mr.  Lemuel  Wellman  Wright's  series  of  improvements  in  the  manufacture  of 
paper,  specified  in  his  patent  of  November,  1834, 1  must  refer  to  the  above  Journal, 
C.  S.,  vol.  viii.  p.  86. 

A  committee  of  the  Societe  d' Encouragement,  of  Paris,  made  researches  upon  the  best 
composition  for  sizing  paper  in  the  vat,  and  gave  the  following  recipe  : — 
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100  kilogiammes  of  dry  paper  stuff. 
12        —  starch. 

1        —  rosin,  previously  dissolved  in  500  grammes 

of  carbonate  of  soda. 
18  pails  of  water. 

M.  Braconnot  proposed  the  following  formula  in  the  23d  volume  of  the  Annates  de, 
Chimie  et  de  Physique  : — To  100  parts  of  dry  stuff,  properly  diffused  through  water, 
add  a  boilins;  uniform  solution  of  8  parts  of  flour,  with  as  much  caustic  potash  as  will 
render  the  liquor  clear.  Add  to  it  one  part  of  white  soap  previously  dissolved  in  hot 
water.  At  the  same  time  heat  half  a  part  of  rosin  with  the  requisite  quantity  of  weak 
potash  ley  for  dissolving  the  rosin ;  mix  both  solutions  together,  and  pour  into  them  one 
part  of  alum  dissolved  in  a  little  waler. 

Those  who  color  prints,  size  them  previously  with  the  following  composition : — 4  oun- 
ces of  glue,  and  4  ounces  of  white  soap  dissolved  in  3  English  pints  of  hot  water.  When 
the  solution  is  complete,  two  ounces  of  pounded  alum  must  be  added,  and  as  soon  as  the 
composition  is  made  homogeneous  by  stirring,  it  is  ready  for  use.  It  is  applied  cold  with 
a  sponge,  or  rather  with  a  flat  camel's  hair  brush.  Ackermann's  liquor,  as  analyzed  by 
Vauquelin,  may  be  made  for  sizing  paper  as  follows  : — 

100  kilogrammes  of  dry  stuff. 
4  —  glue. 

8  —  resinous  soap. 

8  —  alum. 

The  soap  is  made  from  4-8  kilos,  of  pounded  rosin,  and  2-22  crystals  of  carbonate  of 
soda,  dissolved  in  100  litres  of  water.  It  is  then  boiled  till  the  mixture  becomes  quite 
uniform  ;  the  glue,  previously  softened  by  12  hours'  maceration  in  cold  water,  is  to  be 
next  added  ;  and  when  this  is  totally  dissolved,  the  solution  of  alum  in  hot  water  is  poured 
in.  Three  quarts  of  this  size  were  introduced  into  the  vat  with  the  stuff,  and  well  mixed 
with  it.  The  paper  manufactured  with  this  paste  seemed  to  be  of  excellent  quality,  and 
well  sized. 

The  Chinese,  in  manufacturing  paper,  sometimes  employ  linen  rags,  as  we  do ;  at  other 
times,  the  fibres  of  the  young  bamboo ;  of  the  mulberry  ;  the  envelope  of  the  silk-worm 
cocoon ;  also  a  tree,  unknown  to  our  botanists,  which  the  natives  call  chti  or  ko-chu ;  cot- 
ton down,  and  especially  the  cotton  tree.  The  processes  pursued  in  China  to  make  paper 
with  the  inner  bark  of  their  paper-tree  (Broussomtia-papyrifera),  or  Chinese  mulberry, 
have  been  described  at  great  length  in  the  bulletin  of  the  Societe  d'  Encouragement,  for 
1826,  p.  226  ;  but  they  will  hardly  prove  serviceable  to  a  European  manufacturer.  That 
tree  has  been  acclimated  in  France. 

Chinese  paper  is  not  so  well  made  as  the  good  paper  of  Europe  ;  it  is  not  so  white, 
it  is  thinner,  and  more  brittle,  but  extremely  soft  and  silky.  The  longitudinal  tenacity 
of  its  filaments,  however,  renders  it  fitter  for  the  engraver  than  our  best  paper.  The  Chi- 
nese, after  triturating,  grinding,  and  boiling  the  bamboo,  set  the  paste  to  ferment  in  a  heap 
covered  with  mats.  Chinese  paper  is  readily  recognised,  because  it  is  smooth  on  one 
side,  and  bears  on  the  other  the  marks  of  the  brush  with  which  it  is  finished,  upon 
smooth  tables,  in  order  to  dry  it  flat.  The  kind  employed  for  engravings  is  in  sheets  four 
feet  long,  and  two  broad.  It  is  made  of  the  bamboo ;  their  myrtle-tree  paper  would  be 
too  strong  for  this  purpose. 

Tracing  paper. 

The  best  paper  of  this  kind,  sometimes  superfluously  called  vegetable  paper,  is  made 
of  the  refuse  of  the  flax  mills,  and  prepared  by  the  engine  without  fermentation.  It  thus 
forms  a  semi-transparent  paste,  and  affords  a  transparent  paper.  Bank-note  paper  is  made 
of  the  same  materials,  but  they  always  undergo  a  bleaching  with  chloride  of  lime.  Great 
nicety  is  required  in  drying  this  kind  of  paper.  For  this  purpose,  each  sheet  must  be  put 
between  two  sheets  of  gray  paper  in  the  press ;  and  this  gray  paper  must  be  renewed 
several  times,  to  prevent  the  bank-note  paper  from  creasing. 

Paper  of  Safety  or  Surety  ;  Papier  de  Surete. 

This  subject  has  occupied  the  attention  of  the  French  Academy  for  many  years,  in  con- 
sequence of  the  number  of  frauds  committed  upon  the  stamp  revenue  in  France.  One  of 
the  best  methods  of  making  a  paper  which  would  evince  whether  any  part  of  a  writing 
traced  upon  it  had  been  tampered  with  or  discharged,  is  to  mix  in  the  vat  two  kinds  of 
pulp,  the  one  perfectly  white,  the  other  dyed  of  any  color  easily  affected  by  chlorine, 
acids,  and  alkalis.  The  latter  stuff  being  mingled  with  the  former  in  any  desired  propor- 
tion, will  furnish  a  material  for  making  a  paper  which  will  contain  colored  points  distri- 
buted throughout  all  its  substance,  ready  to  show,  by  the  changes  they  suffer,  whether 
any  chemical  reaction  has  been  employed. 


PARAFFINE. 
Quantity  of  Paper  charged  with  Duties  of  Excise,  in  the  United  Kingdom,  in 
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1834. 

1835. 

1836. 

First  class     -        -        -        - 
Second  class      ... 
Pasteboard,  millboard,  &c.     . 

Stained      -        -         -        - 

lbs. 

54,053,721 

16,552,168 

49,392 

yards. 

8,749,144 

lbs. 

56,179,555 

17,8ff3,095 

49,772 

yards. 

8,247,931 

lbs. 

66,202,689 

15,906,258 

36,340 

yards. 

8,032,577 

Amount  of  duty,  first  class     - 

—  second  class 

—  pasteboard,  &,c. 

—  stained     . 

£        s.     d. 

675,671   10     0 

103,451     0     0 

54,689     0     0 

63,795  16     0 

£        s.     d. 

702,244     9     0 

111,644     0     0 

54,548  15     0 

60,141     0     0 

£        s.     d. 

651,699     0     0 

99,414     0     0 

39,557     0     0 

22,112     0     0 

The  late  reduction  of  the  duty,  from  3d.  to  l|d.  per  lb.,  upon  paper  of  the  first  class, 
viz.,  on  all  descriptions  of  it,  except  that  made  out  of  tarred  ropes  only,  has  been  already 
attended  with  considerable  benefit  to  the  manufacture,  and  would  have  acted  with  much 
greater  effect,  but  for  the  American  crisis.  The  gross  amount  of  the  paper  duty  in  the 
year  ending  5th  January,  1836,  was  831,057/.,  and  in  the  year  ending  5th  January, 
1838,  it  was  554,497/. ;  instead  of  being  little  more  than  one  half,  as  might  have 
been  the  case  from  the  reauction  of  the  duty,  which  only  came  into  full  operation  in 
the  year  1837.  At  the  same  time  that  the  tax  on  common  paper  was  reduced,  that 
upon  stained  paper  was  repealed  altogether.  The  effect  of  the  diminution  consequently 
made  in  the  price  of  paper-hangings,  has  been  so  great  as  nearly  to  double  the  con- 
sumption of  the  country,  while  the  manufacture  appears  to  be  still  rapidly  on  the 
increase. 

Declared  Value  of  Stationary  and  Printed  Books  exported  in 


Years. 

Stationary. 

Printed  Books. 

Total. 

1827 

£195,110 

£107,199 

£302,309 

1828 

208,532 

102,874 

311,406 

1829 

190,652 

109,878 

300,530 

1830 

171,848 

95,874 

267,722 

1831 

179,216 

101,110 

280,326 

1832 

177,718 

93,038 

270,756 

1833 

211,518 

124,535 

336,053 

1834 

211,459 

122,595 

334,054 

1835 

259,105 

148,318 

407,423 

1836 

301,121 

178,945 

480,066 

Till  the  paper  trade  shall  escape  entirely  from  the  clutches  of  its  ancient  dry-nurse,  the 
excise,  neither  it  nor  the  book  trade  can  acquire  the  same  ascendency  in  exportation  which 
all  other  articles  of  British  manufactures  have  over  the  French. 

The  value  of  Stationary  exported  in  France,  from  1833,  was — 

Cartons  lustres  (polished  pasteboards  for  the  cloth  manufacture)  18,992  francs. 

Cartons  en  feuilles  (pasteboard  in  sheets)       ....  6  352  

Cartons  monies  (papier-mache)           -        .        -        .        _  215,376  

Cartons  coupes  et  assembles            -        -        -        -         -        -  54  184  

Wrapping  paper 178,'544  — 

White  paper,  and  raye  (ruled)  pour  musique            -        .        .  2,903,075  

Colored  paper  in  reams 58,541  

Stained  paper  (paper  hangings)  in  rouleaux,    ....  1,885,387  

Silk  paper 3,240  — 

Total  (=£208,000)  5,323,621  francs. 

PARAFFINE.  Distil  beech-tar  to  dryness,  rectify  the  heavy  oil  which  collects  at  the 
bottom  of  the  receiver,  and  when  a  thick  matter  begins  to  rise,  set  aside  what  is  distilled, 
and  urge  the  heat  moderately  as  long  as  any  thing  more  distils.  Pyrelaine  passes  over 
containing  crystalline  scales  of  parafline.  This  mixture  being  digested  with  its  own 
volume  of  alcohol  of  0-833,  forms  a  limpid  solution,  which  is  to  be  gradually  diluted 
with  more  alcohol,  till  its  bulk  becomes  6  or  8  times  greater.  The  alcohol,  which  at 
first  dissolves  the  whole,  lets  the  paraffine  gradually  fall.      The  precipitate  being  washed 
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with  cold  alcohol  till  it  becomes  nearly  colorless,  and  then  dissolved  in  boiling  alcohol,  is 
deposited  on  cooling  in  minute  spangles  and  needles  of  pure  paraffine. 

Or  the  above  mixture  may  be  mixed  with  from  J  to  |  its  weight  of  concentrated  sulphu- 
ric acid,  and  subjected  for  12  hours  to  digestion,  at  a  heat  of  150°  F.,  till,  on  cooling,  crj^s- 
tals  of  paraffine  appear  upon  the  surface.  These  are  to  be  washed  with  water,  dissolved 
in  hot  alcohol,  and  crystallized.  Paraffine  is  a  white  substance,  void  of  taste  and  smell, 
feels  soft  between  the  fingers,  has  a  specific  gravity  of  0-87,  melts  at  112°  Fahr.,  boils 
at  a  higher  temperature  with  the  exhalation  of  white  fumes,  is  not  decomposed  by  dry 
distillation,  burns  with  a  clear  white  flame  without  smoke  or  residuum,  does  not  stain 
paper,  and  consists  of  85-22  carbon,  and  14-78  hydrogen ;  having  the  same  composition 
as  olefiant  gas.  It  is  decomposed  neither  by  chlorine,  strong  acids,  alkalis,  nor  potas- 
sium ;  and  unites  by  fusion  with  sulphur,  phosphorus,  wax,  and  rosin.  It  dissolves 
readily  in  warm  fat  oils,  in  cold  essential  oils,  in  ether,  but  sparingly  in  boiling  absolute 
alcohol.  Paraffine  is  a  singular  solid  bicarburet  of  hydrogen ;  it  has  not  hitherto  been 
applied  to  any  use,  but  it  would  form  admirable  candles. 

PARCHMENT.  (Parchemin,  Fr. ;  Pergament,  Germ.)  This  writing  material  has 
been  known  since  the  earliest  times,  but  is  now  made  in  a  very  superior  manner  to  what 
it  was  anciently,  as  we  may  judge  by  inspection  of  the  old  vellum  and  parchment 
manuscripts.  The  art  of  making  parchment  consists  in  certain  manipulations  necessary 
to  prepare  the  skins  of  animals  of  such  thinness,  flexibility,  and  firmness,  as  may  be  re- 
quired for  the  different  uses  to  which  this  substance  is  applied.  Though  the  skins  of  all 
animals  might  be  converted  into  writing  materials,  only  those  of  the  sheep  or  the  she- 
goat  are  used  for  parchment ;  those  of  calves,  kids,  and  dead-born  lambs  for  vellum ; 
those  of  the  he-goat,  she-goat,  and  wolves  for  drum-heads  ;  and  those  of  the  ass  for  battle- 
doors.  All  these  skins  are  prepared  in  the  same  way,  with  slight  variations,  which  need 
no  particular  detail. 

They  are  first  of  all  prepared  by  the  leather-dresser.  After  they  are  taken  out  of 
the  lime-pit,  shaved,  and  well  washed,  they  must  be  set  to  dry  in  such  a  way  as  to 
prevent  their  puckering,  and  to  render  them  easily  worked.  The  small  manufac- 
turers make  use  of  hoops  for  this  purpose,  but  the  greater  employ  a  herse,  or  stout 
wooden  frame.  This  is  formed  of  two  uprights  and  two  cross-bars  solidly  joined  together 
by  tenons  and  mortises,  so  as  to  form  a  strong  piece  of  carpentrj^,  which  is  to  be  fixed  up 
against  a  wall.  These  four  bars  are  perforated  all  over  with  a  series  of  holes,  of  such 
dimensions  as  to  receive  slightly  tapered  box- wood  pins,  truly  turned,  or  even  U'on 
bolts.  Each  of  these  pins  is  transpierced  with  a  hole  like  the  pin  of  a  violin,  by  means 
of  which  the  strings  employed  in  stretching  the  skin  may  be  tightened.  Above  the  herse, 
a  shelf  is  placed,  for  receiving  the  tools  which  the  workman  needs  to  have  always 
at  hand.  In  order  to  stretch  the  skin  upon  the  frame,  larger  or  smaller  skewers 
are  employed,  according  as  a  greater  or  smaller  piece  of  it  is  to  be  laid  hold 
of.  Six  holes  are  made  in  a  straight  line  to  receive  the  larger,  and  four  to  receive 
the  smaller  skewers  or  pins.  These  small  slits  are  made  with  a  tool  like  a  carpenter's 
chisel,  and  of  the  exact  size  to  admit  the  skewer.  The  string  round  the  skewer  is 
affixed  to  one  of  the  bolts  in  the  frame,  which  are  turned  round  by  means  of  a  key,  like 
that  by  which  pianos  and  harps  are  tuned.  The  skewer  is  threaded  through  the  skin  in 
a  state  of  tension. 

Every  thing  being  thus  prepared,  and  the  skin  being  well  softened,  the  worKman 
stretches  it  powerfully  by  means  of  the  skewers  ;  he  attaches  the  cords  to  the  skewers, 
and  fixes  their  ends  to  the  iron  pegs  or  pins.  He  then  stretches  the  skin,  first  with  his 
hand  applied  to  the  pins,  and  afterwards  with  the  key.  Great  care  must  be  taken  that 
no  wrinkles  are  formed.  The  skin  is  usually  stretched  more  in  length  than  in  breadth, 
from  the  custom  of  the  trade ;  though  extension  in  breadth  would  be  preferable,  in  order 
to  reduce  the  thickness  of  the  part  opposite  the  backbone. 

The  workman  now  takes  the  fleshing  tool  represented  under  Currying.  It  is  a  semi- 
circular double-edged  knife,  made  fast  into  a  double  wooden  handle.  Other  forms  of 
the  fleshing-knife  edge  are  also  used.  They  are  sharpened  by  a  steel.  The  workman 
seizes  the  tool  in  his  two  hands,  so  as  to  place  the  edge  perpendicularly  to  the  skin,  and 
pressing  it  carefully  from  above  downwards,  removes  the  fleshy  excrescences,  and  lays 
them  aside  for  making  glue.  He  now  turns  round  the  herse  upon  the  wall,  in  order  to 
get  access  to  the  outside  of  the  skin,  and  to  scrape  it  with  the  tool  inverted,  so  as  to 
run  no  risk  of  cutting  the  epidermis.  He  thus  removes  any  adhering  filth,  and  squeezes 
out  some  water.  The  skin  must  next  be  ground.  For  this  purpose  it  is  sprinklwi 
upon  the  fleshy  side  with  sifted  chalk  or  slaked  lime,  and  then  rabbed  in  all  directions 
with  a  piece  of  pumice-stone,  4  or  5  inches  in  area,  previously  flattened  upon  a  sandstone. 
The  lime  gets  soon  moist  from  the  water  contained  in  the  skin.  The  pumice-stone  is 
then  rubbed  over  the  other  side  of  the  skin,  but  without  chalk  or  lime.  This  operation 
is  necessary  only  for  the  best  parchment  or  vellum.  The  skin  is  now  allowed  to  dry 
upon  the  frame ;  being  carefully  protected  from  sunshine,  and  from  frost.    In  the  arid 
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weather  of  summer  a  moist  cloth  needs  to  be  applied  to  it  from  time  to  tmie,  to  prevent 
its  drying  too  suddenly ;  immediately  after  which  the  skewers  require  to  be  tightened. 

When  it  is  perfectly  dry,  the  white  color  is  to  be  removed  by  rubbing  it  with  the 
woolly  side  of  a  lambskin.  But  great  care  must  be  taken  not  to  fray  the  surface  ;  a  cir- 
cumstance of  which  some  manufacturers  are  so  much  afraid,  as  not  to  use  either  chalk  or 
lime  in  the  polishing.  Should  any  grease  be  detected  upon  it,  it  must  be  removed  by 
steeping  it  in  a  lime  pit  for  10  days,  then  stretching  it  anew  upon  the  herse,  after  which 
it  is  transferred  to  the  scraper 

This  workman  employs  here  an  edge  tool  of  the  same  shape  as  the  fleshing-knife,  but 
larger  and  sharper.  He  mounts  the  skin  upon  a  frame  like  the  herse  above  described  ; 
but  he  extends  it  merely  with  cords,  without  skewers  or  pins,  and  supports  it  generallj 
upon  a  piece  of  raw  calfskin,  strongly  stretched.  The  tail  of  the  skin  being  placed 
towards  the  bottom  of  the  frame,  the  workman  fii-st  pares  ofl",  with  a  sharp  knife,  any 
considerable  roughnesses,  and  then  scrapes  the  outside  surface  obliquely  downwards  with 
the  proper  tools,  till  it  becomes  perfectly  smooth  :  the  fleshy  side  needs  no  such  operation, 
and  indeed  were  both  sides  scraped,  the  skin  would  be  apt  to  become  too  thin,  the  only 
object  of  the  scraper  being  to  equalize  its  thickness.  Whatever  irregularities  remain, 
may  be  removed  with  a  piece  of  the  finest  pumice-stone,  well  flattened  beforehand  upon 
a  fine  sandstone.  This  process  is  performed  by  laying  the  rough  parchment  upon  an  ob- 
long plank  of  wood,  in  the  form  of  a  stool ;  the  plank  being  covered  with  a  piece  of  soft 
parchment  stuflfed  with  wool,  to  form  an  elastic  cushion  for  the  grinding  operation.  It  is 
merely  the  outside  surface  that  requires  to  be  pumiced.  The  celebrated  Strasburgh 
vellum  is  prepared  with  remarkably  fine  pumice-stones. 

If  any  small  holes  happen  to  be  made  in  the  parchment,  they  must  be  neatly  patched, 
.by  cutting  their  edges  thin,  and  pastina:  on  small  pieces  with  gum  water. 

The  skins  for  drum-heads,  sieves,  and  battledoors  are  prepared  in  the  same  way.  For 
drums,  the  skins  of  asses,  calves,  or  wolves  are  employed ;  the  last  being  preferred.  Ass 
skins  are  used  for  battledoors.  For  sieves,  the  skins  of  calves,  she-goats,  and,  best  of  all, 
he-goats  are  employed.     Church  books  are  covered  with  the  dressed  skins  of  pigs. 

Parchment  is  colored  only  green.  The  following  is  the  process.  In  500  parts  of  rain 
water,  boil  8  of  cream  of  tartar,  and  30  of  crystallized  verdigris  ;  when  this  solution  is 
cold,  pour  into  it  4  parts  of  nitric  acid.  Moisten  the  parchment  with  a  brush,  and  then  ap- 
ply the  above  liquid  evenly  over  its  surface.  Lastly,  the  necessary  lusU'e  may  be  given 
with  white  of  eggs,  or  mucilage  of  gum  arable. 

PARTING  (Depart,  Fr. ;  Scheidung,  Germ.),  is  the  process  by  which  gold  is  separated 
from  silver.     See  Assay,  Gold,  Refining,  and  Silver. 

PASTEL,  is  the  French  name  of  colored  crayons. 

PASTEL,  is  a  dye  stuff,  allied  to  Indigo,  which  see. 

PASTES,  or  FACTITIOUS  GEMS.  ( Pier  res  prccieuses  artificielles,  Fr.;  Glaspasten, 
Germ.)  The  general  vitreous  body  called  Strass,  (from  the  name  of  its  German  inven- 
tor,) preferred  by  Fontanier  in  his  treatise  on  this  subject,  and  which  he  styles  the  May- 
ence  base,  is  prepared  in  the  following  manner  : — 8  ounces  of  pure  rock-crystal  or  flint 
in  powder,  mixed  with  24  ounces  of  salt  of  tartar,  are  to  be  baked  and  left  to  cool.  The 
mixture  is  to  be  afterwards  poured  into  a  basin  of  hot  water,  and  treated  with  dilute  nitric 
acid  till  it  ceases  to  effervesce ;  and  then  the  frit  is  to  be  washed  till  the  water  comes  ofl' 
tasteless.  This  is  to  be  dried,  and  mixed  with  12  ounces  of  fine  white-lead,  and  the  mix- 
ture is  to  be  levigated  and  elutriated  with  a  little  distilled  water.  An  ounce  of  calcined 
borax  being  added  to  about  12  ounces  of  the  preceding  mixture  in  a  dry  state,  the  whole 
is  to  be  rubbed  together  in  a  porcelain  mortar,  melted  in  a  clean  crucible,  and  poured  out 
into  cold  water.  This  vitreous  matter  must  be  dried,  and  melted  a  second  and  a  third 
time,  always  in  a  new  crucible,  and  after  each  melting  poured  into  cold  water,  as  at  first, 
taking  care  to  separate  the  lead  that  may  be  revived.  To  the  third  frit,  ground  to  pow- 
der, 5  drachms  of  nitre  are  to  be  added;  and  the  mixture  being  melted  for  the  last  time, 
a  mass  of  crystal  will  be  found  in  the  crucible,  of  a  beautiful  lustre.  The  diamond  may 
be  well  imitated  by  this  Mayence  base.  Another  very  fine  white  crystal  may  be  ob- 
tained, according  to  M.  Fontanier,  from  S  ounces  of  white-lead,  2  ounces  of  powdered 
borax,  5  grain  of  manganese,  and  3  ounces  of  rock-crystal,  treated  as  above. 

The  colors  of  artificial  gems  are  obtained  from  metallic  oxydes.  The  oriental  topaz  is 
prepared  by  adding  oxyde  of  antimony  to  the  base ;  the  amethyst,  by  manganese  with  a 
little  of  the  purple  of  Cassius ;  the  beryl,  by  antimony  and  a  very  little  cobalt;  yellow 
artificial  diamond  and  opal,  by  horn-silver  (chloride  of  silver) ;  blue-stone  or  sapphire,  by 
cobalt.     The  following  proportions  have  been  civen  : — 

For  the  yelloxo  diarnond.  To  1  ounce  of  strass  add  24  grains  of  chloride  of  silver,  or 
10  grains  of  glass  of  antimony. 

For  the  sapphire.  To  24  ounces  of  strass,  add  2  drachms  and  26  grains  of  the  oxyde 
of  cobalt. 

For  the  oriental  ruby.     To   16  ounces  of  strass,  add  a  mixture  of  2  drachms  and  48 
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grains  of  the  precipitate  of  Cassius,  the  same  quantity  of  peroxyde  of  iron  prepared  by 
nitric  acid,  tAe  same  quantity  of  golden  sulphuret  of  antimony  and  of  manganese  calcined 
with  nitre,  and  2  ounces  of  rock  crystal.  Manganese  alone,  combined  with  the  base  in 
proper  quantity,  is  said  to  give  a  ruby  color. 

For  the  emerald.  To  15  ounces  of  strass,  add  1  drachm  of  mountain  blue  (carbonate 
of  cjpper),  and  6  grains  of  glass  of  antimony  ;  or,  to  1  ounce  of  base,  add  20  grains  of 
glass  of  antimony,  and  3  grains  of  oxyde  of  cobalt. 

For  the  common  opal.  To  ]  ounce  of  strass,  add  10  grains  of  horn-silver,  2  grains  of 
calcined  magnetic  ore,  and  26  grains  of  an  absorbent  earth  (probably  chalk-marl) 
Fontanier. 

M.  Douault-Wieland,  in  an  experimental  memoir  on  the  preparation  of  artificial  colored 
stones,  has  offered  the  following  instructions,  as  being  more  exact  than  what  were  pub- 
lished before. 

The  base  of  all  artificial  stones  is  a  colorless  glass,  which  he  calls  fondant,  or  flux ; 
and  he  unites  it  to  metallic  oxydes,  in  order  to  produce  the  imitations.  If  it  be  worked 
alone  on  the  lapidary's  wheel,  it  counterfeits  brilliants  and  rose  diamonds  remarkably 
well. 

This  base  or  strass  is  composed  of  silex,  potash,  borax,  oxyde  of  lead,  and  sometimes 
arsenic.  The  silicious  matter  should  be  perfectly  pure ;  and  if  obtained  from  sand,  it 
ought  to  be  calcined  and  washed,  first  with  dilute  muriatic  acid,  and  then  with  water. 
The  crystal  or  flint  should  be  made  redhot,  quenched  in  water,  and  ground,  as  in  the  pot- 
teries. The  potash  should  be  purified  from  the  best  pearlash ;  and  the  borax  should  be 
refined  by  one  or  two  crystallizations.  The  oxyde  of  lead  should  be  absolutely  free  from 
tin,  for  the  least  portion  of  this  latter  metal  causes  milkiness.  Good  red-lead  is  prefera- 
ble to  litharge.  The  arsenic  should  also  be  pure.  Hessian  crucibles  are  preferable  to 
those  of  porcelain,  for  they  are  not  so  apt  to  crack  and  run  out.  Either  a  pottery  or 
porcelain  kiln  will  answer,  and  the  fusion  should  be  continued  24  hours ;  for  the  more 
tranquil  and  continuous  it  is,  the  denser  is  the  paste,  and  the  greater  its  beauty.  The 
following  four  recipes  have  afforded  good  strass : — 


No.  I. 


No.  m. 


Rock  crystal 
Minium 
Pure  potash 
Borax 
Arsenic 


No.  II. 

Sand 

Ceruse  of  Clichy  (pure  carbonate  of 

lead)        

Potash        -        .        .        .        . 

Borax 360 

Arsenic      .....  12 


Grains. 

4056 

Rock  crystal 

6300 

Minium 

2154 

Potash 

276 

Borax 

12 

Arsenic 

3600 

Rock  crystal 

Ceruse  of  Clichy 

8508 

Potash 

1260 

Borax 

No.  IV. 


Or, 


Very  white  paste 
Glass  of  antimony 
Cassius  purple 


Topaz. 


Paste 

Oxyde  of  iron,  called  Saffron  of  Mars 


Grains. 

. 

3456 

. 

5328 

. 

1944 

. 

216 

• 

6 

3600 

8508 

. 

1260 

• 

360 

Grains. 

1008 

43 

1 

3456 

36 

Ruby. 
M.  Wieland  succeeded  in  obtaining  excellent  imitations  of  rubies,  by  making  use  of 
the  topaz  materials.  It  often  happened  that  the  mixture  for  topazes  gave  only  an  opaque 
mass,  translucent  at  the  edges,  and  in  thin  plates  of  a  red  color.  1  part  of  this  substance 
being  mixed  with  8  parts  of  strass,  and  fused  for  30  hours,  gave  a  fine  yellowish  crystal- 
like paste,  and  fragments  of  this  fused  before  the  blowpipe,  afforded  the  finest  imitation 
of  rubies.     The  result  was  always  the  same. 

The  following  are  other  proportions  for  rubies  : —  Grains. 

Paste 2880" 

Oxyde  of  manganese       .......  72 

Emerald. 

Paste                       4608 

Green  oxyde  of  pure  copper     --.--.  42 

'    Oxyde  of  chi-ome     ----.-..  2 
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Sapphire.  Cr-ains. 

Paste 46m^ 

Oxyde  of  cobalt  - 68 

This  mixture  should  be  carefully  fused  in  a  luted  Hessian  crucible,  and  be  left^o  hours 
in  the  fire. 

Amethyst.  i         Syrian  Garnet,  or  Ancient  Carbunch.. 

Grsins. 

Paste 512 

Glass  of  antimony        ...  25b 

Cassius  purple         .        .        -        .  2 

Oxyde  of  manganese     ...  2 

Beryl,  or  Aqua  Marina.  Grains. 

Paste ■     3456 

Glass  of  antimony 24 

Oxj'de  of  cobalt         ---....  li 

In  all  these  mixtures,  the  substances  should  be  mixed  by  sifting,  fused  very  carefully, 
and  cooled  very  slowly,  after  having  been  left  in  the  fire  from  24  to  30  hours. 

M.  Lanijon  has  also  made  many  experiments  on  the  same  subject.     The  following  are 
a  few  of  his  proportions  :- 


Grains. 

Paste      -         -         -        - 

-    4608 

Oxyde  of  manganese    - 

36 

Oxyde  of  cobalt 

24 

Purple  of  Cassius 

1 

Paste.  Grains. 

Litharge 100 

"White  sand 75 

White  tartar,  or  potash  -        -         10 


Amethyst.  Grains. 

Paste 9216 

Oxyde  of  manganese      -  from  15  to  24 

Oxyde  of  cobalt       .        .        .        _  l 

Emerald.  Grains. 

Paste 9216 

Acetate  of  copper         ......  72 

Peroxyde  of  iron,  or  saffron  of  Mars         ...  1-5 

PASTILLE  is  the  English  name  of  small  cones  made  of  gum  benzoin,  with  powder 
of  cinnamon,  and  other  aromatics,  which  are  burned  as  incense,  to  diff'use  a  grateful  odor, 
and  conceal  unpleasant  smells  in  apartments.     See  Perfumery. 

PASTILLE  is  the  French  name  of  certain  aromatic  sugared  confections ;  called  also 
tableties. 

PEARLASH,  a  commercial  form  of  Potash,  which  see. 

PEARLS  (Perks  Fr. ;  Perlen,  Germ.),  are  the  productions  of  certain  shell-fish.  These 
molluscae  are  subject  to  a  kind  of  disease  caused  by  the  introduction  of  foreign  bodies 
within  their  shells.  In  this  case,  their  pearly  secretion,  instead  of  being  spread  in  layers 
upon  the  inside  of  their  habitation,  is  accumulated  round  these  particles  in  concentric  lay- 
ers.    Pearl  consists  of  carbonate  of  lime,  interstratified  with  animal  membrane. 

The  oysters  whose  shells  are  richest  in  mother  of  pearl,  are  most  productive  of 
these  highly  prized  spherical  concretions.  The  most  valuable  pearl  fisheries  are  on  the 
coast  of  Ceylon,  and  at  Olmutz  in  the  Persian  Gulf,  and  their  finest  specimens  are  more 
highly  prized  in  the  East  than  diamonds,  but  in  Europe  they  are  liable  to  be  rated  very 
differently,  according  to  the  caprice  of  fashion.  When  the  pearls  are  large,  truly 
spherical,  reflecting  and  decomposing  the  light  with  much  vivacity,  they  are  much 
admired.  But  one  of  the  causes  which  renders  their  value  fluctuating,  is  the  occasional 
loss  of  their  peculiar  lustre,  without  our  being  able  to  assign  a  satisfactoi"y  reason  for  it. 
Besides,  they  can  be  now  so  well  imitated,  that  the  artificial  pearls  have  nearly  as  rich  an 
appearance  as  the  real. 

PEARLS,  ARTIFICIAL.  These  are  small  globules  or  pear-shaped  spheroids  of 
thin  glass,  perfoiated  with  two  opposite  holes,  through  which  they  are  strung,  and 
mounted  into  necklaces,  &c.,  like  real  pearl  ornaments.  They  must  not  only  be  white 
and  brilliant,  but  exhibit  the  iridescent  reflections  of  mother  of  pearl.  The  liquor 
employed  to  imitate  the  pearly  lustre,  is  called  the  essence  of  the  East  (essence  d'  orient), 
which  is  prepared  by  throwing  into  water  of  ammonia  the  brilliant  scales,  or  rather  the 
lamellce,  separated  by  washing  and  friction,  of  the  scales  of  a  small  river  fish,  the  blay, 
called  in  French  ablette.  These  scales  digested  in  ammonia,  having  acquired  a  degree  of 
softness  and  flexibility  which  allow  of  their  application  to  the  inner  surfaces  of  the  glass 
globules,  they  are  introduced  by  suction  of  the  liquor  containing  them  in  suspension.  The 
ammonia  is  volatilized  in  the  act  of  drying  the  globules. 

It  is  said  that  some  manufacturers  employ  ammonia  merely  to  prevent  the  alteration 
of  the  scales ;  that  when  they  wish  to  make  use  of  them,  they  suspend  them  in  a 
well  clarified  solution  of  isinglass,  then  pour  a  drop  of  the  mixture  into  each  bead, 
and  spread  it  round  the  inner  surface.  It  is  doubtful  whether,  by  this  method,  the  same 
lustre  and  play  of  colors  can  be  obtained  as  by  the  former.  It  seems  moreover  to  be 
of  importance  for  the  success  of  the  imitation,  that  the  globules  be  formed  of  a  bluish, 
opalescent,  very  thin  glass,  containing  but  little  potash  and  oxyde  of  lead.     In  every  manu- 
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factory  of  art«^f^^l  pearls,  there  must  be  some  workmen  possessed  of  great  experience 
and  dexterit/-     The  French  are  supposed  to  excel  in  this  ingenious  branch  of  industry, 

PEARJ^  WHITE  is  a  submuriale  of  bismuth,  obtained  by  pouring  a  solution  of  the 
nitrate  jf  that  metal  into  a  dilute  solution  of  sea-salt,  whereby  a  light  and  very  white 
powd-r  is  obtained,  which  is  to  be  well  washed  and  dried.     See  Bismuth. 

PJ^CTIC  ACID  (jlcide  pedique,  Fr. ;  Gallertsaure,  Germ.),  so  named  on  account 
of  lis  jellying  property,  from  ■nn>'Tis,  coaguluin,  exists  in  a  vast  number  of  vegetables. 
The  easiest  way  of  preparing  it,  is  to  grate  the  roots  of  carrots  into  a  pulp,  to  express 
tlieir  juice,  to  wash  the  marc  with  rain  or  distilled  water,  and  to  squeeze  it  well ;  50 
parts  of  the  marc  are  next  to  be  diii'used  through  300  of  rain-water,  adding  by  slow 
degrees  a  solution  of  one  part  of  pure  potash,  or  two  of  bicarbonate.  This  mixture 
is  to  be  heated,  so  as  to  be  made  to  boil  for  about  a  quarter  of  an  hour,  and  is  then  to 
be  thrown  boiling-hot  upon  a  filter  cloth.  It  is  known  to  have  been  well  enough 
boiled,  when  a  sample  of  the  filtered  liquor  becomes  gelatinous  by  neutralizing  it  with 
an  acid.  This  liquor  contains  peclate  of  potassa,  in  addition  to  other  matters  extricated 
from  the  root.  The  pectate  may  be  decomposed  by  a  stronger  acid,  but  it  is  better  to 
decompose  it  by  muriate  of  lime ;  whereby  a  pectate  of  lime,  in  a  gelatinous  form,  quite 
insoluble  in  water,  is  obtained.  This  having  been  washed  with  cold  water  upon  a  cloth, 
is  to  be  boiled  in  water  containing  as  much  muriatic  acid  as  will  saturate  the  lime.  The 
pectic  acid  thus  liberated,  remains  under  the  form  of  a  colorless  jelly,  which  reddens  lit- 
mus paper,  and  tastes  sour,  even  after  it  is  entirely  deprived  of  the  muriatic  acid.  Cold 
water  dissolves  very  little  of  it ;  it  is  more  soluble  in  boiling  water.  The  solution  is 
colorless,  does  not  coagulate  on  cooling,  and  hardly  reddens  litmus  paper  ;  but  it  gelatini- 
zes when  alcohol,  acids,  alkalis,  or  salts  are  added  to  it.  Even  sugar  transforms  it,  after 
some  time,  into  a  gelatinous  state,  a  circumstance  which  serves  to  explain  the  preparation 
of  apple,  cherry,  raspberry,  gooseberry,  and  other  jellies. 

PECTINE,  or  vegetable  jelly,  is  obtained  by  mixing  alcohol  with  the  juice  of  ripe 
currants,  or  any  similar  fruit,  till  a  gelatinous  precipitate  takes  place ;  which  is  to  be 
gently  squeezed  in  a  cloth,  washed  with  a  little  weak  alcohol,  and  dried.  Thus  pre- 
pared, pectine  is  insipid,  without  action  upon  litmus,  in  small  pieces,  semi-transparent, 
and  of  a  membranous  aspect,  like  isinglass.  Its  mucilaginous  solution  in  cold  water  is 
not  tinged  blue  with  iodine.  A  very  small  addition  of  potash,  or  its  carbonate,  converts 
pectine  into  pectic  acid ;  both  of  which  substances  are  transformed  into  mucic  and  oxalic 
acids  by  the  nitric. 

PELTRY  {Pelleterie,  Fr. ;  Pelzwerk,  Germ.),  is  nearly  synonymous  with  fur,  and 
comprehends  the  skins  of  different  kinds  of  wild  animals  that  are  found  in  high 
northern  latitudes,  particularly  in  the  American  continent ;  such  as  the  beaver,  bear, 
moosedeer,  marten,  mink,  sable,  wolverine,  wolf,  &c.  When  these  skins  have  received 
no  preparation  but  from  the  hunters,  they  are  most  properly  called  peltry  ;  but  when  they 
have  had  the  inner  side  tawed  or  tanned  (see  Leather)  by  an  aluminous  process,  they 
may  then  be  denominated /wrs. 

The  scouring  or  cleaning  of  pelti")'  is  performed  in  a  large  cask,  or  truncated  cone 
laid  on  its  side,  and  traversed  by  a  revolving  shaft,  which  is  furnished  with  a  few 
rectangular  rounded  pegs.  These  are  intended  to  stir  round  the  skins,  while  they  are 
dusted  over  with  Paris  plaster,  whitening,  or  sometimes  sand,  made  as  hot  as  the 
hand  can  bear.  The  bottom  of  the  cask  should  be  grated,  to  allow  the  impurities  to 
fall  out.  The  lusirage,  which  the  cleansed  skins  next  undergo,  is  merely  a  species  of 
dyeing,  either  topical,  to  modify  certain  disagreeable  shades,  or  general,  to  impart  a  more 
beautiful  color  to  the  fur.  Under  the  articles  Dyeing,  and  the  several  colors,  as  also 
Hair  and  Morocco,  sufficient  instructions  will  be  found  for  dyeinc:  fur.  The  mordants 
should  be  applied  pretty  hot  by  a  brush,  on  the  hair  of  the  skin,  stretched  upon  a  solid 
table  ;  and  after  two  or  three  applications,  with  drying  between,  the  tinctorial  infusions 
may  be  rubbed  on  in  the  same  way.  The  hair  must  be  freed  beforehand  from  all  greasi- 
ness,  by  lime  water,  or  a  weak  solution  of  carbonate  of  soda;  then  well  washed.  Much 
nicety,  and  many  successive  applications  of  the  dye-stufl',  are  sometimes  requisite  to  bring 
out  the  desired  shade. 

Under  Hat  Manufactttre,  I  referred  to  this  article  for  a  description  of  the  process 
of  secretage,  whereby  the  hairs  of  rabbit  and  hare  skins  are  rendered  fit  for  felting. 
Dissolve  32  parts  of  quicksilver  in  500  of  common  aquafortis ;  and  dilute  the  solution 
with  one  half  or  two  thirds  of  its  bulk  of  water,  according  to  the  strength  of  the  acid. 
The  skin  being  laid  upon  a  table  with  the  hair  side  uppermost,  a  brush,  made  with  the 
bristles  of  the  wild  boar,  is  to  be  slightly  moistened  Avith  the  mercurial  solution,  and 
passed  over  the  smooth  surface  of  the  hairs  with  strong  pressure.  This  application 
must  be  repeated  several  times  in  succession,  till  every  part  of  the  fur  be  equally 
touched,  and  till  about  two  thirds  of  the  length  of  the  hairs  be  moistened,  or  a  little 
more,  should  they  be  rigid.  In  order  to  complete  this  impregnation,  the  skins  are  laid 
together  in  pairs  with  the  hairy  sides  in  contact,  put  in  this  state  into  the  stove-room. 
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and  exposed  to  a  heat  higher  in  proportion  to  the  weakness  of  the  mercurial  solution. 
The  drying  should  be  rapidly  effected,  otherwise  the  concentration  of  the  nitrate  will  not 
take  due  effect  in  causing  the  retraction  and  curling  of  the  hairs. 

No  other  acid,  or  metallic  solution,  but  the  above,  has  been  found  to  answer  the  de- 
sired purpose  of  the  hatmaker.  After  the  hairs  are  properly  secreted,  they  are  plucked 
off  by  hand,  or  shorn  off  by  a  machine. 

PENCIL  MANUFACTURE.  {Crayms,fabrique  de,  Fr. ;  Bhistifte,  verfertiguvg, 
Germ.)  The  word  pencil  is  used  in  two  senses.  It  signifies  either  a  small  hair  brush 
employed  by  painters  in  oil  and  water  colors,  or  a  slender  cylinder,  of  black  lead  or  plum- 
bago, either  naked  or  enclosed  in  a  wooden  case,  for  drawing  black  lines  upon  paper. 
The  last  sort,  which  is  the  one  to  be  considered  here,  corresponds  nearly  to  the  French 
term  crayon,  though  this  includes  also  pencils  made  of  differently  colored  earthy  compo- 
sitions.    See  Crayon. 

The  best  black-lead  pencils  of  this  country  are  formed  of  slender  parallelepipeds,  cut 
out  by  a  saw  from  sound  pieces  of  plumbago,  which  have  been  previously  calcined  in  close 
vessels  at  a  bright  red  heat.  These  parallelopipeds  are  generally  enclosed  in  cases  made 
of  cedar  wood,  though  of  late  years  they  are  also  used  alone,  in  peculiar  pencil-cases, 
under  the  name  of  ever-pointed  pencils,  provided  with  an  iron  wire  and  screw,  to  pro- 
trude a  minute  portion  of  the  plumbago  beyond  the  tubular  metallic  case,  in  proportioa 
as  it  is  wanted. 

In  the  year  1795,  M.  Conte,  a  French  gentleman,  well  acquainted  with  the  mechanical 
arts,  invented  an  ingenious  process  for  making  artificial  black-lead  pencils  of  superior 
qua!«'ty,  by  which  he  and  his  successor  and  son-in-law,  M.  Humblot,  have  realized  large 
fortunes. 

Pure  clay,  or  clay  containing  the  smallest  proportion  of  calcareous  or  silicious  matter, 
is  the  substance  which  he  employed  to  give  aggregation  and  solidity,  not  only  to  plum- 
bago dust,  but  to  all  sorts  of  colored  powders.  That  earth  has  the  property  of  diminish- 
ing in  bulk,  and  increasing  in  hardness,  in  exact  proportion  to  the  degree  of  heat  it  is 
exposed  to,  and  hence  may  be  made  to  give  every  degree  of  solidity  to  crayons.  The 
clay  is  prepared  by  diffusing  it  in  large  tubs  through  clear  river  water,  and  letting  the 
thin  mixture  settle  for  two  minutes.  The  supernatant  milky  liquor  is  drawn  ofl  by  a 
syphon  from  near  the  surface,  so  that  only  the  finest  particles  of  clay  are  transferred  into 
the  second  tub,  upon  a  lower  level.  The  sediment,  which  falls  very  slowly  in  this  tub, 
is  extremely  soft  and  plastic.  The  clear  water  being  run  off,  the  deposite  is  placed  upon 
a  linen  filter,  and  allowed  to  dry.     It  is  now  ready  for  use. 

The  plumbago  must  be  reduced  to  a  fine  powder  in  an  iron  mortar,  then  put  into  a 
crucible,  and  calcined  at  a  heat  approaching  to  whiteness.  The  action  of  the  fire  gives 
it  a  brilliancy  and  softness  which  it  would  not  otherwise  possess,  and  prevents  it  from 
being  affected  by  the  clay,  which  it  is  apt  to  be  in  its  natural  state.  The  less  clay  is 
mixed  with  the  plumbago,  and  the  less  the  mixture  is  calcined,  the  softer  ai-e  the  pencils 
made  of  it ;  the  more  clay  is  used  the  harder  are  the  pencils.  Some  of  the  best  pencils 
made  by  M.  Conte,  were  formed  of  two  parts  of  plumbago  and  three  parts  of  clay  ;  others 
of  equal  parts.  This  composition  admits  of  indefinite  variations,  both  as  to  the  shade  and 
hardness ;  advantages  not  possessed  by  the  native  mineral.  While  the  traces  may  be 
made  as  black  as  those  of  pure  plumbago,  they  have  not  that  glistening  aspect  which 
often  impairs  the  beauty  of  black-lead  drawings.  The  same  lustre  may,  however,  be  ob- 
tained by  increasing  the  proportion  of  powdered  plumbago  relatively  to  the  clay. 

The  materials  having  been  carefully  sifted,  a  little  of  the  clay  is  to  be  mixed  with  the 
plumbago,  and  the  mixture  is  to  be  triturated  with  water  into  a  perfectly  uniform  paste. 
A  portion  of  this  paste  may  be  tested  by  calcination.  If  on  cutting  the  indurated  mass, 
particles  of  plumbago  appear,  the  whole  must  be  further  levigated.  The  remainder  of 
the  clay  is  now  to  be  introduced,  and  the  paste  is  to  be  ground  with  a  muller  upon  a 
porphyry  slab,  till  it  be  quite  homogeneous,  and  of  the  consistence  of  thin  dough.  It  is 
now  to  be  made  into  a  ball,  put  upon  a  support,  and  placed  under  a  bell  glass  inverted  in 
a  basin  of  water,  so  as  to  be  exposed  merely  to  the  moist  air. 

Small  grooves  are  to  be  made  in  a  smooth  board,  similar  to  the  pencil  parallelopipeds, 
but  a  little  longer  and  wider,  to  allow  for  the  contraction  of  volume.  The  wood  must  be 
boiled  in  grease,  to  prevent  the  paste  from  sticking  to  it.  The  above  described  paste 
being  pressed  with  a  spatula  into  these  grooves,  another  board,  also  boiled  in  grease,  is 
to  be  laid  over  them  very  closely,  and  secured  by  means  of  screw-clamps.  As  the  atmo- 
spheric air  can  get  access  only  to  the  ends  of  the  grooves,  the  ends  of  the  pencil-pieces 
become  dry  first,  and  by  their  contraction  in  volume  get  loose  in  the  grooves,  allowing 
the  air  to  insinuate  further,  and  to  dry  the  remainder  of  the  paste  in  succession.  When 
the  whole  piece  is  dried,  it  becomes  loose,  and  might  be  turned  out  of  the  grooves. 
But  before  this  is  done,  the  mould  must  be  put  into  an  oven  moderately  heated,  in 
order  to  render  the  pencil  pieces  still  drier.  The  mould  should  now  be  taken  out,  and 
emptied  upon  a  table  covered  with  cloth.     The  greater  part  of  the  pieces  will  be 
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entire,  and  only  a  few  will  have  been  broken,  if  the  above  precautions  have  been  duly 
observed.  They  are  all,  however,  perfectly  straight,  which  is  a  matter  of  the  tirst  im- 
portance. 

In  order  to  give  solidity  to  these  pencils,  they  must  be  set  upright  in  a  crucible  till 
it  is  filled  with  them,  and  then  surrounded  with  charcoal  powder,  fine  sand,  or  sifted 
wood  ashes.  The  crucible,  after  having  a  luted  cover  applied,  is  to  be  put  into  a  furnace, 
and  exposed  to  a  degree  of  heat  regulated  by  the  pyrometer  of  Wedgewood ;  which 
degree  is  proportional  to  the  intended  hardness  of  the  pencils.  When  they  have  been 
thus  baked,  the  crucible  is  to  be  removed  from  the  fire,  and  allowed  to  cool  with  the 
pencils  in  it. 

Should  the  pencils  be  intended  for  drawing  architectural  plans,  or  for  very  fine  lines, 
they  must  be  immersed  in  melted  wax  or  suet  nearly  boiling  hot,  before  they  are  put  into 
the  cedar  cases.  This  immersion  is  best  done  by  heating  the  pencils  first  upon  a  grid-iron, 
and  then  plunging  them  into  the  melted  wax  or  tallow.  They  acquire  by  this  means  a 
certain  degree  of  softness,  are  less  apt  to  be  abraded  by  use,  and  preserve  their  points 
much  better. 

When  these  pencils  are  intended  to  draw  ornamental  subjects  with  much  shading,  they 
should  not  be  dipped  as  above. 

Second  process  for  making  artificial  pencils,  somewhat  different  from  the  preceding. — All 
the  operations  are  the  same,  except  that  some  lamp-black  is  introduced  along  with  the 
plumbago  powder  and  the  clay.  In  calcining  these  pencils  in  the  crucible,  the  contact 
of  air  must  be  carefully  excluded,  to  prevent  the  lamp-black  from  being  burned  away  on 
the  surface.  An  indefinite  variety  of  pencils,  of  every  possible  black  tint,  may  thus  be 
produced,  admirably  adapted  to  draw  from  nature. 

Another  ingenious  form  of  mould  is  the  following : 

Models  of  the  pencil-pieces  must  be  made  in  iron,  and  stuck  upright  upon  an  iron  tray, 
having  edges  raised  as  high  as  the  intended  length  of  the  pencils.  A  metallic  alloy 
is  made  of  tin,  lead,  bismuth,  and  antimony,  which  melts  at  a  moderate  heat.  This  is 
poured  into  the  sheet-iron  tray,  and  after  it  is  cooled  and  concreted,  it  is  inverted, 
and  shaken  oflffrom  the  model  bars,  so  as  to  form  a  mass  of  metal  perforated  throughout 
with  tubular  cavities,  corresponding  to  the  intended  pencil-pieces.  The  paste  is  in- 
troduced by  pressure  into  these  cavities,  and  set  aside  to  dry  slowly.  When  nearly  dry, 
the  pieces  get  so  much  shrunk  that  they  may  be  readily  turned  out  of  the  moulds  upon  a 
cloth  table.  They  are  then  to  be  completely  desiccated  in  the  shade,  afterwards  in  a 
stove-room,  next  in  the  oven,  and  lastly  ignited  in  the  crucible,  with  the  precautions  above 
prescribed. 

M.  Conte  recommends  the  hardest  pencils  of  the  architect  to  be  made  of  lead  melted 
with  some  antimony  and  a  little  quicksilver. 

In  their  further  researches  upon  this  subject,  M.  Conte  and  M.  Humblot  found  that  the 
diflerent  degrees  of  hardness  of  crayons  could  not  be  obtained  in  a  uniform  manner  by  the 
mere  mixture  of  plumbago  and  clay  in  determinate  doses.  But  they  discovered  a  remedy 
for  this  defect  in  the  use  of  saline  solutions,  more  or  less  concentrated,  into  which  they 
plunged  the  pencils,  in  order  to  modify  their  hardness,  and  increase  the  uniformity  of  their 
texture.  The  non-deliquescent  sulphates  were  preferred  for  this  purpose ;  such  as  sul- 
phate of  soda,  &c.     Even  sirup  was  found  useful  in  this  way. 

PENS,  STEEL.  The  best  metal,  made  from  Dannemora  or  hoop  (l)  iron,  is  selected, 
and  laminated  into  slips  about  3  feet  long,  and  4  inches  broad,  of  a  thickness  correspond- 
ing to  the  desired  stiffness  and  flexibility  of  the  pens.  These  slips  are  subjected  to  the 
action  of  a  stamping-press,  somewhat  similar  to  that  for  making  buttons.  (See  Button, 
and  Plated  Wake.)  The  point  destined  for  the  nib  is  next  introduced  into  an  appropri- 
ate gauged  hole  of  a  little  machine,  and  pressed  into  the  semi-cylindrical  shape ;  where  it 
is  also  pierced  with  the  middle  slit,  and  the  lateral  ones,  provided  the  latter  are  to  be 
given.  The  pens  are  now  cleaned,  by  being  tossed  about  among  each  other,  in  a  tin  cy- 
linder, about  3  feet  long,  and  9  inches  in  diameter ;  which  is  suspended  at  each  end  upon 
joints,  to  two  cranks,  formed  one  on  each  of  two  shafts.  The  cylinder,  by  the  rotation 
of  a  fly-wheel,  acting  upon  the  crank-shafts,  is  made  to  describe  such  revolutions  as 
agitate  the  pens  in  all  directions,  and  polish  them  by  mutual  attrition.  In  the  course  of 
4  hours  several  thousand  pens  may  be  finished  upon  this  machine. 

PEPPER.  {Poivre,  Fr. ;  Pfeffer,  Germ.)  Black  pepper  is  composed,  according  to  M. 
Pelletier,  of  the  vegetable  principle,  pijoerme,  of  a  very  acrid  concrete  oil,  a  volatile  bal- 
samic oil,  a  colored  gummy  matter,  an  extractive  principle  analogous  to  legumine,  malic 
and  tartaric  acids,  starch,  bassorine,  ligneous  matter,  with  earthy  and  alkaline  salts  in 
small  quantity.  Cubebs  pepper  has  nearly  the  same  composition. 
Pepper  imported  for  home  consumption,  in  1835,  1836,  1837. — Duty  6d.  per  lb. 

Lbs.  2,359,573 ;  2,800,980 ;  2,626,298. 
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